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ABSTRACT 
 

Technology and Engineering Education has deep roots in Project Based Learning, with 

its beginning in the Industrial Arts, and tracing its ancestry to craft apprenticeships. This 

constructivist philosophy supports the idea that the creation of an artifact lends itself to higher 

order cognitive processes. This study analyzed the content of middle school Technology and 

Engineering Education Rubrics for evidence that higher order cognition was being assessed. Five 

raters coded ninety-eight performance indicators from six rubrics for the evidence of declarative, 

procedural, schematic, and strategic knowledge. Gwet’s AC1 and percent agreement were 

calculated to determine inter-rater reliability. Additionally, the performance criteria were coded 

for six engineering constructs. The Engineering Constructs from the performance criteria were 

extrapolated to the performance indicators to see which Engineering Constructs were supporting 

higher order cognition. Analysis included the determination of whether or not the rubrics that 

were analyzed supported higher order cognition as well as their performance indicators, 

performance criteria, and which Engineering Constructs support higher order cognitive 

processes. 
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GENERAL AUDIENCE ABSTRACT 
 

What used to be known as the shop class, or Industrial Arts, has morphed into 

Technology and Engineering Education. With the emphasis now on teaching engineering 

processes and Project Based Learning instead of manual skills, there is a lack of research on 

whether or not the assessments have evolved enough to assess higher levels of cognition. Higher 

level cognitive processes in engineering design are defined as those processes that are used to 

troubleshoot and create. This study analyzed middle school Technology and Engineering 

Education rubrics to look for evidence of assessing higher order cognition. Rubrics are a 

commonly used tool in Project Bases Learning as a form of assessment. Rubrics are separated 

into two distinct parts: performance criteria; and their performance indicators. The performance 

criteria were analyzed for six different Engineering Constructs, and the performance indicators 

were analyzed for four cognitive constructs. The analysis looked for evidence of higher-level 

cognitive constructs, and which Engineering Constructs supported higher level cognitive 

constructs. 
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CHAPTER ONE: INTRODUCTION 

Overview 

Technology and Engineering Education has gone through many changes in the United 

States since its inception. The beginnings can be traced back to craft apprenticeships, which 

predated public education. These apprenticeships evolved in public education into Industrial Arts 

(Bonser & Mossman, 1923). Bonser and Mossman advocated bringing the skills that were 

previously taught in craft apprenticeships into the industrial age by teaching these skills in the 

public schools, what they referred to as “the unity of life and school experience” (p. 74). As the 

industrial age morphed into the technology age, frameworks for the new “Technology and 

Engineering Education” were created (Savage & Sterry, 1990). Currently, Technology Education 

is evolving into Technology and Engineering Education, as all subjects are beginning to 

understand the values of teaching engineering principles (National Research Council, 2009). 

Students engaged in hands-on, minds-on informal engineering activities in the middle grades 

were found to be more autonomous, more competent in core subjects (science and math), and 

may be more inclined to choose engineering as a career (Ayar, 2015). 

The Nature of the Problem 

Several reports appeared in the early 2000s that identified problems and possible 

solutions to the state of the education system in the United States. In 2005, at their annual joint 

meeting, the National Academy of Engineering and the National Academy of Sciences expressed 

concern that the United States was ill equipped to educate the populace to fill the increasing 
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quota of high-quality science, technology, engineering, and mathematics (STEM) jobs that need 

to be filled if the United States is to remain a global economic superpower (NAP, 2017).  This 

executive summary was jointly authored by the National Academy of Engineering, The National 

Academy of Sciences, and the Institute of Medicine, and included 10 “action items” that 

included a call to dramatically increase the number of students earning bachelor’s degrees in 

Science, Engineering, and Mathematics (NAP, 2007).   

 K-12 Technology and Engineering Education 

At the time that Rising Above the Gathering Storm was released, the United States was 

suffering from a twenty-year decline in engineering and engineering technology graduates 

(NCES, 2015). A report by the National Academy of Engineering cited that not only does the 

United States rank 21st in mathematics and science test scores (National Academy of Sciences, 

2011), but of all the high school students in the United States that go on to a four-year college, 

only 14% of them major in a STEM field, and 4% of them in Engineering or Engineering 

Technology. Of these 14%, one third of them will change their major to a non-STEM related 

field within six years of enrolling at a four-year institution (Chen, 2009). Systemically, the 

education system in the United States has seen increased bureaucratization yet still no national 

centralized education system (Meyer, 1988). but also, that a majority of 8th grade mathematics 

and 5th-9th grade physical science classes are taught by someone who does not have a degree or 

does not possess the certification to teach that subject (National Academy of Sciences, 2011). 

Although STEM jobs, particularly engineering, are well paid and the demand for these 

jobs remains high (U.S. Bureau of Labor statistics, 2015), this steady decline in engineering 
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program enrollment has mirrored itself in Europe (Salas-Morera, Cejas-Molina, Olivares-

Olmedilla, Climent-Bellido, Leva-Ramírez, & Martínez-Jiménez, 2013). Engineering students 

appear to be highly motivated (Jones, Osborne, Paretti & Matusovich, 2015), yet there have been 

many attempts to change this downward trend that include instituting new pedagogies, outreach, 

recruiting, and retention programs (Davis, 2012). Yilmaz, Ren Custer & Coleman (2010) stated 

that “any plausible strategy to attract, motivate, stimulate, and educate K-12 students in STEM 

fields can undoubtedly produce favorable results in addressing the overall deficit problem.” (p. 

145). 

In the aftermath of Rising above the Gathering Storm there was a call for increased 

STEM participation in the secondary schools. This call caused the creation of many new STEM 

programs, and the expansion of existing programs. Frameworks for the new “Technology and 

Engineering Education” were created (Savage & Sterry, 1990), the call for technological literacy 

for all K-12 students was made (Technology for All Americans, 2000), as well as the need to 

implement it in the classrooms to better prepare students for the new technology-based economy 

(Raizen, 1995).  

 Performance Based Learning 

Technology and Engineering Education has long advocated the philosophy of 

performance-based learning, or what is known as “learning by doing” (Moye, Dugger and 

Starkweather, 2014) is a key tool in achieving higher order thinking in the classroom. Through 

the application of the competencies learned, the student will produce a meaningful artifact that 

shows evidence of learning, and a natural connection to the content is achieved (Cydis, 2015).  
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This constructivist approach to learning, where a student assimilates higher order 

cognition by learning experiences, has been touted for decades. Dewey (1938) said that 

“education in order to accomplish its ends both for the individual learner and for society must be 

based upon experience” (p. 390). Piaget and Cook (1954) spoke of  “true experiences and 

deductive construction” (p. 385) assimilating into a series of relationships to which the learner 

gives meaning. Berger & Luckman (1967) wrote that knowledge was constructed internally by 

social experiences. Von Glasersfeld (1951) proposed the idea of radial constructivism, the notion 

that one can only obtain knowledge through experiences. In a constructivist classroom, students 

are free from regurgitating facts and allowed to construct new ideas, follow connections, form 

their own conclusions, and share knowledge without the constraints of the traditional classroom 

setting (Brooks & Brooks, 1999). 

Assessment 

We are currently in an era of high-stakes assessment. In 2002, the Elementary and 

Secondary Education Act (ESEA), in place since 1965, was reauthorized under a new name: No 

Child Left Behind (NCLB). Initially, ESEA was created to grant federal funds to school districts 

to improve K-12 education. The purpose of NCLB was to ensure that every student was college 

or career-ready and was proficient in reading and mathematics by 2014. 

 As it became apparent that an increasing number of school districts were unable to meet 

federal guidelines of NCLB, the U.S. government enacted in 2012 a special “waiver” program to 

exempt school districts from certain provisions of NCLB, under one condition: that teachers 
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show evidence of proficiency by demonstrating increasing learning by their students through 

assessments (ESEA, 2015). Many of these assessments are merely multiple-choice exams that 

only assess low level cognitive domains.  

In investigating the need for standards in K-12 engineering, the National Research 

Council, Committee on Standards for K-12 Engineering Education, & National Academy of 

Engineering Committee on Standards for K-12 Engineering Education (2010) stated that in 

addition to content, curriculum, and teaching standards, performance standards were key to 

provide evidence of student learning. The evaluation of engineering performance-based 

assessments not only require the demonstration of higher-level cognitive abilities but allow for a 

demonstration of the integration and understanding of multiple subjects (Baker, 1997). Research 

has shown that student learning is optimized in a situation where a student actively constructs 

new knowledge (Mayer, 1996).  

Technology and Engineering Education have long been proponents of performance-based 

assessments, going back to the early day of Industrial Arts when it was tasked to integrate core 

content into practical uses (Bonser & Mossman, 1927). Experimental groups using engineering 

curricula, demonstrating the application to real world problems, have shown higher gains in 

mathematics and science over control groups that were not exposed to the engineering curricula 

(Schaefer, Sullivan & Yowell, 2003).  

Performance based assessments must be crafted to properly gauge the level of student 

learning. Performance assessments should “require students to do something with their 

knowledge (Brookhart & Nitko, 2014, p. 261). Truly integrative STEM activities “encourage 
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students to actively construct contextualized knowledge of science and mathematics, thereby 

promoting recall and learning transfer.” (Sanders, 2008, p. 23). In Engineering Change 2000 

(EC2000), ABET, the accreditation board for engineering and technology, found that 

incorporating more experiential learning into engineering curricula not only had no negative 

effect on mathematics and science learning, but the students exposed to more engineering 

activities were better prepared to become engineers than the students not exposed to these 

activities ten years earlier (Lattuca, Terenzini  & Volkwein, 2006). Performance based 

assessments have also found to be a greater predictor of students’ ability to apply learned 

knowledge (Ernst, 2008). Preservice teachers who were required to participate in learning 

activities were also found to have higher levels of cognition than their counterparts who did not 

(Ernst, 2013).  Standards that are created for K-12 Engineering programs must also address how 

to accurately assess learning using problem-based assessments. Assessments should measure 

educational goals, or standards (Brookhart & Nitko, 2014).  

Psychological Constructs 

Technology and Engineering Education claims that by its philosophy of “learning by doing” 

(Moye, Dugger & Starkweather, 2014) should promote higher order thinking skills (Churchill, 

2003). To evaluate students’ problem-solving abilities, a proper assessment of the cognitive 

constructs that should have been achieved during the Technology and Engineering activity needs 

to take place. While there has been no definitive research that specifically targets cognitive 

constructs in technology and engineering education, there has been research in science education 

inquiry that most closely relates to technology and engineering education. Li & Shavelson (2001) 
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identified four cognitive constructs that should be present in science assessments: declarative 

knowledge, knowledge that consists of “definitions and facts, mostly in the form of terms, 

statements, descriptions, or data” (p. 6); procedural knowledge, knowledge of the tasks and 

sequence needed to complete a goal; schematic knowledge, the knowledge needed to explain, 

troubleshoot, and interpret systems as well as predicting the result of actions upon these systems; 

strategic knowledge, which is knowledge in the metacognitive realm, knowing what needs to be 

learned prior to the completion of a task. Assessing the cognitive realm of learning is 

instrumental in “for linking assessment methods to achievement” (Li & Shavelson, 2001, p. 26).  

Rationale for the Study 

While Technology and Engineering Education has long been a proponent of the 

constructivist philosophies of experiential learning, it has suffered from a consistent lack of 

framework for assessing performance (Moore, Glancy, Tank, Kirsten & Smith, 2014)  

Prepackaged Technology and Engineering Education programs such as Project Lead the Way 

(PLTW) and Engineering by Design (EbD) come with their own assessments, but little research 

has been done to determine their effectiveness. With the increasing emphasis on performance-

based learning throughout all subjects, as well as the adoption of engineering design principles, a 

thorough examination of assessments needs to be completed to ensure that performance-based 

activities are being assessed across all knowledge domains. 

Purpose of the Study 

In Virginia, Middle School Technology and Engineering Education classrooms are 

considered exploratory classes. Exploratory classes are designed to foster learning in a team 
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environment, creativity, and critical thinking skills. The purpose of this study is to gauge whether 

or not those critical thinking skills are being assessed by identifying knowledge constructs that 

are present in a Virginia Middle School Technology and Engineering Education performance-

based activity rubric. 

Research Questions 

1. Are Technology and Engineering Education assessment rubrics adequately assessing higher 

order cognitive skills (schematic and strategic knowledge)? 

2. Which performance indicators assess higher order cognitive skills? 

3. Which performance criteria assess higher order cognitive skills? 

4. Which Engineering Constructs support higher order cognitive skills? 

Definitions 

Some terms will be used in this study that are unique to the educational setting. 

Assessment is a tool that is used to measure the academic performance, or level of 

learning of a student in a particular domain (Great Schools Partnership, n.d.). 

Cognition is the process of the acquisition of knowledge (Omrod, 2012). 

