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  Measuring Secondary School Students’ Engineering Identity and 

Engineering Habits of Mind in the Next Engineers Programs (Work in 

Progress) 

 

Abstract 

This Work in Progress paper aims to develop reliable and valid tools for engineering educators 

and researchers to assess secondary school students’ engineering identity and engineering habits 

of mind to support students’ future engineering career goals. Although it is critical to prepare 

secondary school students to explore and build their identity in engineering, most research on 

engineering identity development and on expanding the engineering workforce focuses on 

postsecondary students in higher education. Our Next Engineers programs bridge this gap and 

focus on supporting younger students in seeing engineering as a potential career in their early 

educational experiences. In this paper, we describe the development of measures of engineering 

identity and engineering habits of mind that are appropriate for secondary school students. These 

measures are designed to assess the impact of the Next Engineers programs and to be applicable 

in a broader range of pre-college engineering learning contexts. We present the measure 

development process and report preliminary results from initial analyses. 

 



Introduction 

The development of engineering habits of mind (EHoM) and engineering identity has 

been consistently linked to students’ decisions to pursue engineering and their persistence in 

engineering pathways [1], [2], [3]. However, much of the research examining how young people 

develop these dispositions has studied them separately and has focused primarily on 

postsecondary populations who have already been elected to pursue engineering [4]. More recent 

research suggests, however, that learning to ‘think like an engineer’ and ‘see oneself as a 

potential engineer’ can begin much earlier, as students engage in formal and informal 

experiences that shape their interest, ways of thinking, and perceptions of competence and 

recognition [5], [6]. Moreover, experiences that support early development of EHoM and 

engineering identity may be particularly influential for bringing young people onto engineering 

pathways [5], [7]. As a result, there is a need for developmentally appropriate frameworks and 

measurement tools that can capture young people’s early and evolving relationships to 

engineering. 

In response to this need, this Work in Progress paper describes the design and refinement 

of a survey instrument intended to measure secondary school students’ engineering identity and 

EHoM. The instrument is used to examine identity- and habit-related outcomes among students 

participating in Next Engineers (NE) Engineering Academy, an out-of-school program funded by 

the General Electric Aerospace Foundation in 7 cities globally to support secondary students’ 

exploration of engineering. 

Conceptual and theoretical framing 

This study draws on two complementary constructs central to engineering pathway 

development: EHoM and engineering identity. As students engage repeatedly in engineering 

design processes and problem-solving activities, they begin to develop beliefs about their ability 

to think like engineers (EHoM). These beliefs are expected to support students’ perceptions of 

competence and willingness to engage in engineering tasks, even in the absence of advanced 

technical knowledge (engineering identity).  

Engineering habits of mind (EHoM) 

Habits of mind are commonly defined as dispositions toward intelligent behavior in 

situations where answers are not immediately apparent [8]. While habits of mind have been 

articulated across disciplines, engineering-specific formulations emphasize patterns of thinking 

that support design, iteration, and problem solving. Lucas and Hanson [3] identify six core 

engineering habits of mind: systems thinking, problem-finding, creative problem-solving, 

visualizing, adapting, and improving.  

For secondary school students, EHoM are unlikely to be fully developed or consistently 

demonstrated, particularly prior to sustained exposure to engineering coursework or programs. 

At early stages of engineering pathway development, students’ beliefs about their ability to 

engage in engineering ways of thinking may therefore be more developmentally appropriate to 

assess than demonstrated performance. 

Accordingly, this study operationalizes EHoM as self-efficacy beliefs related to engaging 

in engineering thinking and practices. Self-efficacy reflects individuals’ judgments of their 

capability to carry out specific actions [9]. Measuring EHoM as self-efficacy allows for the 



assessment of students’ emerging readiness to engage in engineering habits, even before they 

have had extensive opportunities to enact them.  

Engineering identity 

Our work adapts Godwin’s [1] framework of engineering identity, which comprises three 

interrelated components: interest, recognition, and performance/competence beliefs. Interest 

reflects students’ desire to engage with engineering; recognition refers to whether students 

perceive that others (e.g., teachers, peers, family) see them as an engineering person; and 

performance/competence beliefs capture confidence in succeeding in engineering-related tasks. 

Prior research links these components to students’ persistence in engineering and their ability to 

envision future engineering selves, particularly among first-year college students [2]. 

Although developed for postsecondary populations, this framework provides a coherent 

foundation for examining engineering identity development earlier in the educational pipeline. 

Secondary school students are typically in an exploratory phase with uneven recognition and 

limited exposure to authentic engineering experiences, requiring careful adaptation of item 

wording and interpretation to ensure developmental appropriateness. 

Previous instrumentation 

Existing instruments for measuring engineering identity and related dispositions have 

been primarily developed for postsecondary students, motivating the need for the present study. 

