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Abstract 

Recent publications have elevated the priority of increasing the integration of STEM content for 

K-12 education. The STEM education community must invest in the development of valid and 

reliable to scales to measure STEM content, knowledge fusion, and perceptions of the nature of 

STEM. This manuscript reports the development of an instrument to measure growth in student 

perceptions of the codependent nature of STEM content knowledge due to a complex classroom 

intervention. Specifically, a team of university engineering education and educational 

measurement faculty cooperating with teachers in STEM disciplines at five Colorado High 

Schools implemented a long-tern interdisciplinary engineering design problem. At the 

participating schools, cross-functional science, technology, engineering, and mathematics teams 

of high school students were formed to complete engineering design problems. Student teams in 

five schools participated in the study (N = 275). A 20 item pre- and posttest scale was refined 

from a previously conducted pilot of the same research design conducted in 2010. Exploratory 

(pretest) and confirmatory (posttest) factor analyses indicated that the scale measured four 

distinct constructs, which the researchers coded as mathematics self-concept, mathematical 

avoidance, engineering self-concept, and scientific self-concept. Reliability analyses indicated 

that the scales yielded acceptable levels of reliability. Correlation analyses indicated moderate 

positive relationships between the math, science, and engineering constructs at pretest and 

stronger positive relationships at posttest. While all of the correlations increased, a test of pre-

posttest differences in the correlations indicated that only the correlation between mathematics 

and science self-concept reached conventional levels of statistical significance. The implications 

of these research findings are discussed.   
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Scale Development for Measuring STEM Content Connections in Students Engaged in a Long-

Term Integrated Engineering Design Problem 

To better serve the nation’s students, the national emphasis on STEM education has 

prompted researchers and practitioners involved in the educational process to focus on three 

critical areas: (a) review of our current math, science, and engineering curricula, (b) our 

pedagogical practices and utilization of existing and emerging technology, and (c) our ability to 

design, integrate, and assess exemplary learning environments (National Research Council 

[NRC], 2012). As illustrated in a recent report, engineering design projects can serve as a 

catalyst for integrating learning across STEM disciplines (Katehi, Pearson, and Feder, 2009).  

The purpose of the current study was to discover how a complex classroom project-based 

intervention impacted student perceptions of the interconnectedness of knowledge in science, 

technology, engineering, and mathematics. As the intervention, interdisciplinary teams of high 

school students solved an engineering design problem (e.g., create an iPod® docking station) 

with constraints on time, materials, and cost. The engineering design task required individuals 

and teams to synthesize their knowledge across STEM disciplines to design, test, and 

manufacture a fully functional final product. Thus, one of the primary goals of the engineering 

design task was to increase student perceptions of the codependence of STEM content 

knowledge. However, a critical precursor to testing the intervention effects was the ability to 

measure perceptions of codependent STEM content knowledge. Therefore, the focus of the 

current study was to report on the development and initial validation of an instrument designed 

to detect shifts in perceptions of integrated content knowledge.  

In this manuscript, we first proceed with brief overviews of the current framework for 

integrating STEM curriculum in K-12 education and describe a framework for grounding STEM 
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education in the cognitive sciences. Finally, we describe current intervention, which bridges the 

gap between the two frameworks and the procedure for developing an instrument. 

Introduction and Background 

Framework for integrating STEM curriculum. The recent release of the National 

Research Council (NRC) recommendations for K-12 science education titled A Framework for 

K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas marks a significant 

shift in the core concepts that will guide science, technology, engineering, and mathematics 

(STEM) education in the coming years (NRC, 2012). Most notable is the inclusion of 

engineering and technology concepts in a framework that emphasizes practices, crosscutting 

concepts, and core ideas. This repositioning of engineering and technology within science 

education brings new opportunities and challenges when conceptualizing the design and delivery 

of instruction in STEM subjects. Moreover, this framework requires that new conceptions of 

learning and instruction be adopted to include the richness of practice or learning-in-doing across 

STEM concepts and contexts. 

The NRC recommendations propose a framework that articulates a broad set of 

expectations for students in science. Within this framework, grades K-12 science education 

needs to integrate three major new major dimensions into science standards, curriculum, 

instruction, and assessment. These dimensions include: 

x Scientific and engineering practices 

x Crosscutting concepts that unify the study of science and engineering through 

their common application across fields 
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x Core ideas in four disciplinary areas: physical sciences, life sciences, earth and 

space sciences, and engineering, technology, and applications of science (NRC, 

2012). 

Realizing the vision of integrating the three dimensions will require new 

conceptualizations of teaching, learning and instruction grounded in the cognitive sciences and 

rigorous methodological approaches to measuring student learning within the three dimensions. 

This framework has opened up a new frontier in learning STEM subjects with equally exciting 

opportunities in research on teaching, learning, and the measurement science that will inform the 

future development of learning standards across these subjects. 

The architects of this framework recognize that integrating the three dimensions in a 

coherent way is challenging and that examples of how it can be achieved are needed. This 

manuscript reports on a study designed to “test drive” these challenges in an exploratory manner.  

The setting for the study captures the complex classroom learning interactions envisioned 

in this framework where students actively engage in scientific and engineering practices to 

deepen their understanding of crosscutting concepts and disciplinary core ideas. The authors 

acknowledge that there is no single approach that defines how to integrate the three dimensions 

into curriculum, instruction, and assessment. However, well researched approaches in learning 

and instruction from the cognitive science provide a strong foundation for grounding exploratory 

investigation within this learning context. In addition, coupling the instructional intervention 

grounded in the cognitive sciences on teaching and learning with the measurement sciences 

provides a lens through which to conceptualize this exploratory investigation in complex 

classroom interactions1. 

                                                            
1 The terms science, technology, engineering and mathematics (STEM) in the context of educational studies often 
get misinterpreted or lumped together blurred by their ambiguous meanings or lack of understanding. In this study, 
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Grounding teaching and learning of STEM in the cognitive sciences. John Bruer 

(1993) argued that, “the National Assessment of Educational Progress (NAPE) results indicate 

that current curricula, teaching methods and instructional materials successfully impart facts and 

rote skills to most students but fail to impart high-order reasoning and learning skills” (p. 5). This 

statement continues to resonate nearly 23 years later. Other researchers have explored 

transforming the classroom from “work sites where students perform assigned tasks under 

management of teachers into communities of learning and interpretation, where students are 

given significant opportunity to take charge of their own learning…attempting to engineer an 

innovative educational environment” (Brown, 1992, p.141). 

One approach to this transformation process can be addressed through the adoption of 

well researched approaches to learning and instruction grounded in the cognitive sciences. An 

example of this has been evidenced with the emergence of engineering and technology education 

as an integral component of STEM education. For many years technology education alone 

struggled to establish itself as an equal partner in general education and often was unable to gain 

recognition for the value of its instruction. However, it appears that engineering and technology 

education core concepts and practices advocated in the new K-12 science education framework 

are remarkably consonant with findings from cognitive science that defines good instruction, see 

Appendix A (de Miranda, 2004).  

                                                                                                                                                                                                
science is used in its traditional term to mean natural sciences, in particular physics and chemistry. Engineering and 
technology are included as they relate to the application of science.  Engineering is used to mean any engagement by 
students in the systematic process and practice of designing solutions or artifacts to particular problems.  
Technology is used to characterize all types of human-made systems and processes, not the interpretation used by 
many educators as instructional tools like computers and teaching tools (educational technology). Therefore, 
engineering and technology is human innovation in action. It is the principle means by which products and systems 
are developed to solve problems and extend human capabilities.  Mathematics is the study of quantity, structure, 
space, and change (NRC, 2012). In this study, the researchers situated mathematics as more applied mathematics 
which concerns itself with mathematical methods that are typically used in science, engineering, business, and 
industry. Thus, "applied mathematics" is using math with specialized knowledge, in this case science, engineering 
and technology while solving an engineering design problem. 
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The foundations of cognitively based models hold three elements of learning and 

instruction common across the various instructional strategies (de Miranda, 2004): 

1. Students learn to engage actively with the learning process and content. 

2. Through the instructional design, students learn to reflect on and use existing structures 

of knowledge to guide and further their learning. 