Constructivism is a learning theory that students learn knowledge and skill by actively 

constructing knowledge that is necessary to complete a task, rather than accumulating knowledge 

by more traditional means (Omrod, 2012). 

Content Analysis is a systematic procedure of reading, coding, and analyzing data to test 

a hypothesis (Schwandt, 2007). 
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Engineering Design is a systematic method that is used to solve a problem. This problem-

solving method is outlined in a series of non-linear sequential step call the Engineering Design 

Process (Hyman, 1998). 

Performance Based Learning (also known as Project or Problem Based Learning) is the 

learning theory that suggests learning is best demonstrated by some task that entails knowledge 

from different domains integrated into the task (Hibbard, 1996). 

Psychological Construct is a common language or definition that is used to express 

mental ideas of varying complexity (Lund Research, Ltd, 2012).  

 Rubric is a document that shows the specific performance objectives to be measured. 

These Performance objectives should demonstrate the degree to which the student has 

demonstrated specific learning outcomes (Great Schools Partnership, n.d.). 

STEM is an acronym for Science, Technology, Engineering, and Mathematics. 

Limitations, delimitations, and assumptions 

There are limitations and assumptions inherent to the design of this study. The rubrics 

that are being used for this study are assumed to be the rubrics that are used to grade artifacts in 

the classroom. Teachers certified that these rubrics were the actual assessment rubrics used in 

their classes. The rubrics used were from middle schools in Virginia only. Virginia Technology 

Education classes are governed by Virginia Career and Technical Education (CTE) competencies 

that correlate to Virginia Standards of Learning (SOL) only. 

There are also delimitations to this study. Although authorized to teach in Virginia, 

rubrics from Engineering by Design (EbD) and Project Lead the Way (PLTW) were purposefully 
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omitted. Accessibility and their ties to national standards precluded their use in this study. This 

study was also limited to middle schools. 
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CHAPTER TWO: LITERATURE REVIEW 

Theoretical Framework 

To understand contextually the two studies in Chapters 3 and 4, a thorough examination 

of the literature must be reviewed. This literature review will consist of four sections, 

Technology and Engineering Education Pedagogy, Cognitive Psychological Constructs, 

Assessment, and Qualitative Analysis. The Technology and Engineering Education Pedagogy 

section will consist of a discussion of the fundamental learning theories of Technology and 

Engineering Education design-based learning and the theoretical assumptions that are present in 

assessing higher order cognitive abilities in K-12 Technology and Engineering Education. The 

Cognitive Psychological Constructs section will review the literature on cognitive constructs, 

what cognitive constructs will be identified in this research, and a comparison of the different 

taxonomies of constructs. The Assessment section will consist of a review of the literature 

applicable to assessing engineering design performance artifacts, what outcomes are assessed, 

and what approaches are used to assess those outcomes. The last section will be a review of the 

literature on qualitative and mixed methods content analysis. 

Technology and Engineering Education Pedagogy 

The inherent pedagogical approach of Technology and Engineering Education is that a 

hands-on problem-solving experience is used to achieve learning outcomes that “intentionally 

teach content and practices of science and mathematics education through the content and 

practices of technology/engineering education” (Wells & Ernst, 2012/2015, Wells, 2016). A 
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result of the Technology for All Americans project in developing the Standards for Technological  

Literacy was that technology and engineering classes served as a natural integrator for teaching 

other subjects: “it (technology) reinforces and complements the material learned in other classes” 

(Technology for All Americans Project, & International Technology and Engineering Education 

Association, 2000, p. 6), Engineering design enables teachers to intentionally teach concepts and 

constructs across multiple STEM domains outside of their specialty area (Donna, 2012). Nearly 

eighty years ago, Dewey described hands-on experiential learning as an “organic connection 

between education and personal experience” (Dewey, 1938, p.8).  

Learning theories generally fall into two camps: behavioralism and cognitivism. 

Behaviorialism is the idea that a stimulus is followed by a response, and behaviors can be 

learned by applying the proper stimuli (Omrod, 2012). Behavioralism first came into vogue in 

education by the research of B.F. Skinner, who stated that a positive stimulus by the teacher can 

elicit the correct response (Skinner, 1957). The behavioral model of instruction was in place for 

many years until research showed that many of the assumptions of behavioralists (that small 

incremental steps lead to more complex skills) were not true, and that behavioralism was best 

suited for teaching simple skills or knowledge that requires rote memorization (Tennyson, 2010; 

Bruning, Schraw, & Ronning, 1999). The limitations of behavioralism is apparent in engineering 

design as complex engineering problems require more than the teaching of a simple skill 

(Schunn & Silk, 2011).  

Cognitivism is the study of cognition, which is defined as “the conscious mental 

processes by which knowledge is accumulated and constructed” (Barak, 2011, p. 36). 



 

 

 

13 

 

Cognitivism was developed as a response to the unanswered questions of behavioralism. Inside 

the broad area of cognitivism, several learning theories were developed, of which the most 

notable and apropos to engineering design is constructivism.  

Constructivism is the theory that knowledge is constructed in the mind through a series of 

experiences (Schwandt, 2007). Constructivist theory began with the works of Jean Piaget’s “The 

Origins of Intelligence in Children” (1952) details what is now known as cognitive-

constructivism. Piaget stated that “at every level, experience is necessary to the development of 

intelligence.” (Piaget, 1952, p. 362).   

Constructivism has since been separated into two schools of thought; Radical 

Constructivism by Ernst Von Glasersfeld, that learning is a cognitive process that is constructed 

by individual experiences (Von Glasersfeld, 1995); and Social Constructionism, Berger and 

Luckmann’s theory that the reality we construct is a product of our society (Berger & Luckmann, 

1967). Vygotsky also expounded on constructivism when he wrote about the Zone of Proximal 

Development, his theory that there is a zone of learning that a student is in, and that the student 

can go beyond that zone with additional help (Vygotsky & Rieber, 1988).   

Piaget’s constructivist ideals were more epistemology than pedagogy (Schwandt, 2007), 

and it does have critics that espouse constructivism as mere theory and only helpful in designing 

instruction (Tobias & Duffy, 2009). The constructivist learning theory, has, however, influenced 

pedagogies that are in line with long held technology and engineering education classroom 

principles: student-centered; “big picture” emphasis; group work; teachers as facilitators of 

learning (Brooks & Brooks, 1993).  
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Seymour Papert took constructivism a step further in what he called constructionism. The 

premise of constructionism is learning by making, or that the learning takes place in the act itself, 

not just in a self-constructed knowledge, but that the activity is fundamental to learning (Harel & 

Papert, 1991). Constructionists believe that students are more likely to construct new ideas when 

they are actively engaged in an activity (Kafai & Resnick 1996). Constructionists tend to value 

design as a learning approach, as iterative problem-solving approaches promote learning 

(Brennan, 2015).  

Other scholars who were influential in expanding experiential learning philosophy were: 

William James and his notion of radical empiricism (the only philosophical thing that is 

debatable can only be defined in terms of experience); Kurt Lewin, who coined the term “group 

dynamics”; Carl Rogers, who wrote that experience is essential to learning and change; and 

Paulo Freire, a supporter of critical pedagogy, which puts emphasis on the students’ own 

experiences (Kolb, 2015). 

One of the premises of engineering design is that students work in teams. The 

development of effective teamwork is essential for a quality technology and engineering 

education program (Moore, Glancy, Tank, Kersten, & Smith, 2014). Supporting the idea of 

teamwork is social learning theory, first originated by Albert Bandura in the 1970’s. Social 

learning theory is the premise that knowledge is acquired by observation of others and the 

consequences of others. Bandura hypothesizes that direct experience learning can only happen in 

a behavioralistic setting – when there is reward and/or punishment for actions. New skills are 

only learned when four settings are present – attention, retention, reproduction, and motivation 



 

 

 

15 

 

(Bandura, 1977). The application of social learning theory has seen success in health care faculty 

(Sanderson, Carter, & Schuessler, 2012), business education (Hanna, Crittenden, & Crittenden, 

2013), and higher education (Hinshaw, Burden, & Shriner, 2012). Social learning theory was 

tested in an engineering setting where the students watched videos of experts in various domains 

at work, and was shown not only to foster the use of collaboration, but the acquisition of new 

skills was present, especially among lower performing students (McCarthy, 2010).  

One other learning theory that should be mentioned is metacognition, or what is defined 

as the understanding or awareness of our own thinking and thought processes (Marzano, 1988). 

Research has shown that metacognition is important in the learning process, and a study of 

engineering students showed evolving and increasing metacognition during an engineering 

design assignment (Lowanto, 2010). 

Engineering in secondary schools has seen an increase in popularity in recent years.  

Science has employed engineering practices in the latest standards (NGSS Lead States, 2013). 

Art and Math have implemented technology and engineering practices into curricula, creating 

“authentic” and “real world” problem-based learning, the core of which has been technology and 

engineering education’s forte for decades (Quigly & Herro, 2016). Engineering design is a 

cognitive process in which a certain iterative thought process evolves to solve a problem 

(Hyman, 2002). This thought process has been recently called Designerly Thinking. Cross (1982) 

defined five aspects of what he characterized as “designerly ways of knowing”:  

• designers tackle ill-defined problems. 

• their mode of problem-solving is 'solution-focused'; 
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• their mode of thinking is 'constructive'; 

• they use 'codes' that translate abstract requirements into concrete objects.  

• they use these codes to both 'read' and 'write' in 'object languages' (Cross, 1982, p. 

226). 

Dym, Agogino, Eris, Frey & Leifer (2005) agreed with the premise that engineering 

design is a pattern of thought, and gave this definition (p. 104):  

“Engineering design is a systematic, intelligent process in which designers generate, 

evaluate, and specify concepts for devices, systems, or processes whose form or function achieve 

clients’ objectives’ or users’ needs while satisfying a specified set of constraints.” 

Instructional models such as the 6E model (Engage, Explore, Explain, Engineer, Enrich, 

and Evaluate) are designed to embed science and mathematics content in the context of 

engineering (Burke, 2014). Further research has identified engineering competencies as 

“information gathering, multiple representations, convergent and divergent thinking, structuring 

open problem and implementation” (Mavinkurve & Murthy, 2012, p. 6). Next Generation 

Science Standards also have stated engineering practices as one dimension of the Three 

Dimensional Learning model of problem solving (NRC, 2014; Krajcik, 2015; NGSS Lead 

States, 2013). Moreover, K-12 engineering education was determined to have the Process of 

Design among its key indicators for quality (Moore, Glancy, Tank, Kersten, Smith & Stohlman, 

2014).  All this preceding literature is stating components of the engineering design process, a 

systematic set of steps used in designing a product or system for an end user. The Engineering 

Accreditation Commission for ABET, the Accreditation Board for Engineering and Technology, 
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the organization that accredits post-secondary education programs, sets these requirements for 

engineering design (Engineering Accreditation Commission, 1999): 

The engineering design component of a curriculum must include most of the following 

features: development of student creativity, use of open-ended problems, development 

and use of modern design theory and methodology, formulation of design problem 

statements and specification, consideration of alternative solutions, feasibility 

considerations, production processes, concurrent engineering design, and detailed system 

description. Further it is essential to include a variety of realistic constraints, such as 

economic factors, safety, reliability, aesthetics, ethics and social impact. 

While there is a scarcity of research on engineering design in high school (Denson & 

Lammi, 2014), there is evidence that in an engineering design science scenario, students learned 

valuable problem-solving skills (Kolodner, Camp, Crismond, Fasse, Gray, Holbrook, 

Puntembecker, & Ryan, 2003). Evidence shows that the key to design cognition lies in the design 

task.  Students exposed to a single design task were shown to have increased learning and 

confidence in the design process (Schubert, Jacobitz & Kim, 2012). A longitudinal study of 

students engaged in a design task showed no significant statistical difference in design cognition 

between students that were enrolled in a technology and engineering design course, and those 

that were not (Wells, Lammi, Gero, Grubbs, Paretti & Williams, 2016). Although the results 

reported were in year one of a longitudinal study, these results would suggest that the cognitive 

value of engineering design occurs not in a specific engineering design course, but in the design 

task itself. One compelling piece of evidence of design cognition is a study that compared 
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mechanical engineering (ME) students with engineering mechanics (EM) students. In this study 

it showed that the time spent in design courses actually increased design cognition (Williams, 

Lee, Gero & Paretti, 2012). 

Technology and engineering education has long posited that it is well positioned for 

integrating STEM concepts because of its “learning by doing” philosophy (Moye, Dugger & 

Starkweather, 2014). This approach to learning, when properly designed, should promote higher 

order thinking skills (Churchill, 2003). Assessing higher order cognition can increase student 

achievement and motivation (Brookhart, 2010). Assessing higher order thinking skills involves 

assessing three distinct phases of higher order thinking: transfer, where a student has shown the 

ability to use what has been learned, or the application of knowledge; critical thinking, where the 

student can make a reasonable judgement or assumption on what to do next; and problem 

solving, where a student is able to solve open-ended problems on their own (Brookhart, 2010). In 

assessing engineering design, the teacher has to be careful not to assess the design itself, but the 

process, for the purpose of an engineering design course is not the project itself, but to teach the 

student the ability to solve problems (Oehlers, 2006). 