Godwin’s engineering identity framework, which conceptualizes identity through interest, 

recognition, and performance/competence beliefs, has been validated with postsecondary 

populations but assumes levels of disciplinary exposure and social recognition that many 

secondary students have not yet experienced [1], [2]. EHoM lack a widely validated instrument 

at any level. Prevailing formulations tend to be articulated as conceptual frameworks rather than 

empirically validated constructs [11]. 

Research questions 

Our work aims to provide the field with an appropriate, valid, and reliable instrument for 

measuring secondary students’ engineering habits of mind and identity. Specifically, we answer 

the following research questions: 

1) What factor structures best represent secondary school students’ engineering identity and 

engineering habits of mind as measured by the Engineering Development Survey 2.0? 

2) To what extent do the adapted engineering identity subscales (interest, recognition, and 

performance/competence) demonstrate acceptable reliability and construct validity 

among secondary school students? 

3) To what extent do engineering habits of mind, operationalized as self-efficacy beliefs, 

demonstrate coherent factor structure and acceptable reliability for secondary school 

students with varied exposure to engineering? 

Context 

NE Engineering Academy serves secondary school students (ages 15–18) through a 

multi-year, out-of-school program designed to support exploration of engineering over time 

through sustained engagement in hands-on learning and career exposure. Programming includes 

engineering design challenges, career skill-building, and mentorship from GE engineers. Rather 



than assuming students enter with a clear commitment to engineering, the program is structured 

to help students build familiarity with engineering practices, develop confidence in engaging in 

engineering ways of thinking, and receive recognition as capable participants in engineering-

related activities. These experiences are expected to support growth across two interrelated 

outcome domains: engineering habits of mind and engineering identity. 

Method 

Design 

The survey instrument was developed through a multi-year, iterative process following 

established best practices for scale development [12]. We conducted two development cycles. In 

Cycle 1, items were generated from a comprehensive literature review and administered to 

secondary school students (n = 1,128) across five cities in four countries to evaluate 

psychometric properties. In Cycle 2, items were revised and expanded based on Cycle 1 results, 

followed by a pilot study to further assess the instrument’s psychometric quality. Based on the 

pilot study results, an improved version of the survey (i.e., Engineering Development Survey 

2.0) was established for larger-scale administration in future years. 

Item development – First cycle 

The first cycle of development focused on the initial item creation where our 

interdisciplinary team worked collaboratively to design the items aligned with Engineering 

Academy program goals.  

Step 1: Identifying domains and creating items. We began with a comprehensive literature 

review on engineering identity (e.g., [13]) and EHoM (e.g., [14]), which informed the initial 

instrument development. The initial version included two items assessing engineering identity 

and 18 items assessing EHoM. 

Step 2: Establishing content validity. Experts in engineering education and curriculum design 

reviewed the initial items to ensure their appropriateness for secondary school students and 

alignment with engineering learning contexts, thereby establishing content validity. 

Step 3: Administering the survey. We administered the initial version of the survey to 1,128 

students in four cities across three countries, including Johannesburg in South Africa, Greenville 

and Cincinnati in the United States, and Staffordshire in the United Kingdom.  

Item and Scale development – Second cycle  

The second cycle of development focused on our analyses of the data collected through 

the first cycle and how we redefined the constructs based on the NE theory of change and 

relevant literature.  

Step 1: Extracting factors and identifying appropriate items. We conducted an exploratory 

factor analysis (EFA) using data from Cycle 1 to explore how the items of engineering identity 

and EHoM were related within each construct. EFA results were evaluated against established 

scale-development benchmarks: factor loadings ≥ .40, at least three items per factor, and a 

minimum of 50% total variance explained (e.g., [15], [16], [17]). In addition, latent constructs 

were required to include at least three items to ensure adequate construct representation [18]. 



Results indicated that the two engineering identity items loaded as expected but were 

insufficient to support a robust latent construct as suggested by the best practices in scale 

development. Therefore, we realized that the development of additional items was needed. For 

EHoM, the EFA identified three factors; four items failed to load on any factor, and one item was 

cross loaded on multiple items, with the overall factor structure explaining only 39% of the 

variance. These findings deviated from the initial design assumptions and indicated the need for 

substantial revision of the EHoM instrument. 

Step 2: Refining and creating items. Because neither instrument performed as expected in the 

initial analyses, we redefined both constructs and revised existing items and developed new 

items based on theory and empirical findings to improve psychometric quality. For engineering 

identity, we revised the instrument to assess three dimensions, including recognition (5 items), 

performance/competence (4 items), and interest (7 items), adapted from a validated engineering 

identity measure for college students [1] and modified to ensure appropriateness for secondary 

school contexts (e.g., revising item wording to reflect age-relevant learning experiences). 