3. Students learn to interact in classrooms or communities of learning where knowledge and 

information are shared openly in an environment that values participation and interaction 

between students, teachers, and sources of knowledge outside the classroom. 

The application of the above principles results in classroom environments that engender 

collaborative learning experiences, socially-distributed expertise across teams of students, and 

project based learning (de Miranda, 2004).  

The conceptualization and design of this study is informed by two perspectives: the first 

influenced from well researched areas of teaching and learning from the cognitive sciences and 

second from the newly released Framework for K-12 Science Education: Practices, Crosscutting 

Concepts and Core Ideas. There is consonance between models of classroom learning and 

teaching informed by research from the cognitive sciences and the new frameworks vision to 

actively engage students in scientific and engineering practices and apply crosscutting concepts 

to deepen their understanding of the core ideas in these fields. In addition, the new vision sets a 

goal of students gaining sufficient knowledge of the practices, crosscutting concepts, and core 

ideas of science and engineering to engage in public discussions about these subjects and 

communicate their understanding of science and engineering practices (NRC, 2012). 
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Current Study 

This study was informed by an uncanny similarity between the structure of the 

framework for K-12 science education and the nature of how interdisciplinary science and 

engineering are actually practiced. The complex classroom intervention designed for this study is 

modeled after current research centered on the design of a biosensor chip that will measure 

specific chemicals in the brain, in an attempt to determine which chemicals are key to our brain 

development. The research and design of this biosensor require the cooperation of professors and 

graduate researchers in biology, chemistry, computer science, electrical and computer 

engineering, and mathematics to share the challenges of solving this scientific and engineering 

challenge to design a nano scale engineered system to detect chemical signals, measure 

gradients, and provide insight into cellular communication. Interdisciplinary challenges and work 

of this nature are not uncommon in scientific practice and engineering; however, when applied to 

STEM learning contexts in schools, learning and instruction infrequently emulates scientific and 

engineering practice.  

Therefore, the purpose of this study was to design a complex classroom intervention that 

emulated the interdisciplinary nature of true science inquiry and engineering design similar to the 

biosensor research team at Colorado State University and translate the learning and instruction 

model to high school science, mathematics and engineering classrooms. We also undertook the 

challenge of designing an assessment scale to measure student cognitive integration across these 

dimensions. The fundamental purpose underlying this investigation was to study the effects of 

integrating the three dimensions of scientific and engineering practice, crosscutting concepts, and 

disciplinary core ideas and to design a scale to detect if students were cognitively connecting the 

STEM content “dots”. 
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Intervention grounded in cognitive-based models. The engineering design problem 

based intervention was created to connect cognitive-based models of instruction to activities 

within the complex classroom intervention. The connections between the cognitive-based models 

and the activities are summarized in Appendix A. The design problem challenged teams of 

students to design, test, and build a functional iPod® docking station. A sample product design is 

shown in Figure 1. 

Intervention Organization. The engineering component of STEM education puts 

emphasis on the process and design of solutions instead of the solutions themselves. This 

approach allows students to explore mathematics and science in more authentic context while 

helping them to develop the critical thinking skills that can be applied to many facets of their 

work and academic lives.  

The American Society of Engineering Education (ASEE) has continually emphasized the 

notion that engineering design can be a pedagogical strategy to promote learning across 

disciplines (Lantz, 2009). Therefore, the organization of the classroom intervention focused on 

supporting the four key elements of cognitively-based instruction: nimble multi-disciplinary 

student teams, shared expert knowledge, student lead design and engineering tasks, and authentic 

scientific and engineering practice (Appendix A). In addition, when instruction is organized 

without classroom or school boundaries to promote cross-disciplinary interaction, critical debate, 

design solutions, and problem focus, the ethos of the learning environment is fundamentally 

changed from knowledge transmission sites to sites of dynamic discourse. 

Nimble multi-disciplinary student teams. Small student teams (I = 4-6) consisted of 

“Junior Fellow” (a high school student team leader) and students from science, technology, 

engineering, and mathematics classes. The junior fellows’ responsibility was to guide/lead 
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student teams from each of the content classes and to provide content expertise to their assigned 

course/teacher/class. The junior fellow and teacher were supported in their content knowledge by 

a university graduate student assigned to the classroom to serve as a content knowledge expert 

(hereafter referred to as a graduate fellow). 

This required that the junior fellow collaborate with the content teacher, each of the 

classes, the graduate fellow, and their peers from the other content areas. The teachers’ 

responsibilities involved collaboration between the other content teachers, the junior fellows, as 

well as providing necessary resources and guidance for the students in a variety of content areas. 

Students were responsible to their team members to provide a level of expertise and query in 

their designated roles. 

Shared expert knowledge. Students were situated in expert roles as engineers 

(mechanical and electrical), scientists, and applied mathematicians within each team and 

individually contributed to the whole knowledge possessed by the group. For example, the 

mathematics students provided expert knowledge on data collection and analysis organization as 

well as communicating the results of product and component performance data. The physics 

students provided expertise in their role as electrical engineer and circuit designers. The 

mechanical engineering students provide expert knowledge on product design, material selection, 

production processes, and design for function analysis. Expert knowledge was shared within and 

between teams through the student content experts. 

Student lead design and engineering. Students took the lead in developing their design 

solution and process for assessing the progress of the project. Students had multiple interrelated 

design issues to address during the project including the circuit design, printed circuit board 

design and etching, and the actual speaker box/container design. Team members took on the 
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process of debugging, trouble shooting, and innovating as they moved through the engineering 

design process. Students kept individual engineering journals as an artifact to track their 

progress, identify design problems, and track the evolution of potential solutions. The journals, 

considered the records of what the team had decided, provided a stop-gap measure to ensure 

teams did not repeat previous iterations and helped to keep them moving forward. 

Authentic scientific and engineering practice. In this iPod® docking station design 

challenge, student teams were required to integrate four components, an amplifier circuit, printed 

circuit board, amplifier box/container, and power supply. Each component was designed, 

engineered, built, tested, and optimized as part of their course content. This included identifying 

and understanding the interconnectedness the various components had within the design, 

development and testing process, as well as connections to the content curriculum for their class. 

For example, the typical physics units of power, electricity, and magnetism were connected to 

the theoretical and practical design of engineering a power supply, testing its output and 

waveform characteristics, and ensuring safety with electronics and electricity. 

Learning Environment/Ethos in the Classroom. We would be inconsistent in our 

discussion of exemplary STEM education classroom models of instruction if we did not address 

the learning environment. Recognition of the classroom environment/ethos plays, as an 

important function in student learning and teacher/student collaboration is important. Informing 

the importance are findings suggesting that the personal relations between class members help 

predict learning outcomes and that there is a relationship between positive environments and 

positive learning outcomes (Walberg & Anderson, 1968; Haertel, Walberg, & Haertel, 1981). 

Additionally, it has been reported that “teachers can promote deep approaches to learning 

through the creation of learning environments that students perceive as safe, supportive, and that 
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offer helpful relationships” (Dart et al., 2000, p. 269). These studies lend support to the 

significance of being able to create an environment in which the participants (teachers, students, 

graduate fellows, and junior fellows) are able to collaborate, share, and learn from each other. 