In order to assess the cognitive advances of a student, a teacher has to first understand the 

hierarchy of knowledge, or what learning objectives would constitute higher order cognition. 

Benjamin Bloom first discussed that knowledge exists in the three domains in 1956: cognitive, or 

factual knowledge; affective, or attitude; and psychomotor, or physical skills (Bloom, Englehart, 

Furst, Hill & Krathwohl, 1956). Although Bloom’s taxonomy has been much cited and used in 

K-12 education over the years, revised taxonomies have recently been published. Anderson & 
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Krathwohl (2001) revised Bloom’s taxonomy from one dimensional hierarchal domains, to two 

dimensions. Anderson, a former student of Bloom, and Krathwohl, one of the original editors of 

Bloom’s taxonomy, researched alternative frameworks of knowledge over the 50 years since 

Bloom’s taxonomy was published and postulated that the two dimensions of knowledge are the 

cognitive process dimension and the knowledge dimension. In this  revised taxonomy, the 

hierarchy of the original Bloom’s taxonomy was eliminated, and the knowledge dimension was 

separated into four types: factual knowledge, the basic terminology, details and elements of a 

discipline that must be known to solve a problem; conceptual knowledge, the structural, 

categorical, and theoretical basis of the basic elements of factual knowledge; procedural 

knowledge, the knowledge of specific skills, methods, procedures, algorithms and criteria needed 

to solve specific problems; metacognitive knowledge, also known as strategic knowledge, the 

knowledge of the cognitive knowledge and tasks that are needed to solve a problem (Anderson, 

et al. 2001) (Pickard, 2007). The cognitive process dimensions of the revised Bloom’s taxonomy 

have been confirmed by research that the original taxonomy is hierarchical (Anderson & 

Krathwohl, 2001). This means that the highest level of cognition would be at the create cognitive 

process dimension. The cognitive process dimensions of the revised Bloom’s taxonomy are 

remember, understand, apply, analyze, evaluate, and create.  Table 1 shows the relationship 

between the cognitive process dimension (CPD) and the knowledge dimension (KD) as 

Anderson outlined in the Revised Bloom’s Taxonomy (2001). 
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Table 1.  

Revised Bloom's Taxonomy. 

 Factual (1) Conceptual (2) Procedural (3) Metacognitive 

(4) 

Remember (F) F1 F2 F3 F4 

Understand (E) E1 E2 E3 E4 

Apply (D) D1 D2 D3 D4 

Analyze (C) C1 C2 C3 C4 

Evaluate (B) B1 B2 B3 B4 

Create (A) A1 A2 A3 A4 

Note: Adapted from “A Taxonomy for Learning, Teaching, and Assessing: A revision of 
Bloom's Taxonomy of Educational Objectives.” by Anderson, L.W., Krathwohl, D.R., Airasian, 
P.W., Cruikshank, K.A., Mayer, R.E., Pintrich, P.R., Raths, J., Wittrock, M.C., 2001. Copyright 
2001 by Pearson, Allyn & Bacon.  

 

In the revised taxonomy, the knowledge dimension is non-hierarchical. All forms of 

knowledge must be present in a curriculum to achieve the highest level of cognition, but not all 

cognitive process domains contain all knowledge dimensions, for example, the remember 

domain may only contain factual and procedural knowledge, but not conceptual or metacognitive 

knowledge. In order to assess whether higher order cognitive levels have been reached, however, 

all four forms of knowledge have to have been demonstrated, as factual, conceptual, and 

procedural knowledge must be present at the metacognitive and create domains (Blumberg, 

2009). Again, in technology and engineering education the primary goal is in line with a 



 

 

 

21 

 

constructivist philosophy – that knowledge is constructed through a series of experiences 

(Schwandt, 2007). These experiences must be carefully planned and assessed to ascertain the 

students’ cognitive processes and metacognition and the prior knowledge, concepts, and 

procedures in a meaningful learning environment (Pickard, 2007, Anderson, 2001).  

Cognitive Psychological Constructs 

Deering & Daugherty (2004) identified 64 core concepts of 33. These outcomes were 

grouped, and ranked, in order of importance from highest to lowest, respectively: engineering 

design, application of engineering design, engineering analysis, engineering and human values, 

engineering communication, engineering science, and emerging fields of engineering. Only the 

top two categories specifically dealt with engineering design. While Deering & Daugherty 

(2004) and subsequently Childress & Rhodes (2008) listed several dozen learning outcomes, 

Childress and Rhodes (2008) stated that “It is fairly obvious that the most important outcomes 

are the Engineering Design group outcomes” (p. 8). Wilhelmsen & Dixon (2016) used a content 

analysis to delineate key factors associated with the constructs determined by Childress & 

Rhodes (2008) in Engineering by Design (EbD) and Project Lead the Way (PLTW) pre- 

engineering programs. Wilhelmson & Dixon (2016) did not use all seven of the constructs that 

Childress & Rhodes defined, as one of the constructs dealt specifically with the subject of 

nanotechnology and was not applicable in their study. As a result of this content analysis, 

Wilhemson & Dixon determined what they referred to as key indicators of the constructs 
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identified in Childress & Rhodes (2008). Table 2 shows the key indicators Wilhemson & Dixon 

identified under each of the Childress & Rhodes six constructs they used for their study. 

 

Table 2.  

Key Indicators for Engineering Constructs. 

Construct Key indicators 

Engineering & Human 
Values 

Participate in teams 

Assess the effect of technology on the  
environment 

Understand ethical implications 

Determine product’s safety in function 

Apply the relationship between voltage,  
current, & resistance 

Understand relationships among technologies 

Engineering 
Communication 

Communicate knowledge professionally 

Utilize modeling software 

Communicate the design solution process 

Engage in Problem-based learning 

Apply standards 

Utilize brainstorming methods 

Engage in project-based learning 

Develop skills in using tools 

Utilize presentation software 
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Develop sketches 

Evaluate feedback 

Solve design problems 

Create/deliver formal presentations 

Communicate using symbols 

Understand the importance of project management 

Understand communication technologies 

Create detailed flow charts 

Improve design process & outcome 

Use symbols in communicating processes 

Utilize automation system programming functions 

Application of Engineering 
Design 

Provide accurate documentation 

Calculate forces 

Understanding measurements 

Troubleshoot errors 

Modify design 

Use experimentation to make decisions 

Apply constraints 

Construct/evaluate working prototypes 

Explore functions of systems 

Participate in team activities 

Identify manufacturing processes 
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Utilize flight simulators 

Engineering Design 
Concepts 

Use creativity in solving problems 

Document project’s progress in engineering notebook 

Understand attributes of a design process 

Understand core concepts of technology 

Develop models 

Conduct research 

Create portfolios in documenting work 

Understand material & equipment requirements 

Optimize design solutions 

Employ strategies 

Understand system energy requirements 

Use construction technologies 

Use the method of joints strategy to determine forces in a truss 

Create system control programs 

Create new systems/processes 

Justify discoveries or innovations 

Engineering Analysis Utilize mathematics to solve problems 

Utilize mathematical formulas to solve design problems 

Use mathematical concepts in design 

Know to calculate a moment 

Develop solutions to problems 



 

 

 

25 

 

Understand quantitative data 

Conduct testing 

Evaluate design solutions 

Use assessment techniques 

Use decision matrix for design problems 

Evaluate output work of mechanisms 

Describe basic logic functions 

Understand criteria in assessment rubrics 

Determine angles 

Identify magnitude, direction, & sense of a vector 

Understand mechanical advantage ratios 

Calculate mean, median, & mode 

Calculate gear ratio 

Weigh tradeoffs 

Calculate drive ratios of mechanisms 

Choose appropriate input devices of technological systems 

Apply statistics 

Choose appropriate output devices of technological systems 

Differentiate flow rate and flow velocity 

Calculate probability 

Perform competitive product analyses 

Locate the centroid of structural members 
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Understand matrix & reinforcement in composite materials 

Evaluate input work of mechanisms 

Engineering Science Calculate mechanical advantage 

Identify material properties 

Use computers to organize & communicate data 

Understand static equilibrium of bodies 

Calculate mechanical efficiency   
Develop technological knowledge  
 
Calculate velocity  
 
Calculating speed  
 
Apply the relationship between voltage, current & resistance 
 
Understand properties of metals 
 
Distinguish between the six simple machines 
 
Calculate mass 
 
Use scientific concepts in design 
 
Understand characteristics of technology 
  
Understand compound machines  
 
Applying thermodynamic principles  
 
Differentiate the basic properties of materials (electrical, 
magnetic, etc.)  
 
Design, build, & test truss designs 
 
Differentiate digital & analog systems 
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Calculate material properties using a stress strain curve 
  
Construct simple & compound gear systems  
 
Identify properties of elements 
 
Calculate torque ratio 
 
Understand characteristics of lever systems  
 
Calculate stress  
 
Calculate circuit resistance, current & voltage  
 
Identify science concepts  
 
Understand of electrical circuits 
 
Understand of electrical energy 
 
Understand thermal energy transfer  
 
Identify impacts of energy  
 
Design, create, & test hydraulic devices  
 
Understand the advantages & disadvantages of circuit design 
 
Understand electronics 
 
Define types of power  
 
Understanding inclined plane systems 
 
Employ kinematics equations  
 
Identify properties & characteristics of solids 
 
Identify & categorize energy sources  
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Identify components & functions of fluid power 
 
Identify characteristics of composites  
 
Identify engineering disciplines 
 
Provide technical feasibility  
 
Work with electronic assemblies 
 
Design, create, & test pneumatic devices  
 
Design/create/& test pulley systems 
 
Understand recycling technology 
 
Conduct tensile testing 
 
Understand fuel cell technology 
 
Classify properties of Polymers 
 

Use transportation technologies 

Design/create/& test sprocket systems 

Experiment with solar hydrogen systems 

Understand chemical properties  

Create a simple airfoil 

Understand basic aircraft design 

Understand aerospace materials & structures 

Differentiate ceramic materials in industry 
Note: Adapted from “Identifying Indicators Related to Constructs for Engineering Design 
Outcome.” by Wilhelmsen, C. A., & Dixon, R. A., 2016, Journal of Technology and Engineering 
Education, 27(2). Copyright 2016 by The International Technology and Engineering Educators 
Association. 
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Many professional educators use action verbs refer to what level of Bloom’s taxonomy 

the learning objective refers to.  “The action words in a learning objective must refer to 

observable actions—things an instructor could in principle watch the students doing.” (Felder & 

Brent, 2004, p. 7). In order to determine what cognitive level of learning the objective is 

referring to, the action verb can be used as a reference. Table 3 shows the list of action verbs for 

Bloom’s Taxonomy. 

Table 3.  

Action Verbs for Bloom's Taxonomy. 

Action Words for Bloom’s Taxonomy 

Knowledge Understand Apply Analyze Evaluate Create 

recall, define, 

identify, tell, 

list label, 

name, who, 

what, when, 

where 

translate, 

understand, 

give 

examples, 

distinguish, 

estimate, 

explain, 

generalize, 

rewrite 

apply, 

construct, 

demonstrate, 

manipulate, 

predict, 

show, solve, 

use 

analyze, 

compare, 

contrast, 

differentiate, 

distinguish, 

illustrate, 

infer, relate, 

diagram, 

troubleshoot 

synthesize, 

categorize, 

compile, 

compose, 

create, 

modify, 

organize, 

rearrange, 

reconstruct, 

reorganize, 

evaluate, 

appraise, 

conclude, 

criticize, 

critique 
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summarize, 

write, explain 

Note: Adapted from “Writing Objectives Using Bloom’s Taxonomy.” by The Center for 
Teaching and Learning UNC Charlotte. Retrieved September 5, 2016, from 
http://teaching.uncc.edu/learning-resources/articles-books/best-practice/goals-objectives/writing-
objectives 

A taxonomy, by definition, is a technique for classifying something. Taxonomies to 

determine levels of cognition have been utilized for assessment practices for many years, the 

most notable being Bloom’s taxonomy in the mid-20th century. Bloom outlined six hierarchical 

levels of increasing cognition: knowledge, comprehension, application, analysis, synthesis, and 

evaluation. Bloom et al (1956) asserted that these levels of cognition occurred in three domains: 

the cognitive domain, which would be knowledge; the affective domain, or attitude and self-

efficacy; and the psychomotor domain, manual and/or physical skills (Bloom, et al, 1956). 