For EHoM, the original items were intended to assess engineering-related behaviors; 

however, because the survey targeted students who likely had not yet entered the NE program or 

experienced any engineering learning activities, we reconceptualized EHoM as students’ 

perceived capability to engage in engineering-related activities in the future. Consistent with 

Bandura’s [9] definition of self-efficacy, we revised existing items and developed new items to 

assess self-efficacy across five EHoM subscales: system thinking (4 items), adapting (4 items), 

problem identification (5 items), visualizing (5 items), and improving (5 items). All items were 

constructed following Bandura’s [19] guidelines for self-efficacy measurement, including the use 

of a 10-point Likert-type scale to capture greater variance. 

Step 3: Testing items with a pilot study. The new sets of items that measure engineering identity 

and EHoM were piloted with 123 students who were in the Engineering Academy program to 

examine how the items performed psychometrically. We conducted an EFA with the pilot data. 

Each factor was evaluated against the previous version to understand improvement. For example, 

the original version of the interest construct explained 38.36% of the variance but the pilot 

version with more items improved and explained 62.02% of the variance. All seven interest items 

loaded onto one factor and had loadings above 0.66.   

Step 4: Calculating reliability. We calculated Cronbach’s alpha for each subscale of engineering 

identity and found adequate internal reliability scores for interest (0.91). Lower scores were 

found for recognition (0.69) and performance/competence (0.64). In terms of EHoM, we found 

adequate internal reliability scores for all the subscales, including system thinking (0.81), 

adapting (0.75), visualizing (0.79), improving (0.84), and problem identification (0.89) 

Step 5: Modifying items based on pilot data. Based on the pilot psychometric results, we 

removed poorly performing items and reduced survey length to ensure feasibility for secondary 

school students. For example, within the Interest subscale of engineering identity, items with 

relatively lower factor loadings were removed, even though all loadings were greater than .60. 

The final interest subscale retained four items to balance psychometric quality and a proper 

survey length for school-age respondents. 

Preliminary results 



Because this WIP paper focuses on the instrument development process, development-

related results are reported in the Method section to document key design decisions and 

psychometric refinements. Through a two-cycle development process, the final engineering 

identity and EHoM scales were aligned with the NE theory of change and supported by both 

theory and empirical evidence. The final version of the engineering identity scale includes three 

interest items, five recognition items, and four performance/competence items. These three 

dimensions (i.e., interest, recognition, and performance/competence) align with the prior 

framework of engineering identity examined by Godwin [1]. In addition, the final version of the 

EHoM scale includes three systems thinking items, three adapting items, three problem 

identification items, four visualizing items, and three improving items. These dimensions (i.e., 

systems thinking, adapting, problem identification, and improving) correspond to prior research 

on engineering habits of mind [3]. Overall, the instruments were streamlined to shorter sets of 

items, improving efficiency and feasibility for large-scale administration while maintaining 

strong psychometric quality.  

Future work and discussion 

This study contributes to engineering education research by advancing the measurement 

of EHoM and engineering identity among secondary school students, constructs that are widely 

theorized but unevenly operationalized in pre-college contexts [3], [5], [6]. In particular, the 

development of an EHoM measure represents an important foundational step for the field. While 

EHoM are often referenced as critical dispositions for engaging in engineering thinking, they are 

rarely assessed empirically within programs serving adolescents [3]. By operationalizing EHoM 

as self-efficacy beliefs and systematically refining a corresponding survey instrument, this work 

provides an initial, developmentally appropriate approach to measuring a construct that has 

historically been difficult to capture. This contribution is intended not as a finalized measure, but 

as a foundation that future researchers and practitioners can continue to test, refine, and adapt 

across diverse engineering learning environments.  

In addition, this work brings engineering identity and EHoM into analytic conversation 

within a single measurement framework. Although engineering identity is commonly measured, 

it is less often examined alongside the dispositions that shape how students think and act in 

engineering-related contexts. Integrating these constructs enables the study of how students’ 

beliefs about engaging in engineering ways of thinking develop in concert with interest, 

recognition, and performance/competence beliefs. As larger datasets are collected, this approach 

will support more nuanced analyses of the relationships between specific habits of mind and 

engineering identity development over time.  

As we move forward, we aim to improve the psychometric properties of these tools, 

particularly the lower reliability of recognition and performance/competence in the identity 

instrument. These lower values may reflect item wording issues or variability in students’ 

interpretations across contexts, which we will address in future work. The next steps of this 

project include 1) administering the revised survey to a large student population internationally, 

2) establishing further validity, and 3) using validated instruments to measure the impact of 

Engineering Academy. This instrument is intended not only for use within NE but also for 

broader application in programs that aim to support young people in developing the skills 

necessary to pursue engineering careers.  
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