A particular recommendation from learning and instruction informed by the cognitive 

sciences is that students engage in a whole and mature task (Glaser, 1990). In this study, students 

engaged in the engineering design team problem for approximately 24 weeks. The culminating 

intervention required the teams made of science, mathematics, and engineering students to 

present their findings in a research poster symposium that mirrored scientific and engineering 

practice, illustrated in Figure 2. Each team was required to design and present a scientific poster 

and engineering poster. The poster symposium enabled the student teams to communicate their 

science and engineering in a public forum. In doing so, students “cognitively mastered” what 

they had learned through communicating their work to other students, teachers, university 

faculty, and graduate students who attended the poster session. The poster session was co-located 

with the annual Explore Engineering Day designed to invite future engineering students and the 

public to explore educational and career opportunities in engineering. During the poster session, 

each poster was judged by a team of science and engineering graduate students and university 

faculty for its content and scientific and engineering organization. The research poster 

assessment rubrics can be found in Appendix B.  

Problem of measurement. Having designed a complex classroom intervention grounded 

in the teaching and learning principles from cognitive sciences, the remaining challenge 

concerned measuring intervention effects. As stated above, the fundamental premise was that the 

intervention would impact student perceptions of the interrelated and codependent nature of 

STEM content knowledge. However, a search of the scientific literature (e.g., EBSCO), 
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including the Mental Measurements Yearbook™, did not yield an appropriate assessment scale 

designed to measure student cognitive integration across key STEM dimensions. Therefore, the 

current study sought to develop a new instrument that would be sensitive to changes in students 

cognitively connecting the STEM content “dots”. 

Scale development. Procedures for the development of a new assessment scale are well 

established in the psychological and educational literatures (Clark & Watson, 1995; Haynes, 

Richard, & Kubany, 1995; Netermeyer, Bearden, & Sharma, 2003). The multiphase process of 

developing a new instrument involves defining and operationalizing the constructs, generating 

and testing survey items to build evidence of content validity, gathering data to test structural 

build evidence of structural validity, and conducting a series of studies to build evidence of 

external validity (Clark & Watson, 1995; Haynes, Richard, & Kubany, 1995; Netermeyer, 

Bearden, & Sharma, 2003). The underlying goal of the multiphase validation process is to 

evaluate the degree to which the empirical evidence gathered from an instrument supports the 

appropriateness of the researcher’s interpretations and actions as well as the appropriateness of 

inferences made from test results (Kane, 2001; Messick, 1995). 

Interdisciplinary integration of math curriculum within other content areas has been a 

focus of investigation for the sciences (Angel and LaLonde, 1998; Elliott, Oty, Mcarthur, and 

Clark, 2001) as well as other subjects, which are historically viewed as less connected to math, 

like the humanities (Korey, 2002). Although no instruments exactly matched the needs of the 

current study, we did identify an instrument that had been developed to measure student 

integration of mathematical and humanities content knowledge (Korey, 2000). 

Math Across the Curriculum (MATC) is an exemplary interdisciplinary teaching model, 

developed by the faculty of Dartmouth College, to integrate mathematics content across 
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humanities courses (Korey, 2000, 2002). The MATC program created nine courses linking 

mathematics content with humanitarian disciplines, with the pedagogical goals of increasing the 

relevance of mathematics content for students through connections between mathematics and 

other disciplines, demonstrating the use of math in other content areas through application, and 

fostering interdisciplinary thinking in the classroom. Therefore, the MATC study created and 

gathered initial content and structural validity evidence for an assessment scale to measure the 

effect of the intervention on student integration of mathematics and humanities content 

knowledge (Korey, 2000). The resulting mathematics attitude scale contained twenty-three items 

designed to measure the college student’s perceived mathematical ability (Ability), interest and 

enjoyment of mathematics (Interest), beliefs about the contributions of mathematics to personal 

growth (Personal Growth), and beliefs about the contributions of mathematics to career success 

(Utility).  

In the current study, researchers adapted items tapping Ability, Interest, Personal Growth, 

and Utility to the content areas of high school mathematics, science, and engineering. The 

process of adapting an assessment instrument is much that same as developing a new instrument. 

The process involved defining the target constructs, matching items to the facets of the 

underlying constructs of interest, and having experts (in this case graduate students) review the 

survey instructions and item content for clarity, non-redundancy, and relevance to the underlying 

constructs (Haynes, Richard, & Kubany, 1995; Netermeyer, Bearden, & Sharma, 2003). 

Therefore, the adapted scale items were designed to assess student global mathematics, science, 

and engineering self-concept. Furthermore, the relationships between these constructs 

represented student perceptions of the integrated and codependent nature of content knowledge 

across the STEM fields. 



Measuring STEM Connections    15 
 

 
 

Having adapted an instrument to the needs of the complex classroom intervention, the 

specific goals of the current study were: a) to build incremental evidence of the measurement 

validity through; and b) to investigate the effect of the intervention. We hypothesized that the 

instrument would exhibit a three factor structure, assessing global mathematics, science, and 

engineering self-concept. Furthermore, we hypothesized that the relationships between these 

constructs would increase as a result of participation in the intervention. 

Method 

Participants 

Participants (N = 275) consisted of students from five area high schools enrolled in 

science, engineering and technology, or mathematics classes. As shown in Table 1, the sample 

was predominantly male and White, although sample characteristics varied somewhat by high 

school campus. Further, student academic level ranged from 9th – 12th grade and most of the 

students were engaged in this project through either their science or engineering and technology 

classes. 

Procedure 

During the spring semester prior to the intervention implementation, the research team 

solicited teams of teachers (science, engineering and mathematics) to participate in the study. 

The research team traveled to the school sites and made introductory presentations to the 

teachers to enable them to gain a vision of the proposed classroom intervention. Teams were 

selected based on their willingness to implement longitudinal engineering design project and 

their willingness to collaborate across school subjects. Following the selection of the teams, a 

meeting was held with each school principal to ensure administrative support and scheduling of 

the collaborative course at the same time during the school day. 
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During the summer prior to the semester the intervention was to be implemented, 

teachers participated in a week-long workshop where the teacher teams were able to plan, 

brainstorm, and align their curricular units to coincide with the engineering design project. 

During the summer planning, each teacher team was introduced to their graduate fellow that 

would co-plan new content with them to meet the necessary understandings required by the 

complex engineering design problem. The graduate fellows served as content experts and helped 

teachers understanding of unfamiliar content (i.e. amplifier circuits, how transistors are made and 

work, chemical etching of PC boards) and translating those new scientific and engineering 

principles to the classroom. 

Early in the fall semester and prior to the intervention implementation, each student 

enrolled in the classes that formed the teacher/graduate fellow teams (math, physics, engineering, 

etc.) were administered a pretest. All involved were required to adhere to the guidelines required 

under human subjects’ approval (Office of Regulatory Compliance) and complete an informed 

consent to participate in research form. Following consent to participate each student was 

assigned by the teacher a unique research identification number that is unknown to the 

researchers. The intervention was implemented and approximately 24 weeks after the 

intervention began and the final research poster symposium had been held, students were 

administered the post test. 

Instrumentation 

Adapted STEM self-concept scale. The STEM self-concept scale contained 20 items 

assessing student perceptions mathematics, science, and engineering in terms of their own 

ability, interest, and personal growth, as well as the utility of the content (the survey also 

contained items from other scales not reported in this manuscript). Participants were asked to 
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read each item and rate how it applied to their learning and experiences in their science, math, or 

engineering classrooms. Student ratings were made on a five point Likert-type scale (i.e., 1 = 

“Strongly Disagree”, 2 = “Disagree”, 3 = “Neutral”, 4 = “Agree”, 5 = “Strongly Agree”). The 

content of all items is available in Appendix C. 

Global mathematics self-concept. This subscale contained 10 items that were designed to 

measure student global mathematical self-concept in terms of Ability, Interest, Personal Growth, 

and Utility. For example, item 19 states “After attending math classes, I want to study more 

mathematics.” 

Global science self-concept. Similarly, this subscale contained five items that were 

designed to measure student global science self-concept in terms of Ability, Interest, Personal 

Growth, and Utility. For example, item 10 states “After attending science classes, I want to study 

more science.” 