Categories of Bloom’s cognitive processes are further defined by Huitt (2011): 

knowledge, student recalls or recognizes information, ideas, and principles in the 

approximate form in which they were learned; comprehension, student translates, 

comprehends, or interprets information based on prior learning; application, student 

selects, transfers, and uses data and principles to complete a problem 

or task with a minimum of direction; analysis, student distinguishes, classifies, and 

relates the assumptions, hypotheses, evidence, or structure of a statement or question; 

synthesis, student originates, integrates, and combines ideas into a product, plan or 

proposal that is new to him or her; evaluation, student appraises, assesses, or critiques on 

a basis of specific standards and criteria (p.1). 
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Bloom’s taxonomy was revised many years later to a matrix of six categories of cognitive 

processes (remember, understand, apply, analyze, evaluate, create) and four knowledge 

dimensions (factual, conceptual, procedural, and metacognitive). Factual knowledge is the basic 

knowledge that must be known to solve a problem. Conceptual knowledge is the knowledge of 

the fundamental systems and how they interact with each other. Procedural knowledge is the 

knowledge of the process and the sequence of such that must be completed prior to solving a 

problem. Metacognitive knowledge is the knowledge of one’s own cognition (Anderson, et al, 

2001).   

 Baxter & Glaser (1998) stated that the “the display of competence is dependent on (a) the 

cognitive proficiencies developed in the course of learning and (b) the subject-matter knowledge 

and the form of activity required to manipulate or interpret this knowledge” (p. 38). The 

cognitive proficiencies manifest themselves in what is called Cognitive Components of 

Competence. Theses cognitive components are: integrated knowledge, usable knowledge, and 

fragmented knowledge. Integrated knowledge is “knowledge that allows students to think and 

make inferences with what they know” (p. 38). Usable knowledge is what the title infers, 

knowledge that has situational utility. Fragmented knowledge is knowledge that is isolated from 

the task at hand.  

 The Learning Abilities Measurement Project (LAMP), a test development project by the 

Unites States Air Force (USAF) used to assess the learning abilities of applicants who failed to 

meet minimum standard testing requirements using a battery called the Cognitive Abilities 
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Measurement (CAM). The CAM test, used in the USAF from 1981-1998, measured cognitive 

constructs in a 6x3 matrix that used six cognitive elements developed from information 

processing theory in three subject areas: verbal, quantitative, and spatial. The cognitive 

constructs measured in these categories were working memory, processing speed, declarative 

knowledge, declarative learning, and procedural learning. Working memory is short term 

cognitive process that processes information and emotions in the immediate situation (Jha, 

Stanley, Kiyonaga, Wong, & Gelfand, 2010). Processing speed is the speed at which lower order 

cognitive tasks are completed, especially under great stress (Conway, Cowan, Bunting, 

Therriault, & Minkoff, 2002). Declarative knowledge and declarative learning refer to factual 

knowledge, and the degree to which a person can be taught factual knowledge. Procedural 

learning refers to how well a person can learn procedures on how to complete a task. (Laurence 

& Matthews, 2012). Marzano’s new taxonomy expanded Bloom’s taxonomy and reclassified the 

educational objectives into three systems (self, metacognitive, and cognitive, which determine 

how the tasks are processed) and a single knowledge domain, which determines the content 

(Marzano, 2001).  

 Despite all the revisions and expansions that have taken place over the last sixty years, 

Bloom’s taxonomy remains at the core of all cognitive learning theories, and a review of the 

latest taxonomies have determined that “Bloom's Taxonomy has proved its superiority and 

effectiveness over other methods and it could serve as a common language about learning goals.” 

(Nayef, Yaacob, and Ismail, 2013).  
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Learning theories have certainly evolved in the years since Bloom et al (1956) first 

published their taxonomy. Howard Gardner first published his book on multiple intelligences in 

1983, Frames of Mind. This book described six (and in later versions nine or more) different 

types of intelligence: linguistic intelligence, or the mastery of languages and it nuances; Musical 

Intelligence, the ability to create and appreciate rhythm, timbre, and tone; Logical – 

Mathematical Intelligence, the capacity to think abstractly and detect logical and numerical 

patterns; Bodily – Kinesthetic Intelligence, the ability to control bodily functions and master 

physical skills; Spatial Intelligence, the capacity to think visually; Personal Intelligence, the 

ability of self- awareness and to detect and respond appropriately to the moods of others 

(Gardner, 2011).  

 Other attempts at classifying knowledge include DeJong & Ferguson-Hessler (1996), 

who described four types of knowledge: situational knowledge, which is “knowledge about 

situations as they typically appear in a particular domain” (p. 106); conceptual knowledge, 

knowledge about “static knowledge about facts, concepts, and principles that apply within a 

certain domain” (p. 107); procedural knowledge, which are actions or procedures within a 

particular domain; and Strategic knowledge, or a specific set of plans and/or procedures 

necessary to solve a problem. DeJong & Ferguson-Hessler (1996) also determined that 

knowledge occurs on two cognitive levels: superficial, or surface knowledge, and deep, or 

knowledge of a higher level of cognition (DeJong & Ferguson-Hessler, 1996).  

Carson (2004), in studying different taxonomies for curriculum design (Bloom et al, 1956, 

Gardner, 2011, Hirsch, 1987, Hirst, 1973) described nine categories of knowledge: Empirical 
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knowledge, that which is learned through experience with our physical environment through our 

senses; rational knowledge, quantitative knowledge of proportion; conventional knowledge, that 

which is assigned a convention by social protocol, such as language and symbols; conceptual 

knowledge, which is an assembling of different forms of knowledge to form a pattern; cognitive 

process skills, which are meaningful processes that are used to complete particular tasks, 

psychomotor knowledge, or physical skills; affective knowledge, the “intuitive knowledge of 

one’s felt state” (p. 72); narrative knowledge, the personal human perspective of our 

environment; received knowledge, “the spiritual side of human experience and life” (p., 73). 

Many of these constructs are very similar, and some stand on their own. Lower-level cognitive 

constructs include: the knowledge dimension of Bloom et al (1956); the factual dimension of 

Anderson et al (2001); the fragmented knowledge of Baxter & Glaser (1998); the declarative 

knowledge, declarative learning, working memory, and processing speed of Laurence & 

Matthews (2010). All of these constructs involve mere rote memorization of facts, with the 

exception of Laurence & Matthews (2010) working memory and processing speed, where lower 

level cognitive facts are processed situationally. Fragmented knowledge, by contrast, is a 

collection of facts that may not be applicable to the problem being addressed. 

 Categories that are at slightly higher levels of cognition are: Bloom et al (1956) 

understand; Anderson et al (2001) conceptual; Baxter & Glaser (1998) usable knowledge; 

DeJong & Ferguson – Hessler (1996) conceptual knowledge; and Carson (2004) conceptual 

knowledge. All of these categories delineate a knowledge level that understands the interaction of 

systems and how they operate within a certain domain. 
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 Procedural categories of knowledge, or those that determine the process on how to 

accomplish tasks within a specific domain are: Bloom et al (1956) apply, Anderson et al (2001) 

procedural, Laurence & Matthews (2012) procedural learning, DeJong & Ferguson – Hessler 

(1996) procedural, and Carson (2004) cognitive process skills. 

 Bloom et al.’s (1956) analyze, Baxter & Glaser’s (1998) integrated knowledge, Gardner’s 

(1983) logical-mathematical, DeJong & Ferguson – Hessler’s (1996) strategic knowledge, and 

Carson’s (2004) rational knowledge are all defined as knowledge that demonstrates a logical 

classification of knowledge. Carson’s (2004) rational knowledge and Gardner’s (1983) logical-

mathematical knowledge are also decidedly more concerned with mathematical knowledge and 

skills than the other categories, which seem to more concerned with logical analysis. 

Gardner’s (1983) personal intelligence, and Carson’s (2004) affective knowledge, are the only 

two categories that defined the state of one’s self, although Gardner’s (1983) personal 

intelligence identified the ability to determine the state or mood of others (and how to respond), 

whereas Carson’s (2004) affective knowledge did not. Carson’s (2004) narrative knowledge also 

identified knowledge of self, but seemed more to define a constructionist epistemology of self-

constructed reality. 

 Bloom’s et al. (1956) categories of evaluate and create, as well as Anderson’s et al (2001) 

metacognitive appear to operate at the highest level of cognition, where the metacognitive level 

is a complete understanding of how we learn. While Bloom’s (1956) evaluate and create do not 

appear to aspire to that level, it does require, according to Bloom et al (1956), the highest level of 

knowledge to reach these categories. 
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 There were four categories that were not grouped with other constructs. Gardner’s (1983) 

musical intelligence and spatial intelligence were only concerned with specific subject matter: 

musical ability and the ability to think visually, respectively. Levels of cognition for these 

constructs were not determined. Carson’s (2004) conventional knowledge is that knowledge that 

is conferred upon by society, and refers to more to the epistemology of social constructivism than 

a cognitive construct. Carson’s (2004) received knowledge stands alone in that it refers to 

spiritual knowledge, which is not addressed in any other construct.  

Table 4 shows the cognitive constructs addressed here in graphical form, and color-coded to 

show those that are similar. Those with no color are dissimilar from all other constructs. 

Table 4.  

Cognitive Constructs of Differing Taxonomies. 

Bloom et 
al (1956) 
Taxonom
y 

Anderson et 
al (2001) 
Revised 
Taxonomy 

Baxter & 
Glaser 
(1998) 
Cognitive 
Proficiencies 

Laurence & 
Matthews 
(2012) 
Cognitive 
Abilities 
Measurement 

Gardner 
(1983) 
Multiple 
Intelligences 

DeJong & 
Ferguson – 
Hessler 
(1996) 

Carson 
(2004) 

Knowled
ge  

Factual  Integrated 
Knowledge 

Working 
memory 

Linguistic  Situational Empirical 

Understa
nd 
(compreh
ension)  

Conceptual Usable 
knowledge 

Processing 
speed 

Musical  Conceptual rational 

Apply Procedural Fragmented 
knowledge 

Declarative 
knowledge 

Logical-
mathematical  

Procedural Convention
al 

analyze metacognitiv
e 

 Declarative 
learning 

Bodily- 
kinesthetic  

Strategic conceptual 
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Evaluate   Procedural 
learning 

Spatial  Cognitive 
process 
skills 

Create    personal  Psychomot
or 
knowledge 

      affective 
knowledge 

      Narrative 
knowledge 

 

Assessment 

Due to the nature of technology and engineering education, assessment can be quite 

different than in core classes. Engineering design courses are more often assessed using a series 

of (or in the case of a capstone course, a single) design problem. Assessing the performance of a 

design task a teacher can not only assess the procedural and content knowledge but is able to 

gauge higher-order cognitive abilities as well (Potter, Ernst, & Glennie, 2017). In Australia, a 

sequential assessment procedure has been utilized to quantitatively assess students’ problem-

solving abilities as well as their fundamental engineering knowledge (Oehlers, 2005). This 

sequential procedure, instead of grading an engineering design task by milestones, “this 

alternative assessment procedure prioritizes (sic) in sequential order the concepts that govern the 

ability to solve problems” (Oehlers, 2005, p. 494). 

A perfect example of engineering design assessment is the assessment of engineering 

capstone courses. An engineering capstone project is the culminating project in an engineering 
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program that takes place in the final year of study. The capstone project should be designed so 

that the student demonstrates the knowledge acquired in their course of study using an authentic, 

real-world open-ended problem (Goldberg, 2006). Capstone courses can be instrumental in 

students learning to understand how engineers process problems, understand the principles of 

engineering design, as well as learn valuable skills like self-directed learning and time 

management, as well as logistical and budgetary skills (Lutz & Paretti, 2017; Howe, Rosenbauer 

& Poulos, 2017). Capstone courses can trace their roots over 150 years to the 1850’s, but they 

were scarce until the 1980’s and 90’s. Now, although data on capstone courses is not definitive, 

it can be said that some sort of capstone course is required in a majority of universities in the 

United States (Hauhart & Grahe, 2015). Most likely due to ABET requirements, the capstone 

course is a requirement in most, if not all, engineering schools. The value of the capstone course 

to engineering has not been lost on other subjects. Capstone courses are being used in all 

subjects, including, but not limited to, mathematics, nursing, and economics (Anderson, 

Knestrick & Borosso, 2014; Holly, 2013; Klein, 2013). In recent years there has been a trend 

towards interdisciplinary and multidisciplinary capstone courses. An analysis of conference 

proceedings from the American Society for Engineering Education (ASEE) for 2007 turned up 

several hundred papers that used the terms “interdisciplinary”, “multidisciplinary”, or both 

(Richter & Paretti, 2009). One purpose of capstone courses that span across disciplines is to 

better prepare students for working with people of dissimilar educational backgrounds. While 

there is little or no definitive research on cognitive gains on capstone courses involving multiple 
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disciplines, there is research that shows a gain in the employability of students involved in multi 

and interdisciplinary capstone courses (Hotaling, Fasse, Bost, Hermann, & Forest, 2012). 

While all of the examples of categorization of capstone outcomes fit their desired need, 

most of the protocols for capstone assessments are designed to fit the program of study being 

taught. Perhaps the most universal of the categorization examples that encompasses all the 

ABET outcomes for engineering programs is the four performance areas of engineering design 

by Beyerlin, et al (2006). Descriptive statements identifying performance criteria of engineering 

design were derived from identifying performance factors associated with performance area, 

identifying those qualities that were deemed to exhibit high levels of performance, and 

developing a statement that combined those factors and qualities (Davis, et al, 2006). The factors 

and qualities of the four performance criteria delineated in Davis, et al (2006) are personal 

capacity, team processes, solution requirements, and solution assets are listed in table 3. 

Table 5.  

Performance Criteria of Engineering Design. 

Performance Criteria 
Performance Factor Performance Quality 

Personal Capacity 
Demonstrate higher thinking 
and metacognitive skills by 
drawing from previous 
knowledge, effective use of 
tools and competency of 
engineering fundamentals and 
independent thinking 

Goal-driven 
Follow through 
Ongoing learning 

Team Processes 
Communication, 
collaboration, management, 
organization, decision making 
and team growth 

Continuous process 
improvement and a 
commitment to team goals 
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Solution Requirements 
Attention to perspectives of 
customer, business, 
technology, and people 

Understanding the needs and 
practicality of requirements 
for developing solution 

Solution Assets 
Proof of performance, 
profitability, feasibility, and 
impact 

Satisfaction and value of 
customer 

Note: Adapted from “A conceptual model for capstone engineering design performance and 
assessment,” by Davis, D., Beyerlein, S., Harrison, O., Thompson, P., Trevisan, M., & Mount, 
B., 2006, Proceedings of Annual Conference of American Society for Engineering Education, pp. 
6-10. Copyright 2006 by IEEE. 

 

A three phased approach to capstone assessment was proposed by Sims-Knight, 

Upchurch, Pendergrass, Meressi, & Fortier in 2003. This approach separated the assessment 

phases by knowledge dimensions: declarative knowledge, process knowledge, and metacognitive 

processes. Declarative knowledge is assessed in two dimensions: content knowledge and 

knowledge structure. Sims-Knight et al (2003) proposed using the Design Process Knowledge 

Test (DPKT) to test declarative knowledge in engineering capstone courses. The DPKT was 

developed by the University of Massachusetts at Dartmouth and is a set of close ended multiple-

choice questions that is designed to assess the students’ declarative knowledge of remembering 

and understanding, the lowest pair of levels of Bloom’s Taxonomy (Bailey & Szabo, 2007). 

Assessing process knowledge in the Sims-Knight et al (2003) application tends to be quite 

complex. The authors stated that the only effective way of assessing process knowledge is to 

have students engage in a design task, videotape it, and then rate the videotape. A time-

consuming process, the authors advocated developing a computer-based assessment also for this 

phase of the assessment protocol. Assessing the metacognitive phase would involve students’ 

self-reporting in a Likert-style survey. The validity of the DPKT was tested over the course of 
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three years and indicated that there was a significant statistical improvement after the first two 

years of study. The fourth year of study reported a slight improvement of design process 

knowledge of just over 50%. This indicates that the assessment can be used in all four years, and 

correlates with scores reported using the DPKT in a software engineering course (Sims-Knight et 

al, 2003). 

Vijayalakshmi, Padmashree, & Joshi (2013) used an assessment matrix and rubric that is 

tied to the learning objectives. The objectives were derived from the 11 ABET outcomes for 

capstone courses. Formative assessments are conducted by a process called the Continuous 

Internal Evaluation (CIE) and are conducted in equal parts by a guide, and an evaluation team 

(ET). The guide’s primary responsibility is to ensure that the team possesses adequate theoretical 

content knowledge to complete the project. The ET is in place to ensure that benchmarks are 

met, that the team understands the criteria, and to assess the contribution of each member of the 

team. A final summative assessment is conducted in three parts: a project report, a project 

demonstration, and a project presentation. An additional evaluation is made in a phase of the 

project known as the software requirement specification (SRS) phase. A rubric is provided, and 

an assessment matrix is completed for each phase outlined in the rubric. Although this model has 

been reported to improve student learning and participation among the students and the faculty, it 

is modeled for an exceedingly long (multi-semester) capstone course, and may only be 

applicable to software engineering courses.  

In a mechanical engineering curriculum, a two-semester capstone course has been 

proposed, with an assessment protocol that is a combination of assessments from the project 

Barry Potter
This is new
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coordinator and a committee, which can consist of “a representative of the client or the project 

sponsor, the coordinator, and an examiner with good technical background of the project 

subjects.” (Omar, 2014). This course also includes a Virtual Product Development (VPD) option, 

in which the development of the product is completed using CAD and simulation software. In 

addition to the deliverables stated earlier, assessment of student learning in the VPD environment 

takes place in four categories: requirement and planning, conceptualization and assessment, 

design and analysis, and prototype and delivery. The VPD concept was tested in a mechanical 

engineering capstone course and deemed successful in fulfilling the learning objectives (Omar, 

2014). 

In a Mechanical Engineering Technology (MET) curricula, a capstone course called the 

Improved Capstone (ICap) has been developed. The ICap course was conceived to provide the 

students with a more open-ended problem-solving scenario than had been previously available 

(Eppes, Milanovic, & Sweitzer, 2012). Assessment takes place in three forms: peer assessment, 

self-assessment, and individual assessment. Five skills are assessed qualitatively and 

quantitatively: “written and oral communication, information literacy, teamwork, and design 

process.” (Eppes, Milanovic, & Sweitzer, 2012, p. 7). The technical reports are sectioned off into 

the following headings: Table of Contents, Abstract, Nomenclature, Introduction, Experimental 

Setup, Procedure, Results and Discussion, Conclusion, References, and Appendices.  “Weekly 

activities performed outside and within the classroom are followed by qualitative feedback 

sessions with the instructor. Meetings with students occur on a regular basis, and specific 

thinking processes are examined using both prompting and evaluative interview styles. 
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Assessment is carried out with a rubric that measures written communication, information 

literacy, and design process scaled from 0 to 100.” (Eppes, Milanovic, & Sweitzer, 2012, p. 7). 

This approach to capstone and assessment yielded positive results to the students and faculty: 1. 

The students were self-directed and became responsible for their own learning; 2. The faculty 

members became mentors and facilitators not just instructors; 3. Education and design process 

skills were increased; 4. integration of knowledge; 5. Quality and rigor of the capstone 

experience is improved (Eppes, Milanovic, & Sweitzer, 2012). 

In another program, a Civil Engineering program, assessment takes a back seat to the 

project itself. While the assessments consist of an oral presentation, attendance and participation, 

meeting deadlines, individual project contribution, project notebook/activity sheets, project 

abstract, technical writing, comprehensive exam, and reflection essay, the researchers admit that 

much of the assessment is “subjective” and “the department is working on developing more 

objective grading criteria” (Gnanapragasam, 2008). 

Another university has made an attempt at quantifying course outcomes through 

assessments. Assessments are made in two distinct components: the design component and the 

professional component.  The design component deliverables are: Packaging Specifications and 

Design, Schematic and Hardware Design Narrative/Theory of Operation, Printed Circuit Board 

Layout, and Firmware Listing and Software Narrative. The deliverables assessed for the 

professional component are: Design Constraint Analysis and Component Selection Rationale, 

Patent Liability Analysis, Reliability and Safety Analysis, Social/Political/Environmental Product 
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Lifecycle Impact Analysis. This assessment strategy, after 5 trials, has been shown to be an 

effective assessment strategy and can promote learning (Meyer, 2005). 

Steiner, Kanai, Hsu, Alben & Gerhardt (2011) described what they termed as a “holistic” 

assessment process for engineering capstone courses. This holistic approach focuses on 

teamwork, communication, and the design process. The assessments are carried out by 

multidisciplinary teams, and are a sequential series of milestones that have an assignment for 

each milestone. The milestones and their respective assignments are: Pre-Course Assignment, an 

introductory memo and resume; Project Team Formation, various team building activities; 

Technology Background Memo, an individual research assignment; Statement of Work, a write 

up of project objectives, plans, and deliverables; Mid-term concept design review, a poster 

session design review; Progress updates, formative evaluations; and Final Design Review, where 

the team makes a lengthy presentation of their final design. This assessment system and its 

associated pedagogy has shown to reduce student complaints and increase the quality of capstone 

design projects (Steiner, Kanai, Hsu, Alben & Gerhardt, 2011). 

The Transferrable Integrated Design Engineering Education (TIDEE) consortium, a 

consortium of colleges and universities in the Pacific Northwest of the United States, developed 

a web-based assessment system for assessing engineering capstone courses. This system is 

known as the IDEALS assessment system, an acronym for Integrated Design Engineering 

Assessment and Learning System, and assesses the professional skills that mirror those of the 

professional engineer (Davis, Beyerlein, Trevisan, Thompson, Howe, Davis, McCormack, 
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Brackin, Khan & Leiffer, 2012). IDEALS is a pre-packaged web-based instructional system that 

consists of instructional materials and assessments for use in capstone engineering courses. The 

IDEALS system assesses the capstone project in three categories: professional development, 

professional responsibility, and teamwork. In the professional development category, the 

formative and summative assessments are: a professional development plan (formative), 

professional development in progress (formative), and professional development achieved 

(summative). In the professional responsibility category, the assessments are: professional 

responsibility formation (formative) and professional responsibility achieved (summative). In the 

teamwork category, the assessments are: team contract (formative), team member citizenship 

(formative), teamwork in progress (formative), and teamwork achieved (summative). 

Evaluations of the IDEALS assessment approach revealed evidence that the students acquired 

the professional skills, they valued the professional skills they obtained, the development of 

these skills enhanced their design work, and that the faculty saw value in the IDEALS modules 

(Davis, et al 2012). While the IDEALS learning system is still available online, the only 

assessments that are available are for design processes and solution assets (problem definition, 

concept selection, and proposed solution) (About IDEALS, 2016). While there has been some 

research on the IDEALS approach, no current research on the effectiveness of this web-based 

system on design processes and solution assets could be found at this time. 

The lack of detailed rubrics and assessment criteria led to the development of another 

web-based capstone assessment approach, called easyCapstone (Erradi, 2012). The assessment 

purpose of easyCapstone is to “(1) assess student’s individual achievement and assign an overall 
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project grade (2) provide detailed feedback to students so as to help them identify areas for 

improvement (3) provide raw data for documenting and evaluating the student and program 

learning outcomes.” (Erradi, 2012, p, 1346). Also aligned with ABET learning outcomes, 

easyCapstone is designed for a two-semester capstone course. 

Assessment in capstone courses can be as varied as the subject matter in which they are 

taught. Many assessment protocols are more concerned with meeting accreditation criteria than 

gauging student achievement (Catchings, 2004). Colleges and Universities across the United 

States that have capstone requirements can have assessments as varied as their geographic 

location. Some require a final written report of their capstone experiences (Rhodes & Kippenhan, 

2004), while others may emphasize communication skills (Ackerman, Fenton, & Raymond, 

2013). Project assessment, teamwork, and professionalism are all important areas that need to be 

assessed (Beyerlein, et al 2006) yet the differing pedagogies prohibit a common assessment for 

all subjects. Hauhart & Grahe (2015), in their book Designing and Teaching Undergraduate 

Capstone Courses, reported of many universities that had general education capstone 

requirements, but particularly noted that Southeast Missouri State University (SMSU) had agreed 

to categorize the capstone assessments into three criteria: “the ability to locate and gather 

information; the ability to think, reason and analyze critically; and the ability to communicate 

effectively” (Hauhart & Grahe, 2015, p., 177).  Kinzie (2013) reported on a report by Schermer 

& Gray (2012) of four liberal arts institutions’ capstone programs and agreed that the programs 

“shared a common emphasis on a culminating, sustained, independent act of research or inquiry, 
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centered in the students’ major, with a focus on critical thinking and communication skills” (p. 

29). 

Content Analysis 

Qualitative Analysis 

Qualitative content analysis emerged in the second half of the 20th century as a result of the 

search for meaning of the quantitative content analyses of the time. The process of a qualitative 

content analysis is to take large quantities of text, categorize it, and then code it into usable data. 