Global engineering self-concept. Similarly, this subscale contained five items that were 

designed to measure student global engineering self-concept in terms of Ability, Interest, 

Personal Growth, and Utility. For example, item 15 states “After attending engineering classes, I 

want to study more engineering.” 

Results 

Pretest 

Initial validation. The instrument evaluation involved three phases: pre-exploratory 

factor analysis (EFA) diagnostics, EFA factor extraction, and reliability analysis. At each of the 

three phases, items that did not meet basic criteria were trimmed from the model in an effort to 

derive a set of unidimensional subscales that uniquely measured student global mathematics, 

science, and engineering self-concept. 
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The first step in this scale evaluation was to analyze the basic item level descriptive 

statistics, inter-item correlations, and pre-EFA diagnostics such as Bartlett’s test of sphericity, 

the Kiser-Meyer-Olkin test of sampling adequacy (KMO), and the Measures of Sampling 

Adequacy (MSA)2. The analysis indicated that all items exhibited acceptable distributional 

characteristics. Inter-item correlation analyses indicated that no items exhibited redundancy. 

Examination of Bartlett’s test rejected the null hypothesis that the correlation was an identity 

matrix, Ȥ2(190) = 2294.91, p < .001. Finally, analysis of the KMO and MSA indices indicated 

that all items exhibited adequate levels of sampling adequacy. Having passed all of the 

diagnostic criteria, we proceeded with the factor extraction. 

An initial EFA was conducted to determine the number of latent factors to extract from 

the item pool. Multiple criteria were used to determine the number of factors (Henson & Roberts, 

2006). Specifically, factor extraction was determined by examining the number of factors 

extracted via the Kaiser criteria (Hayton, Allen, & Scarpello, 2004), Catell’s scree plot analysis 

(Pett et al., 2003), parallel analysis (Hayton et al., 2004), and the minimum average partial 

revised criteria (Velicer, 1976; Velicer, Eaton, & Fava, 2000). 

The Kaiser criteria indicated that four factors should be extracted. Catell’s scree plot 

analysis indicated that two factors were present. The parallel analysis indicated that four factors 

                                                            
2 Criteria were as follows: item level descriptive statistics and cutoff criteria for excluding items from the scale 
included low variability, severe skew or kurtosis (i.e., SD < 1, skew>|2|, kurtosis >|7|); inter-item correlation 
exclusion criteria included an items that exhibited extremely high correlations within their subscale (r’s >|.80|), 
(item pair’s with extremely high correlations would be scrutinized for redundancy, thus item’s exhibiting high 
correlations due to content redundancy are problematic because they artificially inflate internal consistency 
[Netemeyer, Bearden, & Sharma, 2003]); the KMO is an index for comparing the magnitudes of zero-order inter-
item correlations and partial correlations (Pett, Lackey, & Sullivan, 2003), therefore, in order to be considered for 
factor analysis, the set of items should exhibit a KMO > .80, (Pett et al., 2003); similar to the KMO, the MSA 
indicates how strongly an individual item is correlated with other items in an item set, therefore, in order to be 
considered for factor analysis, an item should exhibit a MSA>.60; and finally, Bartlett’s test of sphericity tested the 
null hypothesis that the correlation matrix is equal to an identity matrix. 
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should be extracted from the dataset. Finally, the minimum average partial revised criteria 

indicated that that a four factor solution provided the best fit to the data. 

Four factor EFA. Given the convergence of the criteria above, an EFA was conducted 

with extraction set to four factors using principal axis factoring and oblique rotation. The four 

factor model accounted for 50.98% of the common variance among the items. To determine 

which items loaded onto which factors, each item was evaluated the following criteria: initial 

communalities3 > .20, pattern coefficients coefficient > .40 (Pett et al., 2003), and the ratio of 

primary to secondary loadings in the structure matrix > 1.20. 

The analysis revealed that initial item communalities ranged from .31 (Q31) to .60 (Q26), 

thus no items were removed due to low initial communality. Next, the pattern and structure 

matrices of the four factor solution were examined. In general, the subscales exhibited simple 

structure, see Table 2. After eliminating items that did not meet the above criteria, the EFA 

indicated that the mathematics self-concept factor split into two factors: the expected 

mathematics self-concept factor was comprised of a five items (i.e., Q49, Q50, Q51, Q53, & 

Q56); and the new mathematics avoidance factor was comprised of three items (i.e., Q10, Q39, 

& Q43). The science self-concept factor was comprised of two items (i.e., Q21 & Q11), and the 

engineering self-concept factor was comprised of four items (i.e., Q22, Q26, Q31, & Q46). All 

items exhibited strong loadings on their primary factors, see Table 2. 

Reliability Analysis. The mathematics self-concept subscale consisted of five items that 

measured student perceptions of mathematical ability, interest, personal growth, and utility. The 

subscale mean was moderately high (M = 3.67 out of 5.00), variability was relatively low (SD = 

0.73); however, the scores on the scale were not normally distributed, Kolmogorov-Smirnov (K-

S) Z = 1.73, p = .005. The reliability analysis revealed that the internal consistency reliability 
                                                            
3 The initial item communality represent the amount of variance in the item explained the set of items. 
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was acceptable, see Table 2. Having a low score on the mathematical self-concept factor would 

indicate that a student did not perceive themselves as having high ability, or see the utility of 

mathematics for their personal growth or future career; while being high on this factor would 

indicate the opposite. 

The mathematics avoidance subscale consisted of three items that measured student 

perceptions of a lack in mathematical ability. The subscale mean was relatively low (M = 2.72 

out of 5.00), variability was relatively low (SD = 0.91), and the scores on the scale were not 

normally distributed, K-S Z = 1.91, p = .001. The reliability analysis revealed that the internal 

consistency reliability was acceptable, see Table 2. Thus, having a high score on the 

mathematical avoidance factor would indicate that a student expressed high anxiety and 

uncertainty in solving mathematical problems; while being low on this factor would indicate the 

opposite. 

The science self-concept subscale consisted of two items that measured student 

perceptions of scientific ability and interest in science. The subscale mean was moderately high 

(M = 3.57 out of 5.00), variability was relatively low (SD = 0.88); however, scores on the scale 

were not normally distributed, K-S Z = 2.65, p < .001. The reliability analysis revealed that the 

internal consistency reliability was acceptable, see Table 2. Having a high score on the science 

self-concept factor would indicate that a student had ability and interest in science; while being 

low on this factor would indicate the opposite. 

Finally, the engineering self-concept subscale consisted of four items that measured 

student perceptions of engineering ability, interest, personal growth, and utility. The subscale 

mean was moderately high (M = 3.43 out of 5.00), variability was relatively low (SD = 0.80), 

and scores on the scale were normally distributed, K-S Z = 1.27, p = .08. The reliability analysis 
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revealed that the internal consistency reliability was acceptable, see Table 2. Thus, having a 

“low” score on the engineering self-concept factor would indicate that a student did not perceive 

themselves as having high ability, or see the utility of engineering for their personal growth or 

future career; while being “high” on this factor would indicate the opposite. 

Subscale correlations. The subscale correlations were moderately large in magnitude. 

As shown in Table 2, mathematical, science, and engineering self-concepts were all moderately 

positively related to one another. Thus, the findings indicate that student perceived moderately 

strong codependence between math, science, and engineering fields of content knowledge. 

Further, math avoidance was moderately negatively related to the math, science, and engineering 

self-concept. Thus, student anxiety and uncertainty in mathematics was related to lower scores 

on measures of self-concept. 