Qualitative content analysis is unique in that it is a systematic, it reduces the amount of data, and 

it is flexible (Schreier, 2013). It is systematic, in that it requires an exact sequence of steps to 

analyze the data. The steps in the process of a systematic content analysis are: formulating the 

research questions, selecting the sample, defining the categories, creating and implementing the 

coding process, determining reliability, and analyzing the results (Kaid, 1989). The amount of 

data is reduced by only analyzing the data that is directly related to the research question. It is 

also flexible, meaning that it is data-driven in such a way that the coding form will provide a 

description of the material that is being coded (Schreier, 2013). While this flexibility has given 

rise to a myriad of types of content analyses, it has also denied itself a definitive procedure or 

classification, other than simply calling itself quantitative.  

Hsieh & Shannon (2015) identified three approaches to content analysis: a conventional 

content analysis, a directed content analysis, and a summative content analysis. Conventional 
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content analysis is a systematic qualitative approach of data collection, categorization, and 

summary of findings. Advantages of this approach are that there are no preconceived notions 

prior to data collection, and inductive analysis drives the data. The limitations of a conventional 

content analysis are that there is a risk of failing to develop the categories necessary to develop a 

complete understanding of the data. The conventional approach can also be easily confused with 

grounded theory or phenomenology, yet both of these qualitative methods go beyond content 

analysis in developing theory (Hsieh & Shannon, 2015).  

Directed content analysis is “a directed approach to content analysis…to validate or extend 

conceptually a theoretical framework or theory” (Hsieh & Shannon, 2015, p. 1281). The 

procedure of a directed approach is different from the conventional approach in that the 

categories, and sometimes the codes, are predetermined. A directed approach is primarily used to 

support a preexisting theory. Directed content analysis can conducted in one of two ways. The 

first approach is to identify all data that fit a particular category or phenomenon, and then code 

those passages. The second approach in a directed content analysis is to code the data with 

predetermined codes.  The passages that do not fit in with the predetermined codes can be coded 

into a subcategory. The advantage of using a directed content analysis is that it can be used to 

supplement or bolster a pre-existing theory. The disadvantages are, that due to an inherent bias, 

the researcher may be less likely to find unsupporting data in the transcripts than data that 

supports the research question. In order to prevent this bias, additional work of an auditing 

process must be utilized (Hsie & Shannon, 2015).  
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A summative content analysis a quantitative tally of frequency counts of certain words to 

determine the context. “This quantification is an attempt not to infer meaning but, rather, to 

explore usage” (Hsieh & Shannon, 2015, p. 1284). A summative content analysis can be used to 

determine the underlying meaning of certain or similar terms and has been used in determining 

content in manuscripts and textbooks. While a summative analysis can be an inconspicuous way 

of studying a phenomenon, it is also limited in its interpretation of the data, as it can easily miss 

any broader concepts hidden within the data (Hsie & Shannon, 2016). 

Qualitative content analysis may also be either deductive or inductive. A deductive content 

analysis is used when the study is being done to reinforce a previous or long held theory, when 

there is an ample amount of previous knowledge. When there is not a large amount of previous 

knowledge, an inductive content analysis can be done, and the categories are derived from the 

data (Elo & Kyngas, 2008).  

Directed Qualitative Content Analysis 

Directed content analyses allow for the focus to be on the data that supports a theory 

(Clay, HaySmith, Treharne, & Milosavljevic, 2015), and has been used in research in such 

diverse subjects as law enforcement (Howes, 2014), agriculture (Clay, HaySmith, Treharne, & 

Milosavljevic, 2015), medicine (Gülchü & Bulut, 2010), as well as education (Seker & Guney, 

2012). In analyzing assessment items from a K-12 Technology and Engineering Education 

course, a directed content analysis could analyze the assessment to determine its alignment with 

technology and engineering content and constructs. “Deductive category application works with 
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prior formulated, theoretical derived aspects of analysis, bringing them in connection with the 

text.” (Mayring, 2000, p.4.2).  All content analyses, regardless of being inductive or deductive, 

contain three basic phases: preparation, organizing, and reporting. The preparation phase 

involves the categorization and development of a categorization matrix, which delineate three 

categories: main categories, generic categories, and subcategories (Elo & Kyngas, 2008). Figure 

1 shows an example categorization matrix exemplified by Elo & Kyngas (2008) for this study. 
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The generic categories (constructs) were determined by Childress & Rhodes (2008), and the 

subcategories determined by Wilhelmsen & Dixon (2016). 

Figure 1.  

Example of a Categorization Matrix. 

 

 

(Elo & Kyngas, 2008, p. 110) 

Categorization in a directed content analysis is in two domains, content and construct. In 

a directed content analysis, the data collection can be twofold: the coding of the assessment 
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items, and interviews and/or surveys to teachers of the material. While a directed content 

analysis will determine assessment alignment to learning objectives, teacher interviews lead to a 

better understanding of the constructs with open-ended questions (Hsieh & Shannon, 2005). 

Data that is categorized in a 77575 can be used to support the existing theory from which 

the categories were first made. Examples of codes can be used to offer descriptive supporting 

evidence. Data that could not be categorized can be used to either further enhance the underlying 

theory, or to provide a basis for lack of support for that theory. Quantitative frequency counts can 

be used as well to provide further evidence of uncategorized data (Hsieh & Shannon, 2005). 

Qualitative data in a directed content analysis can be used to prove, or show further evidence of 

the underlying theory. Uncategorized data, as well as the lack of data in certain categories, can 

show that the assessment does not support the underlying theory. 

In a directed content analysis, the strengths are in its direct approach - that the data is 

used to support and possibly extend theoretical assumptions in a new context (Andersson, 

Sjöström‐Strand, Willman, & Borglin, 2015). A directed content analysis tends also to take less 

time – the researcher is not possessed of the naiveté of what could come of an inductive content 

analysis, and therefore does not have to create categories from the data (Hsieh & Shannon, 

2008). Some of the likely issues that are in a directed content analysis are, since it is directed to 

support a pre-existing theory, that that inherent bias could tend to find more supportive data, and 

overlook unsupportive data in during data collection. Also, if the data collection involves 

interviews, there is a chance that that same bias could tend to steer questions that support the 
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theoretical assumptions in the categories. To maintain neutrality, extra work in having the 

questions audited beforehand may be necessary (Hsieh & Shannon, 2005). 

Mixed Method Case Study Content Analysis 

Mixed methods research can be characterized as research in which the researcher 

collects, analyzes, and integrates both qualitative and quantitative data. One (or both) forms of 

the data are prioritized. The qualitative and quantitative procedures are combined into a research 

design that directs the plan for the study Creswell & Plano Clark 2011). Mixed methods can 

trace its heritage back to the 1950’s and rooted in psychology and sociology. Currently, mixed 

methods research has been touted as a separate methodology for conducting research. A mixed 

method research design can take six different forms: a convergent parallel design, an explanatory 

sequential design, an exploratory sequential design, an embedded design, a transformative 

design, or a multiphase design (Creswell & Plano Clark, 2011). A convergent parallel design is a 

design where the quantitative and qualitative data collection is conducted concurrently, and the 

mixing occurs during the interpretation of the results. In an explanatory sequential design, the 

emphasis is on the quantitative phase, which occurs first, and the qualitative phase follows and 

serves to further explain the quantitative results. By contrast, an exploratory sequential mixed 

methods design emphasizes the qualitative phase, which occurs first in the process. After the 

qualitative phase, “the researcher conducts a second, quantitative phase to test or generalize the 

initial findings” (Creswell & Plano Clark, 2011, p. 71). Embedded mixed designs are utilized 

when a single source of data is not enough to answer the research questions. Qualitative data 

collection may be embedded in the quantitative phase, and vice versa. Embedded designs may 
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consist of case studies, ethnography, narrative research, where quantitative data is embedded in a 

traditional qualitative research design. Transformative mixed method design may be either of a 

quantitative or qualitative emphasis, where the mixing occurs within the context of 

transformative theoretical framework. A multiphase mixed method research design can be 

sequential, concurrent, or both, and occurs in multiple phases over a period of time. Examples of 

a multiphase design could be evaluation of a course of study involving qualitative and 

quantitative data (Creswell & Plano Clark, 2011).  

A case study is an in-depth research process in which the case is studied over a certain 

period of time. Yin stated that a case study is “an empirical inquiry that investigates a 

contemporary phenomenon within its real-life context” (as cited by Woodside, 2010, p. 1). Tellis 

(1997) stated that Yin had identified three types of case studies: exploratory, explanatory, and 

descriptive; and that Stake had identified three more: intrinsic, instrumental, and collective. An 

exploratory case study investigates a phenomenon that is not widely known or researched and is 

often used as a precursor to a longer, more involved study (Mills, Durepos & Wiebe, 2010). 

Explanatory case studies involve both qualitative and quantitative methods that are used to 

explain complex phenomena that may not be readily explained by quantitative methods alone 

(Mills, Durepos & Wiebe, 2010). Descriptive case studies “require a descriptive theory to be 

developed before starting the project” (Woodside, 2010, p. 1). Woodside (2010) defined Stake’s 

classifications of case studies as “Intrinsic - when the researcher has an interest in the 

case; Instrumental - when the case is used to understand more than what is obvious to the 

observer; Collective - when a group of cases is studied” (p. 1). In this type of study, assessment 
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items could be compared to see what, if any, Technology and Engineering Education content and 

constructs are contained in the items. Additionally, learning objectives could be reviewed and 

compared with the stated content standards, as well as Technology and Engineering Education 

constructs. The mixing will occur when these qualitative results are compared with the 

quantitative frequency counts to determine if these counts support the qualitative data. 

The advantage to this type of study is that the quantitative results can be used to support 

evidence that was discovered in the qualitative phase. A disadvantage is that given a supporting 

theory, there is always the chance that a bias could possibly skew the results towards a 

conclusion that favors the underlying theory. 

Mixed Method Content Analysis 

A third content analysis that can be done is a mixed methods content analysis that mirrors 

the study that Incikabi (2012) completed on the comparison between the TIMMS and SBS item 

questions. A similar research method could be utilized for a study of the assessment items for 

Technology and Engineering Education. As in the previous studies, the assessment items will be 

compared with the constructs that were determined in Childress & Rhodes (2008), as well as the 

content and any constructs that are present in the standards-based learning objectives. The 

quantitative phase of the study would be to quantify the times that a certain content or construct 

was used in an assessment item. This would determine what content and/or construct emphasis, 

if any, was apparent in the assessment items, and if there was any content or constructs that were 

obviously missing.  
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Comparisons can be made between the learning objectives and the content and construct 

domains of the stated standards, as well as the constructs that are outlined in Childress & Rhodes 

(2008). Data from the qualitative analysis of the assessment items, as well as the distributions of 

content and construct related terms to determine their support of the qualitative data can also be 

discussed (Incikabi, 2012). Mixing would occur in this phase, during interpretation, to 

understand what was learned by comparing, contrasting, and synthesizing the results from the 

qualitative and quantitative studies (Creswell & Plano Clark, 2011). 

As with any deductive content analysis, care must be taken to ensure that any inherent 

bias cannot influence the study, as much as possible. This can be accomplished by being 

completely transparent as far as data coding and analysis are concerned, and that a detailed 

description of the coding and analysis procedure is stated (Drisko & Maschi, 2005).  The benefits 

of using this type of unobtrusive research method is that evidence can be found as to what the 

assessment actually assess, not what the curriculum developers say they assess (Blackstone, 

2012). There is no effect by the researchers on the subjects due to physical presence during 

interviews, also known as the Hawthorne Effect. Other benefits can be lower cost, easier to 

correct mistakes, and is well suited for researching historical processes, or those that occur over a 

period of time (Blackstone, 2012).  Blackstone (2012) stated that the weaknesses of any 

unobtrusive research is that “1. There may be potential problems with validity. 2. The topics or 

questions that can be investigated are limited by data availability. 3. It can be difficult to see or 

account for social context.” (p. 293).  

  



 

 

 

57 

 

CHAPTER THREE: METHODOLOGY 

Introduction 

Technology and Engineering Education comes with the mindset that students learn by 

doing – that higher order cognition is achieved by creating, by applying the knowledge and skills 

learned and creating an artifact. Many cognitive psychological taxonomies will also readily 

support the claim that the creation of an artifact supports the notion of “learning by doing”. 

However, Technology and Engineering Education educators lack a reliable instrument that can 

be used to assess these artifacts at a cognitive level.  The purpose of this study was to determine 

whether Technology and Engineering Education assessments were assessing across all levels of 

cognition, and which Engineering Constructs supported higher levels of cognition. A content 

Analysis of performance categories of six different Technology and Engineering Education 

Rubrics that were used in Virginia middle schools were analyzed by a panel of five raters, each 

of which were active Technology and Engineering Education teachers with a minimum of five 

years’ teaching experience. Cognitive levels were based upon a study used to determine 

cognitive levels in the assessment used for the Trends in International Mathematics and Science 

Study (TIMSS) by Li and Shavelson in 2001. Engineering Constructs were based upon a study 

that used a modified Delphi technique to identify engineering constructs that were deemed 

essential for a K-12 technology and engineering program in grades 9-12 (Childress & Rhodes, 

2008). 
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Research Questions 

This study was guided by four research questions that seeked to determine whether 

Virginia middle school Technology and Engineering Education rubrics were assessing across all 

cognitive levels, and which Engineering Constructs supported higher level cognitive learning. 