Posttest Analyses 

Confirmatory factor analysis (CFA). At posttest, a series of nested CFA models were 

conducted in order to build incremental evidence for the validity of the four factor model 

identified through EFA at pretest. The series of nested models compared a single factor model, a 

three factor model (i.e., originally hypothesized model), and the four factor model identified 

through the EFA. All CFA analyses were conducted using maximum likelihood estimation in 

AMOS version 18 (Arbuckle, 2009). In addition to the model Ȥ2, the following indices were used 

to evaluate model fit (with a priori cutoff values): comparative fit index (CFI criteria: values at 

or above .95), standardized-root-mean-residual (SRMR criteria: values at or below .06), root-

mean-square-error of approximation (RMSEA criteria: values at or below .05; or a 90% 

confidence interval that included .05 but did not include .10), and the Ȥ2¨ test was used to 
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evaluate improved model fit when nested models were compared (Hu & Bentler, 1998; Kline, 

2005).  

The first model fit to the data was the single factor model. In addition to modeling a 

single factor, we allowed for an additional level of model complexity by specifying correlated 

residual variances between items that had highly similar item content (e.g., Q11: “After attending 

science classes, I want to study more science” and Q31: “After attending engineering classes, I 

want to study more engineering.”); thus, eleven correlated residuals were specified. As shown in 

Table 3 (M1. 1-Factor), the single factor model did not exhibit acceptable fit to the data; 

however, we retained the correlated residuals for subsequent models.  

Next, a three factor model was fit to the data, with mathematics, science, and engineering 

self-concept items loading on to their originally specified factors. As shown in Table 3 (M2. 2-

Factor), the three factor model improved model fit relative to the one factor model (see Ȥ2ǻ���

however, the model did not exhibit acceptable fit according to the CFI, SRMR, or RMSEA 

indices. Finally, the four factor model identified at pretest was fit to the data. The results 

indicated that the four factor model improved fit relative to the three factor model; however, 

several of the indices still indicated lack of acceptable fit, see Table 3 (M3. 4-Factor). Inspection 

of the item content and residual diagnostics indicated that two items exhibited 

multidimensionality with secondary factor loadings: item Q51 (“If I work at it, I can do well in 

math and science classes”), which had a primary loading on the mathematics self-concept factor, 

exhibited a secondary loading on the Science Self-Concept factor; and item Q50 (“Reasoning 

skills used to understand science, mathematics, or engineering can be helpful to me in my 

everyday life”) , which had a primary loading on the mathematics self-concept factor, exhibited a 

secondary loading on the Engineering Self-Concept factor. Modeling the item level 
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multidimensionality improved model fit relative to the prior model, and resulted in overall 

acceptable fit to the data; see Table 3 (M4. 4-Factor [Complex]). 

Reliability analysis and subscale correlations. Finally, we proceeded with a reliability 

analysis and examined the correlations among scales. As shown in Table 4, all scales maintained 

acceptable levels of reliability. Additionally, the correlations among the mathematics, science, 

and engineering self-concept scales were still positive and also appeared to be relatively stronger 

than at pretest. Thus, student stronger perceptions of the codependence of math, science, and 

engineering content knowledge appeared to be stronger after engaging in the intervention. 

Further, the mathematics avoidance scale was still negatively correlated with each of the self-

concept scales. 

Intervention effects. Having found evidence of similar factor structures at both pre- and 

posttest, as well as acceptable levels of reliability, we proceeded to test our hypotheses. 

Specifically, we had hypothesized that the intervention would strengthen student perceptions of 

co-dependence between science, technology, engineering, and mathematics content knowledge. 

In order to test this hypothesis, we compared the correlations between mathematics, science, and 

engineering self-concept at pretest and posttest. As shown in Figure 3, we found that all 

correlations between science, engineering, and mathematics increased after participation in the 

intervention; however, only the pre-post difference between the correlation of mathematics and 

science self-concept achieved statistical significance, rdifference = .17, 95% CI [.04, .30]. 

Discussion 

There is a national priority for increasing the competency of K-12 STEM education. In an 

effort to guide educational policy, the national research council has developed a framework for 

integrating science and engineering curriculum (NRC, 2012). In the current study, we report on 
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an engineering design based intervention that bridges the gap between the new integrated 

framework and well researched models of teaching and learning from the cognitive sciences (de 

Miranda, 2004). One of the primary goals of this project was to transform student understanding 

of the codependent nature of STEM content knowledge; however, the measurement of such 

knowledge has been elusive. Therefore, the current study reports on efforts to develop a new 

scale to measure integrated STEM content knowledge.  

A key finding from this study indicated that the measurement of student perceptions were 

relatively more complex than expected. Specifically, we had hypothesized that our instrument 

would measure the three aspects of STEM self-concept; however, our analysis revealed that four 

factors, rather three, explained the pattern of student in responses. The factors included science 

and engineering self-concept (as expected); however, the mathematics subscale split into two 

factors: mathematics self-concept and mathematics avoidance. Although unexpected, the 

emergence of a distinct mathematics avoidance factor was consistent literature showing the 

important role of negative emotions and motivations in student orientations toward math (Kaplan 

& Maehr, 2007). This finding should inform future efforts to measure perceptions and content 

knowledge in STEM, as avoidance orientations play an important role determining student effort, 

studies strategies, and learning (Kaplan & Maehr, 2007). Although our findings indicated a novel 

factor structure, the resulting subscales exhibited acceptable levels of reliability; and consistent 

with our expectations, the results indicted moderately strong positive correlations among the 

self-concept subscales. A second psychometric validation was conducted on the posttest data, 

using a series of nested CFA models. Once again, the results indicated that the four factor model 

provided the best fit to the data. Together, these findings provide incremental evidence of the 
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structural validity of the scale, as well as evidence for the stability of the structural model over 

time. 

A second key finding from the current study concerned the positive change in student 

perceptions of the codependent nature of STEM content knowledge. We addressed this issue by 

comparing the correlations between these self-concept constructs at pretest and posttest. As 

hypothesized, all correlations were stronger after participating in the intervention; however, only 

the correlation between mathematics and science self-concept reached conventional levels of 

statistical significance. This finding may have been due to the nature of the project organization. 

For example, the largest project involved the design of an iPod® docking station; wherein a 

physics class took the lead in overall designing and worked with the engineering and 

mathematics classes to construct and test their products. Science classes took a similar lead at 

other high school campuses and in other projects. Therefore, it is possible that the science-

mathematics connection gained more prominence through the design of the projects and team 

organizational structures. Future studies of similar interventions should closely examine the link 

between the project focus, team organizational structure, and STEM connections. 

These results of the psychometric validation of the instrument advances our knowledge of 

desperately needed “tool design” within STEM education. Ultimately, such “tool design” is 

required to accurately detect and measure levels of content connects and knowledge fusion 

occurring when learning-in-doing through engineering design (de Miranda, 2004). Furthermore, 

the results support our optimism for the future potential of being able to drill down to specific 

learning outcomes across the STEM disciplines. The work required to realize this level of scale 

specificity will require a blueprint of specific scientific and engineering practices, crosscutting 

concepts, and core ideas (content standards and learning benchmarks). 



Measuring STEM Connections    26 
 

 
 

Caveats 

Although the findings from this study have a number of strengths, there are also issues 

that may limit generalization. The most important issues concerned the measurement of student 

perceptions. In the current study, we adapted a scale of student perceptions in mathematics to 

measure student perceptions of self-concept. Our adapted instrument measured student 

perceptions of math, science, and engineering self-concept at a high level of abstraction. Student 

perceptions of STEM self-concept were used as a proxy for more specific areas of content 

knowledge. For example, our measure did not assess algebraic principles used by students in the 

mathematics class. Future studies will certainly need to create more specific assessments of 

student content knowledge in math, science, and engineering as well as the connections between 

them. 

A related measurement issue concerned the complexity of factor structure that emerged 

through exploratory and confirmatory factor analyses. We had hypothesized that a three factors; 

however, a four factor emerged from the data. Furthermore, item level analysis indicated that 

several items exhibited multidimensionality. These complexities in the factor structure appear to 

have been due to item content focused on emotional reactions to STEM fields. As in other 

literatures focused on student perceptions and motivation (Midgley, et al., 2000), efforts to 

measure STEM content knowledge will need to purposefully disaggregate student emotion from 

student perception. Additionally, the similar wording of items measuring math, science, and 

engineering introduced complex relationships between the items and the constructs (i.e., 

multidimensionality). Future efforts to measure the fusion of STEM content knowledge will need 

to minimize redundancy of item content. 
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Conclusion 

The purpose of this study was to describe a complex classroom intervention that involved 

an interdisciplinary team-based approach to solving an engineering design problem and report 

the results of efforts to develop a new scale for measuring the fusion of STEM content 

knowledge. The scale development process revealed that in addition to student perceptions of 

science, engineering, and mathematics self-concept, student responses were also influenced by 

emotional responses to avoidance mathematics. Finally, our results indicated that the 

relationships between math, science, and engineering self-concept were stronger at posttest, 

relative to pretest, although the positive change math-science was the only correlation to reach 

statistical significance. We tentatively interpret this finding as evidence for the effect of the 

intervention on growth in student understanding of the codependence of STEM content 

knowledge. 
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Table 1. 

Student characteristics at each of the participating high schools 

  HS 1. (N = 126) HS 2. (N = 48) HS 3. (N = 29) HS 4. (N = 32) HS 5. (N = 40) 

  n % Pop. % n % Pop. % n % Pop. % n % Pop. % n % Pop. % 

Female 47 37 
 

13 27 
 

8 28 
 

20 63 
 

17 43 
 

Grade 
               

9th 9 7 
 

12 25 
 

10 34 
 

25 78 
    

10th 38 30 
 

27 56 
 

8 28 
 

5 16 
 

33 83 
 

11th 51 41 
 

8 17 
 

8 28 
 

1 3 
 

3 8 
 

12th 28 22 
 

1 2 
 

3 10 
 

1 3 
 

4 10 
 

Ethnicity 
               

White 109 87 60 40 83 92 7 24 34 26 81 61 34 85 72 

African American 2 2 3 
  

1 10 34 38 
  

4 
  

4 

Hispanic/Latino 2 2 27 1 2 4 6 21 22 3 9 27 4 10 18 

Asian/Pacific 

Islander 
1 1 

 
4 8 

 
2 7 

 
1 3 
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Native American 
  

2 
  

2 2 7 1 
  

2 
  

2 

Prefer not to answer 12 10 
 

3 6 
 

2 7 
 

2 6 
 

2 5 
 

Class 
               

Mathematics 61 48 
             

Science 39 31 
       

32 100 
 

40 100 
 

Engineering/Tech. 26 21 
 

48 100 
 

29 100 
       

Economically 

Disadvantaged   
15 

  
5 

  
44 

  
23 

  
22 

Limited English 

Proficiency   
10 

  
1 

  
18 

  
12 

  
10 

Note: Total percentages are not 100% for all of the characteristics due to rounding. HS #. = participating high school from which the 

sample was recruited; N = total sample size for within a single school; n = sample size of subgroup within a school; % = percentage of 

sample of subgroup within a school; Pop. % = percentage for the entire school. 
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Table 2. 

Summary of STEM scale correlations, reliabilities, descriptive statistics, and pattern matrix from 

EFA at pretest 

Scale 1. 2. 3. 4. 

1. Mathematics Self-Concept .82*** 
   

2. Science Self-Concept .45*** .76*** 
  

3. Mathematics Avoidance -.50**** -.41**** .82** 
 

4. Engineering Self-Concept .55*** .55*** -.44*** .70 

M 3.67**** 3.66**** 2.72*** 3.46* 

SD 0.73***( 0.79**** 0.92*** 0.74* 

N 267.000000* 271*********** 270********* 269******* 

Items Pattern Matrix 

Q19 .51 .12 -.39* .12 

Q49a .70 .03 -.07* .03 

Q51a .47 -.12* -.04* -.04* 

Q50 a .58 -.15* -.01* .11 

Q56a .74 .12 -.13* -.01* 

Q55 .48 -.29* .10 .12 

Q53a .68 -.03* -.05* .13 

Q21b -.14* -.92* -.22* .00 

Q11b .13 -.61* .01 .06 

Q33 .33 -.47* .17 .11 
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Q18 -.25* .19 .37 -.08* 

Q10c .07 -.07* -.58* .12 

Q39c -.08* -.10* .82 .07 

Q43c .00 .15 .53 -.02* 

Q42 -.19* .08 .35 -.16* 

Q26d -.27* -.11* -.22* .79 

Q31d -.05* .07 -.11* .81 

Q22d .09 -.06* .13 .70 

Q47 .14 -.05* .00 .40 

Q46d .19 .03 .12 .60 

Note: In the correlation matrix italicized coefficients along the diagonal reliability coefficients 

(Cronbach’s alpha); in the pattern matrix, bolded coefficients indicate primary factor loading. 

a = item retained for mathematics self-concept scale; b = item retained for science self-concept 

scale; c = item retained for mathematics avoidance scale; d = item retained for global 

engineering self-concept scale. 

***p < .001 
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Table  3. 

Summary of fit indices across confirmatory factor analysis models at posttest 

Model Ȥ2 (df) CFI SRMR RMSEA 90% CI 

Model 

Comp 

-arison 

Ȥ2ǻ��df) 

M1. 1-Factor 289.07 (66)*** 0.75 0.093 0.15 .13, .16 
  

M2. 3-Factor 140.33 (64)*** 0.92 0.064 0.09 .07, .10 M1. 148.74 (2)*** 

M3. 4-Factor 131.82 (61)*** 0.92 0.061 0.08 .06, .10 M2.      8.51 (3)*** 

M4. 4-Factor 

(Complex) 
108.22 (59)*** 0.95 0.051 0.07 .05, .09 M3    23.60 (2)*** 

 Note: CFI =  comparative fit index; SRMR = standardized root-mean-residual; RMSEA = root-

mean-squared error of approximation; 90% CI = 90% confidence intervals around RMSEA; Ȥ2ǻ�

= change in Ȥ2 due to nested model comparison (more restrictive model – less restrictive model). 

*p < .05; ***p < .001 
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Table 4. 

STEM scale correlations, reliabilities, and descriptive statistics at posttest 

Scale 1. 2. 3. 4. 

1. Mathematics Self-Concept .82*** 
   

2. Science Self-Concept .62*** .77*** 
  

3. Mathematics Avoidance -.62**** -.37**** .80*** 
 

4. Engineering Self-Concept .63*** .65*** -.37**** .74*** 

M 3.67*** 3.58*** 2.70*** 3.45*** 

SD 0.73*** 0.79*** 0.92*** 0.74*** 

N 171********** 172********** 171********** 172********** 

Note: Italicized coefficients along the diagonal of the correlation matrix are reliability 

coefficients (Cronbach’s alpha); correlation coefficients corrected for attenuation due to 

unreliability.  

***p < .001 
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Figure 1. Sample iPod® docking box housing electronic amplifier and power supply. Shown 

with speaker and research poster in background. 
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Figure 2. Student team representing scientific and engineering core disciplines.  
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Figure 3. Differences in correlation coefficients between mathematics, science, and engineering 

at pre- and posttest. 