Six rubrics, with 23 performance criteria, and 98 performance indicators were collected from 

middle school Technology and Engineering Education teachers in Virginia. The performance 

criteria were rated for Engineering Constructs, and the performance indicators were rated for 

levels of cognition. 

These are the research questions: 

1. Are Technology and Engineering Education assessment rubrics adequately 

assessing higher order cognitive skills (schematic and strategic knowledge)? 

2. Which performance indicators assess higher order cognitive skills? 

3. Which performance criteria assess higher order cognitive skills? 

4. Which Engineering Constructs support higher order cognitive skills? 

Procedure 

The procedure was written and approved by the researcher’s dissertation committee. A 

request was made to the Virginia Tech Institutional Review Board (IRB) to proceed with this 

research. The researcher was granted an exemption from the Virginia Tech IRB for application 

#19-354 on July 20, 2019. Due to a change in committee members, an amendment to the IRB 

application was made in August of 2020, and was granted on August 4, 2020. The letters of 

exemption can be seen in Appendix A.  
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An initial request for middle school Technology and Engineering Education rubrics was 

made through the state Technology Education coordinator and placed on the state listserv for all 

middle school teachers in Virginia (see Appendix B). A second request was made through the 

Virginia Technology and Engineering Education Association. Requests were open and repeated 

weekly for approximately one month, and at one-month intervals until a sufficient number of 

rubrics were collected. A minimum of 5 rubrics with 5 performance criteria (or a sufficient 

number of rubrics that equals approximately 25 performance criteria; typical rubrics have at least 

3 performance indicators per performance criterion, therefore the number of performance 

indicators will be n>75) was deemed to be sufficient. Six rubrics total were collected with 23 

performance criteria, and 98 performance indicators. 

Raters were briefed on the nature of the research and trained on identifying engineering and 

cognitive constructs for this study. Three webinars were held (with two, two, and one person 

attending, respectively) through the Zoom platform for in depth procedural training of the raters. 

Copies of Childress & Rhodes Engineering student outcomes for grades 9-12 (2008), Wilhemson 

& Dixon’s Identifying Indicators Related to Constructs for Engineering Design Outcome (2016), 

and Li & Shavelson’s Using TIMSS items to examine the links between science achievement and 

assessment methods (2016) were provided to the raters for reference. During this training, the 

raters were shown a PowerPoint presentation explaining the process, and then given ten example 

performance indicators (see Appendix C). After discussion of the examples, two sample 

questionnaires, with twenty-one and sixteen questions, respectively, were given to each rater 
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(Appendix D).  After the rater completed each questionnaire, discussions were held in depth 

about each question and why they chose the cognitive level for each question.  

The rubrics were combined, and a list of all performance criteria was be compiled. (See 

table 9 for rubric example). Each performance criterion was separated into performance 

indicators for each level of performance. A list of the performance criteria and the performance 

indicators can be found in Appendix E. 

Table 6. 

 Rubric Example. 

Score 4 3 2 1 
Performance 
Criterion 1 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Criterion 3 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Criterion 3 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Indicator 

Performance 
Indicator 

 

The raters were given a list of the performance criteria and performance indicators for each 

performance criterion. Each rater independently assigned a cognitive construct (declarative, 

procedural, schematic, or strategic) to each performance indicator. Raters assigned an 

Engineering construct (Childress & Rhodes, 2008) to each performance criterion, using the Key 

Indicators for Engineering Constructs (Wilhemson & Dixon, 2016) as a guideline. Raters then 

recorded their answers in a Qualtrics survey (see fig. 1). Ratings for each performance indicator 

were discussed with the raters and arbitrated until a consensus was met to determine an 

acceptable level of inter-rater reliability. There were, however, seven performance indicators that 
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the raters were unable to reach a consensus. Appendix F shows the results of the performance 

indicator scoring. Performance Criteria were assigned the Engineering Construct that was scored 

the most often in each criterion (central tendency). The mode was used  to determine the 

engineering construct because “it is the only measure of central tendency that can accurately 

describe nominal data” (Jankowski, 2015). The mode in a nominal data set is also  statistically 

identifiable and does not need to be accompanied by a measure of dispersion (Dimitriadis, 

Patton, & Schmidt, 2019). Using the mode does not have to be accompanied by a measure of 

dispersion: ” Because the mode represents the most frequently occurring value, it does not need 

to be accompanied by a measure of dispersion. If we use the mode, we have decided that the 

most frequent value in our data is the best representation of the entire data set, and therefore as a 

measure of dispersion it is not really helpful” (Schindler, 2015, p. 31). If there were more than 

one engineering construct that appeared equally, both constructs were assigned to that criteria. 

Appendix G shows the results of the assignation of Engineering Constructs to Performance 

Criteria. 

Inter-rater Reliability 

A call for raters was made through the Virginia Technology & Engineering Education 

Association (VTEEA), VTEEA is the “professional organization for technology, innovation, 

design, and engineering educators” (ITEEA, 2019) for the Commonwealth of Virginia. Raters 

were required to be current Technology Education teachers and have at least 5 years’ teaching 

experience. Raters should all be of a similar background so they will similarly follow the 

instructions and ensure a high reliability (Krippendorff, 2004; Peter & Lauf, 2002). 



 

 

 

62 

 

Rater one was a longstanding Technology and Engineering Education Teacher at a middle 

school in southeastern Virginia, with more than 30 years’ experience in the classroom. This rater 

was a past President of VTEEA, and has earned the Distinguished Technology Educator (DTE) 

distinction from ITEEA. Rater one holds a Bachelor of Science degree in Industrial Arts 

Education from the University of Norther Iowa and a  Master of Science in Education 

Supervision and Administration from Old Dominion University Rater two was a Technology and 

Engineering teacher at a high school in Central Virginia, and also the CTE Department Chair. At 

the time this research was being done, this rater completed National Board Certification (NBCT) 

in Career and Technical Education (CTE). Rater two has a Bachelor of Science in Engineering 

Science and Mechanics and a Master of Science in Engineering Mechanics from Virginia Tech. 

Rater three was the lead Project Lead the Way Pre-Engineering Teacher at a High School in 

Southeastern Virginia, with 18 years’ experience. Rater two was named ITEEA’s Teacher of the 

Year in 2017. Rater three has more than 30 years’ experience teaching Technology and 

Engineering Education, and is the Career and Technical Education Department Chair at an inner-

city High School in Southeastern Virginia. Rater four is a Technology and Engineering 

Education Teacher at a middle school in Central Virginia. Rater four has 8 years’ experience 

teaching Technology and Engineering Education and holds a Bachelor of Arts and a Master of 

Arts in Teaching from Virginia Commonwealth University. 

Interrater reliability was calculated for the performance indicators using two different 

measures: Gwet’s AC1, and simple agreement. Gwet’s AC1 was used instead of other reliability 

calculations, due to a greater stability. Other reliability calculations have a tendency under 
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multiple raters to show higher levels of percent agreement than the calculated reliability index 

(Feng, 2014; McAlister, et al, 2017; Zhao, Liu & Deng, 2013; Zhao et al, 2018; Wongpakara, 

Wongpakaran, Wedding & Gwet, 2013;Lacy, Watson, Riffle & Lovejoy, 2015). Acceptable 

value of AC1 for categorical data is considered good if at least 0.6 and near perfect if greater 

than 0.8 (Landis & Koch, 1977; Fleiss & Cuzick, 1979).  

Gwet’s AC1 is calculated using the following formula (Viswanathan, M., & Berkman, N. 

D.,2012, Appendix A): 

AC1=pa−peγ1−peγ, 

where pa is the overall agreement probability including by chance or not by chance, and Peγ is 

the  

chance-agreement probability. Their computation formulas are as follows: 

pa=1n∑ni=1{∑Qq=1riq(riq−1)r(r−1)}peγ=1Q−1∑Qq=1πq(1−πq)πq=1n∑ni=1riqr, 

where i is the number of studies rated, q is the number of categories in the rating scale, 

riq is the number of raters who classified the ith studies into the qth category, 

r is the total number of raters, and 

πq is the probability that a rater classifies an study into categories q and computed as follows 

Initial calculations revealed less than sufficient inter-rater reliability levels (below 0.6) and 

discussions were held for those questions that revealed a level of disagreement. The raters could 
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not reach an agreement on seven of the 98 performance indicators, revealing a Gwet’s AC1 value 

of 0.657, and a simple agreement of 0.733 which is considered good. Without those  disputed 

performance indicators, the Gwet’s AC1 value of the 91 resulting performance indicators 

resulted in a Gwet’s AC1 value of 0.967, and a simple agreement of 0.973, which is considered 

near perfect (Landis & Koch, 1977; Fleiss & Cuzick, 1979). The calculations were completed 

using a reliability calculator called agreestat360, which is “An Excel-based application for 

performing advanced statistical analysis of the extent of agreement among multiple raters” 

(Gwet, n.d). An online version of the agreestat calculator, agreests360.com, was also used to 

verify the results. The following table shows the printout of the results: 

Table 7.  

Inter-Rater Reliability. 

Method 
 

Coeff 
 

StdErr 
 

95% C.I. 
 

P−Value 
 

AC1 
 

0.658 
 

0.135 
 

(0.368,0.947) 
 

2.456e−04 
 

Percent 
Agreement 
 

0.733 
 

0.101 
 

(0.517,0.95) 
 

4.058e−06 
 

Method 
 

Coeff 
 

StdErr 
 

95% C.I. 
 

P−Value 
 

AC1 
 

0.967 
 

0.033 
 

(0.896,1) 
 

5.951e−14 
 

Percent 
Agreement 
 

0.973 0.027 
 

(0.916,1) 
 

2.665e−15 
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Data Analysis 

Data Analysis was conducted addressing the following items: Cognitive 

constructs of performance indicators; Engineering constructs of performance criteria, and a 

compilation of the content analysis. Cognitive constructs of performance indicators are shown in 

table 8. 

Table 8.  

Cognitive Constructs of Performance Indicators. 

Q Declarative Procedural Schematic Strategic NC 
1-1         1 
1-2         1 
1-3   1       
1-4         1 
2-1 1         
2-2         1 
2-3         1 
2-4 1         
3-1 1         
3-2 1         
3-3 1         
3-4 1         
4-1       1   
4-2       1   
4-3       1   
4-4       1   
5-1       1   
5-2       1   
5-3     1     
5-4       1   
6-1 1         
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6-2 1         
6-3 1         
7-1       1   
7-2   1       
7-3 1         
8-1       1   
8-2   1       
8-3 1         
9-1       1   
9-2 1         
9-3   1       
10-1       1   
10-2   1       
10-3 1         
11-1       1   
11-2       1   
11-3       1   
12-1 1         
12-2 1         
12-3 1         
12-4 1         
12-5 1         
13-1 1         
13-2 1         
13-3 1         
13-4 1         
13-5 1         
14-1 1         
14-2 1         
14-3 1         
14-4 1         
14-5 1         
15-1 1         
15-2 1         
15-3 1         
15-4 1         
15-5 1         
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16-1 1         
16-2 1         
16-3 1         
16-4 1         
16-5 1         
17-1       1   
17-2       1   
17-3   1       
17-4       1   
17-5       1   
18-1       1   
18-2       1   
18-3   1       
18-4 1         
18-5   1       
19-1       1   
19-2       1   
19-3       1   
19-4       1   
19-5       1   
20-1 1         
20-2   1       
20-3   1       
30-4         1 
20-5         1 
21-1       1   
21-2       1   
21-3       1   
21-4       1   
21-5       1   
22-1       1   
22-2       1   
22-3   1       
22-4       1   
22-5       1   
23-1 1         
23-2 1         
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23-3 1         
23-4 1         
23-5   1       

 

 A table of each performance criterion, with its associated performance indicators and their 

prospective cognitive constructs was created (see Appendix H). 

A tabulation of the totals of  all cognitive constructs (table 9); and a list of which performance 

indicators and what engineering construct it supports was created (Appendix I).  

Table 9:  

Totals of all Cognitive Constructs. 
 

   Declarative Procedural Schematic Strategic NC 
Totals 44 12 1 34 7 

 

Engineering constructs of performance criteria consisted of a table of what performance criteria 

was assigned to which engineering construct (table 10) and, from table 11, a list of which 

Engineering construct supports which cognitive construct.  

Table 10.  