Note: rMSC,SSC = correlation between global math self-concept and global science self-

concept; rMSC,ESC = correlation between global math self-concept and global engineering self-

concept; rSSC,ESC = correlation between global science self-concept and global engineering 

self-concept. 
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Appendix A 

Comparison of cognitively-based models of instruction to instructional intervention design used 

in this study 

Cognitive-Based Models of Instruction Complex Engineering Design Intervention 

Collaborative learning 

x Emphasizes social-interaction 

x Classroom ethos of discourse and 

critical analysis 

x Collaborative classroom experiences 

x Fosters student reflection, shared 

knowledge use 

x Students free to inquirer and create 

without curricular boundaries 

Nimble multi-disciplinary student teams  

x Collaborative interdisciplinary approach in 

which students were able to move between 

content classrooms as needed 

x Shared knowledge within the team through 

reflection and analysis 

 

Socially-Distributed Expertise 

x Students as researchers, teachers and 

self-regulating 

x Teachers as guides of discovery and 

models of inquiry 

x Content emphasizes depth of 

knowledge built around recurrent 

themes 

Shared expert knowledge 

x Students assumed expert roles within the team 

and individually contribute to the whole 

knowledge possessed by the group 

x Reciprocal student-to-student teaching between 

and within student design teams 

x Teacher’s role as a resource,  guide, and student 

x Project design elements distributed across STEM 
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x Designed to foster explanatory 

coherence, rich understanding and 

authentic application 

x Knowledge between learners is 

negotiated in an ethos of joint 

responsibility 

classrooms and schools 

 

Design/Engineering 

x Student as designer/engineer 

x Supports productive-based activities 

of designing and constructing 

x Fosters student reflection and de-

bugging of flawed structures of 

knowledge when applied to external 

artifacts: requires basic technological 

literacy and competence towards 

application 

x Personal investment in the learning 

enterprise 

Student lead design and engineering of tasks 

x Students prepared prototypes that were used to 

test design solutions and optimize amplifier 

performance 

x Focused Practical Task (FPT)-Integrated project 

delivery requirements across design teams. 

Students shared responsibility for overall sub-

component designs, i.e. power system, 

amplification system, circuit design, thermal 

testing and data analysis, speaker design 

specifications, housing (box) design 

Project-Based Learning 

x Fundamental shift from learning-

before-doing to learning-in-doing 

Authentic scientific and engineering practice 

x Learning-in-doing  

x Learning extends beyond institutional boundaries 
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x Project boundaries extend beyond 

classroom walls 

x Connected mature of whole learning 

tasks 

of work and school 

x Long-term student engagement in project 

activities (~24 weeks) 
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Appendix B 

Engineering Design Project Judging Rubric for Poster Presentation  

"adapted from the rubric developed by the American Society for Microbiology and the Committee for the Annual Biomedical Research 

Conference for Minority Students (ABRCMS)." 

Score Goals and 
Background 

Design & Testing Resuls Product and 
Conclusions 

Poster Board 

5 • Background 
information was 
relevant and 
summarized well. 
Connections to 
previous literature and 
broader issues were 
clear. 

 
• Project had a goal 
that was stated clearly 
and concisely; showed 
clear relevance. 

• Excellent choice of 
methods to address goal 
of design project. 

 
• Excellent original 
thinking or 
innovation of 
technique. 

 
• Excellent use 
of verification 
techniques use to 
inform design 
decisions 
 
  

• Substantial amounts 
of high quality data 
were presented 
sufficient to address 
goal of project. 

 
• Presentation of data 
was clear, thorough 
and logical. 

 
• Potential 
problems and 
alternative 
approaches 
presented. 

• Reasonable 
product/design 
conclusions were given 
and strongly supported 
with design testing 
techniques. 

 
• A clear conclusion 
was connected to 
project goals and  
lessons learned were 
discussed  

• All expected components are present, 
clearly laid out, and easy to follow in 
the absence of the presenter. 

 
• Text is concise, free of spelling or 
typographical errors; 
background is unobtrusive. 

 
• Figures and tables are appropriate and 
labeled correctly. 

 
• Photographs/tables/graphs improve 
understanding and enhance visual 
appeal. 

4 • A logical goal was 
presented. 
• Background 
information was 
relevant, but 
connections were not 
clear. 
• Goal of project was 
stated clearly, showed 
relevance beyond 
project. 

• Very good choice of 
methods to address the 
goal of the design 
project. 
• Very good original 
thinking. 
• Good use of 
verification techniques 
use to inform design 
decisions 

• Substantial amounts of 
good data were 
presented sufficient to 
address the  goal of 
project. 
• Presentation of data 
was clear and logical. 

• Reasonable 
product/design  
conclusions were 
given and supported 
with design testing 
techniques 
• Conclusion was 
connected to project 
goals and  lessons 
learned were discussed  

• All components are present, but 
layout is crowded or confusing to 
follow in absence of presenter. 
• Text is relatively clear, mostly free 
of spelling and typographical errors; 
background is unobtrusive. 
• Most figures and tables are 
appropriate and labeled correctly. 

 
• Photographs/tables/graphs improve 
understanding. 
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3 • A project goal was 
adequately presented. 

 
• Background 
information was 
relevant, but 
connections were not 
made. 

• Good choice of 
methods to address 
design project goal. 

 
• Good original thinking. 

 
• Adequate use of 
verification techniques 
use to inform design 
decisions. 

• Adequate amounts of 
reasonably good data 
were presented to 
address design project 
goals. 

 
• Presentation of 
data was not entirely 
clear. 

• Reasonable 
product/design 
conclusions were 
given. 

 
• Conclusions were not 
compared project goal 
and  lessons learned 
were adequately 
discussed  

• Most expected components are 
present, but layout is confusing to 
follow in the absence of the presenter. 

 
• Text is relatively clear, but some 
spelling and typographical errors; 
background may be distracting. 

 
• Figures and tables not always related 
to text, or are not appropriate, or poorly 
labeled. 

 
• Photographs/tables/graphs limited 
and do not improve understanding. 

2 • The goal of the project 
was not clear. 

• Method not 
appropriate to 
address goal of the 
design project. 

 
• No original thinking. 

 
• Use of verification 
techniques use to 
inform design 
decisions was very 
limited of missing  

• Some data were 
lacking, not fully 
sufficient to address 
design project goals. 

 
• Presentation of data was 
Included, but unclear or 
difficult to comprehend. 

• Conclusions were 
given. 

 
• Little connection to 
goal was apparent. 

• Some expected components are 
present, but layout is untidy and 
confusing to follow in the absence of 
the presenter. 

 
• Text is hard to read due to font size 
or color, some spelling and 
typographical errors; background may 
be distracting. 

 
• Figures and tables not related to 
text, or are not appropriate, or 
poorly labeled. 

 
   

     
1 • The goal was 

inappropriate or not 
stated. 

 
• Little or no 
background 
information was 
included or 
connected. 

• Methods section 
missing. 

 
• No original thinking. 

 
•  A lack of 
verification 
techniques use to 
inform design 
decisions 

• Presentation of 
data was missing. 

• Conclusions were 
missing. 

 
• There was no 
connection with 
project goal. 

• Some of the expected components are 
present, but poorly laid out and 
confusing to follow in the absence of 
the presenter. 
• Text hard to read, messy and contains 
multiple spelling and typographical 
errors; very poor background. 
• Figures and tables poorly done. 
• Visual aids not used. 
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Judging Rubric for Presenter 

Score Knowledge of Project Logical Presentation Background Information Presen
ce 

5 Answers difficult questions clearly 
and succinctly. 

Presentation is consistently clear and 
logical. Comfortably uses visual aid 
(poster) to enhance presentation. 

Demonstrates a very strong 
knowledge 
of the research project and 
project background. 

Speaks clearly, naturally and with 
enthusiasm; makes eye contact. 

4 Answers most questions. Presentation is clear for the most part, 
but 
not consistently. Comfortably uses 
visual aids (poster) to enhance 

 

Demonstrates a good knowledge of 
the 
research project and 
project background. 

Speaks clearly, naturally; makes 
eye contact. 

3 Has some difficulty answering 
challenging questions. 

Presentation is generally unclear and 
inconsistent. Uses some visual aids 
(poster) to enhance presentation. 

Demonstrates some knowledge of 
the 
research project and 
project background. 

Reads from poster or script some 
of the time. 

2 Has difficulty answering 
challenging questions. 

Presentation unclear and illogical. 
Does 
not use visual aid (poster) to 
enhance presentation effectively. 

Demonstrates poor knowledge of the 
research project. 

Reads from the poster or script 
most of the time. 

1 Does not understand questions. Presentation very confusing. Does not 
use the visual aid (poster) to 
enhance presentation effectively. 

Does not demonstrate any 
knowledge of the research project. 

Reads from poster or script all of 
the time. 
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Science Project Judging Rubric for Poster Presentation  

"adapted from the rubric developed by the American Society for Microbiology and the Committee for the Annual Biomedical Research 

Conference for Minority Students (ABRCMS)." 

Score Hypothesis / Goals 
and Background 

Experimental Logic Result Conclusions and 
Future Work 

Poster Board 

5 • Background 
information was 
relevant and 
summarized well. 
Connections to 
previous literature and 
broader issues were 
clear. 

 
• Project had a goal or 
a logical hypothesis 
that was stated clearly 
and concisely; showed 
clear relevance. 

 
• Broad impact 
beyond project 

  

• Excellent choice of 
experimental methods to 
address hypothesis or 
goal of project. 

 
• Excellent original 
thinking or 
innovation of 
technique. 

 
• Clear discussion of 
controls or 
comparative groups; 
all appropriate 
controls or 
comparative groups were 
included. 

• Substantial amounts 
of high quality data 
were presented 
sufficient to address 
hypothesis or goal of 
project. 

 
• Presentation of data 
was clear, thorough 
and logical. 

 
• Potential 
problems and 
alternative 
approaches. 

• Reasonable 
conclusions were given 
and strongly supported 
with evidence. 

 
• Conclusion was 
connected to project 
goals or hypothesis and 
their relevance in a 
wider context was 
discussed. 

• All expected components are present, 
clearly laid out, and easy to follow in 
the absence of the presenter. 

 
• Text is concise, free of spelling or 
typographical errors; 
background is unobtrusive. 

 
• Figures and tables are appropriate and 
labeled correctly. 

 
• Photographs/tables/graphs improve 
understanding and enhance visual 
appeal. 
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4 • A logical hypothesis 
or goal was presented. 

 
• Background 
information was 
relevant, but 
connections were not 
clear. 

 
• Goal of project or a 
logical hypothesis was 
stated clearly, showed 
relevance beyond 
project. 

• Very good choice of 
experimental methods 
to address hypothesis 
or goal or project. 

 
• Very good original 
thinking. 

 
• Clear discussion of 
controls or comparative 
groups; most controls or 
comparative groups 
were included. 

• Substantial amounts of 
good data were 
presented sufficient to 
address the hypothesis 
or goal of project. 

 
• Presentation of data 
was clear and logical. 

• Reasonable 
conclusions were 
given and supported 
with evidence. 

 
• Conclusion was 
connected to hypothesis 
or project goals but 
their relevance was not 
discussed. 

• All components are present, but 
layout is crowded or confusing to 
follow in absence of presenter. 

 
• Text is relatively clear, mostly free 
of spelling and typographical errors; 
background is unobtrusive. 

 
• Most figures and tables are 
appropriate and labeled correctly. 

 
• Photographs/tables/graphs improve 
understanding. 

3 • A questionable 
hypothesis or project 
goal was presented. 

 
• Background 
information was 
relevant, but 
connections were not 
made. 

• Good choice of 
experimental methods 
to address hypothesis 
or project goal. 

 
• Good original thinking. 

 
• Adequate discussion 
of controls or 
comparative groups; 
some significant 
controls or comparative 
groups were lacking. 

• Adequate amounts of 
reasonably good data 
were presented to 
address hypothesis or 
project 
goals. 

 
• Presentation of 
data was not entirely 
clear. 

• Reasonable 
conclusions were 
given. 

 
• Conclusions were not 
compared to the 
hypothesis or project 
goal and their relevance 
was not discussed. 

• Most expected components are 
present, but layout is confusing to 
follow in the absence of the presenter. 

 
• Text is relatively clear, but some 
spelling and typographical errors; 
background may be distracting. 

 
• Figures and tables not always related 
to text, or are not appropriate, or poorly 
labeled. 

 
• Photographs/tables/graphs limited 
and do not improve understanding. 
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2 • A questionable 
hypothesis was 
presented and was not 
well supported or the 
goal of the project was 
not clear. 

• Method not 
appropriate to 
address hypothesis 
or goal of project. 

 
• No original thinking. 

 
• Controls or 
comparative groups not 
adequately described; 
some controls or 
comparative groups 
missing. 

• Some data were 
lacking, not fully 
sufficient to address 
hypothesis or project 
goal. 

 
• Presentation of data was 
included, but unclear or 
difficult to comprehend. 

• Conclusions were 
given. 

 
• Little connection to 
hypothesis or goal was 
apparent. 

• Some expected components are 
present, but layout is untidy and 
confusing to follow in the absence of 
the presenter. 

 
• Text is hard to read due to font size 
or color, some spelling and 
typographical errors; background may 
be distracting. 

 
• Figures and tables not related to 
text, or are not appropriate, or 
poorly labeled. 

 
 Ph t h /t bl / h  li it d 

     
1 • The hypothesis or 

goal was 
inappropriate or not 
stated. 

 
• Little or no 
background 
information was 
included or 
connected. 

• Methods section 
missing. 

 
• No original thinking. 

 
• Serious lack of 
controls or 
discussion of 
controls. 

• Results are not yet 
available or 
reproducible. 

 
• Presentation of 
data was missing. 

• Conclusions were 
missing. 

 
• There was no 
connection with the 
hypothesis or project 
goal. 

• Some of the expected components are 
present, but poorly laid out and 
confusing to follow in the absence of 
the presenter. 

 
• Text hard to read, messy and contains 
multiple spelling and typographical 
errors; very poor background. 

 
• Figures and tables poorly done. 
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Appendix C 

Summary of items used to assess global mathematics, science, and engineering self-concept 

Original  

Factor 

Current  

Factor 

Item 

Number 
Item Stems 

In MSC Q19 After attending math classes, I want to study more mathematics. 

PG MSC Q49* Doing mathematics raises interesting new questions about the 

world around me. 

A MSC Q51* If I work at it, I can do well in math and science classes. 

PG MSC Q50* Reasoning skills used to understand science, mathematics, or 

engineering can be helpful to me in my everyday life. 

U MSC Q56* I have used mathematics as a tool to help me learn other subjects 

or solve problems outside of math classes. 

U MSC Q55 I use science concepts to help me learn other subjects. 

U MSC Q53* I have applied connections between mathematics, science, and 

engineering to help me solve problems outside of school. 

A SSC Q21* I am good at science. 

In SSC Q11* After attending science classes, I want to study more science. 

PG SSC Q33 Doing science raises interesting new questions about the world 

around me. 

In MAv Q18 Other subjects in school interest me more than mathematics, 

science, or engineering. 
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A MAv Q10* I am good at mathematics. 

A MAv Q39* Learning mathematics makes me nervous. 

A MAv Q43* I’m never sure my answer is right until I’m given the solution. 

U MAv Q42 The subjects of science, mathematics, or engineering have little 

relation to what I experience in the real world. 

A ESC Q26* I am good at engineering. 

In ESC Q31* After attending engineering classes, I want to study more 

engineering. 

PG ESC Q22* Doing engineering raises interesting new questions about the 

world around me. 

A ESC Q47 When I get stuck on a design problem, I can usually find my way 

out. 

U ESC Q46* Engineering is an important tool to help me learn other subjects. 

Note: A = ability construct in original Dartmouth study; In = interest construct in original 

Dartmouth study; PG = personal growth construct in original Dartmouth study; U = utility 

construct in original Dartmouth study; MSC = global mathematics self-concept; SSC = global 

science self-concept; MAv = mathematics avoidance; ESC = global engineering self-concept. 

*Item retained after EFA and reliability analysis. 
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