Performance Criteria and Engineering Constructs 

Performance Criteria Engineering Construct 
1 Modification/Testing Engineering Communication  
2  Engineering  Portfolio - Content Engineering Communication  
3 Engineering Portfolio -  Appearance Engineering Communication  
4 Construction Application of Engineering Design 
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5 Function Application of Engineering Design 
6 Design Process  (Worksheet)  Engineering Design Concepts 
7 Programming Engineering Science 
8 Use of Sensors Application of Engineering Design 
9 Points Earned Engineering Analysis 
10 Participation Application of Engineering Design 
  Engineering & Human Values 
11 Clean Up Engineering & Human Values 
12 Definitions Engineering  Design Concepts 
13 Brainstorming Engineering Communication  
   Engineering Design Concepts 
14 Iterations Engineering Communication  
   Engineering Design Concepts 
15 Design of 3D model-using software  Engineering Design Concepts 
16 Vocabulary Engineering Communication  
17 Use of Materials  Engineering Design Concepts 
  Engineering Science 
18 Participation Engineering Communication  
  Application of Engineering Design 
19 Distance Traveled Engineering Analysis 
20 Plan and Design of Pattern  Engineering Design Concepts 
21 Construction Care Taken Application of Engineering Design 
22 Assembly  Engineering Design Concepts 
23 Work Effort Engineering & Human Values 

 

Table 11.  

Engineering Constructs and Cognitive Constructs. 

  D P Sch Str Total 

Engineering Constructs           
Engineering & Human Values 1 5 2 0 4 11 
Engineering Communication 2 22 3 0 2 27 
Application of Engineering Design 3 3 3 2 11 38 
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Engineering Design Concepts 4 23 4 0 10 37 
Engineering Analysis 5 1 1 0 11 13 
Engineering Science 6 1 1 1 5 8 

 

Content Analysis 

98 performance indicators were analyzed. Seven performance indicators could not be analyzed 

for cognitive constructs due to the raters not being able to come to a consensus. The 91 

performance indicators that were analyzed were each assigned a cognitive construct of 

declarative, procedural, schematic, or strategic. Forty-four of the 91 performance indicators that 

were assigned a construct were determined to be declarative (48.35%), twelve were determined 

to be procedural (13.19%), one was determined to be schematic (1.10%), and thirty-four were 

determined to be strategic (37.36%). Seven of the performance indicators (7.14%) rated were not 

assigned a construct due to the raters not being able to reach an agreement on the cognitive 

construct represented (see table 12). 

Table 12.  

Performance Indicator Cognitive Construct Totals 

  Declarative Procedural Schematic Strategic Not 
Classified 

Totals 44 12 1 34 7 
% 48.35 13.19 1.10 37.36 7.14 
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Researcher Stance 

 At the time this study was conducted, the researcher was a middle school 

Technology and Engineering Education teacher at a public middle school in Virginia, and has 

worked in four different school districts throughout Virginia since 2006. The researcher has been 

an active member of the Virginia Technology and Engineering Education Association (VTEEA) 

and the International Technology and Engineering Education Association (ITEEA), the state and 

local professional associations for Technology and Engineering Education professionals. The 

researcher is also the research committee chair for the VTEEA. VTEEA and ITEEA are 

organizations that are open to all professionals, regardless of teaching status. At no time did the 

researcher use information that was not available to all members of VTEEA and/or ITEEA. 

 Having been a Technology and Engineering Education throughout Virginia for 

over a decade, the researcher was familiar with the subject matter contained in the rubrics. To 

avoid research bias, the researcher himself did not rate the rubrics, except for the examples and 

sample questions that were given to the raters during training. The researcher did not use any 

rubrics that were created by himself, nor any rubrics that originated in the school district in 

which he taught at the time of the research. Rubrics were collected and combined with no 

identifying information, only that they came from Technology and Engineering teachers in 

Virginia. The researcher also had worked in the same school district as two of the raters, 

although not in the same school, and left that district in 2009, ten years before the rubrics were 

collected. The researcher has no relationship with three of the raters, and had never met the raters 

prior to recruiting them for this research project. 
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Summary 

This study was developed to determine whether Technology and Engineering Education 

Assessments were assessing at all levels of cognition. Five raters assigned cognitive levels to the 

performance indicators of  rubrics collected from Technology and Engineering Education 

teachers in Virginia. Four cognitive levels (declarative, procedural, schematic, and strategic) 

were used based on the taxonomy that was used to determine cognitive levels in the TIMSS test 

(Li & Shavelson, 2001). Gwet’s AC1 was used to determine inter-rater reliability. In addition, 

Engineering Constructs were assigned to the rubrics’ performance criteria, based on six of the 

seven Engineering Constructs defined in a modified Delphi study by Childress & Rhodes (2008). 

The central tendency of the Engineering Constructs in the performance criteria were identified, 

and the resulting cognitive constructs were tabulated, identifying which Engineering construct 

supported what cognitive constructs. 

This chapter explained the methodology for this study, and the research questions that 

guided it. It detailed how raters were recruited and identified. The process of training the raters 

was outlined, and examples of cognitive constructs should be assigned were given.  The process 

of the collection of rubrics was discussed, as well as the details of data collection. Chapter 4 will 

present the findings of the data collected.  
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CHAPTER 4: RESULTS 

Purpose of the Study 

The purpose of this study was to determine whether Technology  and Engineering 

Education assessments were assessing higher levels  of  cognition, and what Engineering 

Constructs supported higher cognitive levels  of learning. The sample for this study was several 

rubrics that were collected from middle school teachers in public schools in Virginia. Five 

Technology and Engineering Education teachers with a minimum of 5 years’ experience 

teaching rated the performance indicators for levels of cognition, and the performance criteria for 

engineering constructs. The cognitive constructs assigned to the performance indicators were 

extrapolated to the engineering constructs assigned to the performance criteria to determine 

which engineering constructs supported higher levels of cognition. Inter-rater reliability of the 

five raters was calculated. This chapter includes a description of the data collection, 

instrumentation, data assessment, data analysis, and a summary. 

Data Collection 

An initial request for middle school Technology and Engineering Education rubrics was 

made through the Virginia Technology Education coordinator and placed on the state listserv for 

all middle school teachers in Virginia. A second request was made through the Virginia 

Technology and Engineering Education Association. Requests were held open and repeated 

weekly for approximately one month until a sufficient number of rubrics were collected. Six 

rubrics were collected with a total of  twenty-three performance criteria and ninety-eight 
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performance indicators. The rubrics were combined into one document listing the performance 

criteria and their  respective performance indicators (Appendix A). The performance criteria and 

performance indicators were separated and placed into a Qualtrics survey. The survey consisted 

of two parts, the first part being the twenty-three performance criteria. Personnel who took  the 

survey were asked to assign one of six engineering constructs to each performance indicator, 

based upon six of the seven constructs defined in Childress & Rhodes modified Delphi study of 

Engineering Student Outcomes (2008). The six engineering constructs were: 

1. Engineering Design 

2. Application of Engineering Design 

3. Engineering Analysis 

4. Engineering and Human Values 

5. Engineering Communication 

6. Engineering Science 

The seventh construct that was defined by Childress  & Rhodes (2008) was Nanotechnology, 

which was not applicable to this study. An in depth look at the Virginia middle school 

Technology Education curricula as listed in cteresource.org found no middle school course 

competencies that addressed nanotechnology (Virginia’s CTE Resource Center – Career and 

Technical Education, n.d.). Ninety-eight performance indicators were listed in the second section 

of the Qualtrics survey. Survey respondents were asked to assign one of four cognitive constructs 

to each performance indicator based upon a previous cognitive analysis  of the Trend in 
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International Mathematics and Science Study (TIMSS) test (Li & Shavelson, 2001). The four 

cognitive constructs were: 

1. Declarative Knowledge 

2. Procedural Knowledge 

3. Schematic Knowledge 

4. Strategic Knowledge 

Declarative knowledge is rote knowledge that is demonstrated in the recitation of facts, 

definitions, and descriptions.  Procedural knowledge is the knowledge of the sequence of 

tasks that are needed to achieve a certain goal. Schematic knowledge is the knowledge 

needed to troubleshoot, interpret, explain, and predict outcomes of systems. Strategic 

knowledge is a metacognitive knowledge; in simplest terms, strategic knowledge is knowing 

what you do not know. These cognitive  constructs of declarative, procedural, schematic, and 

strategic are considered hierarchical, respectively; that is, procedural being considered the 

lowest form of  cognition, followed by  procedural, schematic, and strategic, which is 

considered the highest form of cognition. A  higher level of cognition means a more complex 

cognitive process was involved. (Li & Shavelson, 2001).  An example of the Qualtrics survey 

can be seen in Figure 2.  
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Figure 2.  

Qualtrics Survey 

 

Data Assessment  

This study utilized a directed content analysis approach to analyze the data. A directed 

content analysis uses predetermined codes to validate or support an existing theory (Howes, 

2014). This study used two sets of predetermined codes, engineering constructs and cognitive 

constructs. Performance criteria were coded for engineering constructs and performance 

indicators were coded for cognitive constructs. Five raters were utilized, each rater being an 

experienced Technology and Engineering Education teacher with more than five years’ 

experience in the classroom. Training was held for  the raters and Copies of Childress & Rhodes 
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Engineering student outcomes for grades 9-12 (2008), Wilhemson & Dixon’s Identifying 

Indicators Related to Constructs for Engineering Design Outcome (2016), and Li & Shavelson’s 

Using TIMSS items to examine the links between science achievement and assessment methods 

(2016) were provided to the raters for reference. Examples were shown in a PowerPoint 

presentation (Appendix D). Two practice surveys were completed during the training webinar 

(Appendices F and G) and discussion of the answers was held until the researcher and the rater 

agreed to a satisfactory level of understanding of the study. The raters were asked to complete a 

Qualtrics survey to assign an engineering construct to each performance criteria and a cognitive 

construct to each performance indicator. Disagreements in performance indicators were 

discussed and arbitrated until a consensus was reached. Of the 98 performance indicators coded, 

a consensus was unable to be reached on seven performance indicators. 

Inter-rater Reliability 

Two forms of calculations were used to determine inter-rater reliability, Gwet’s AC1 and 

simple agreement. Calculations were completed using Agreestat360, and Excel-based statistical 

program, and verified using the online version of Agreestat, Agreestat360.com. Agreestat360 

and Agreestat360.com reliability indicators were identical. Reliability calculations revealed 

reliability coefficients of  0.658 (AC1) and 0.733(percent agreement), which is considered good. 

When the seven questions that the raters could not agree on were removed, the reliability 

coefficients were calculated to be 0.967 (AC1) and 0.973 (percent agreement), which is 

considered to be near perfect. Table 13 shows the output from the Agreestat programs. 
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Table 13.  

Inter-Rater Reliability. 

Method 
 

Coeff 
 

StdErr 
 

95% C.I. 
 

P−Value 
 

AC1 
 

0.658 
 

0.135 
 

(0.368,0.947) 
 

2.456e−04 
 

Percent 
Agreement 
 

0.733 
 

0.101 
 

(0.517,0.95) 
 

4.058e−06 
 

Method 
 

Coeff 
 

StdErr 
 

95% C.I. 
 

P−Value 
 

AC1 
 

0.967 
 

0.033 
 

(0.896,1) 
 

5.951e−14 
 

Percent 
Agreement 
 

0.973 0.027 
 

(0.916,1) 
 

2.665e−15 

 

Assignation of Constructs 

 Section one of the Qualtrics survey asked the raters to assign one of six 

engineering constructs (as defined in Childress & Rhodes, 2008) to each of the 23 performance 

criteria collected. For each performance indicator, the central tendency was determined by the 

most often occurring (mode) engineering construct chose. In the even that there was a bimodal 

central tendency, both constructs were assigned to the performance criterion. Appendix B shows 

the performance indicators and the engineering constructs that were coded. The amount and 

percentage of engineering constructs that appeared in the performance criteria were recorded. 

Section two of the Qualtrics Survey assigned cognitive constructs to the performance 

indicators. Initial results revealed an unacceptable level of reliability, so discussions and 
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arbitrations were held until a consensus was reached. A consensus was not reached on seven of 

the performance indicators, however, the Gwet’s AC1 and percent agreement still calculated 

acceptable levels of reliability indices (0.658 and 0.733, respectively). Omitting the seven 

performance indicators in disagreement calculated near-perfect reliability calculations (0.967, 

0.973). The amount and percentage of cognitive constructs  that appeared in the performance 

criteria were recorded. 

Each performance indicator was represented by a performance criterion. The questions in 

the Qualtrics survey were numbered to represent that relationship; performance criterion 1 has 5 

performance indicators’ 1-1, 1-2, 1-3, 1-4, 1-5; performance criterion 2, 2-1, 2-2, etc. When a 

performance criterion was assigned an engineering construct, that engineering construct was then 

assigned to its performance indicators. This allowed the engineering constructs to be coded to a 

cognitive construct. The engineering constructs and their performance indicators can be found in 

Appendix C. 

Data Analysis 

Inter-rater reliability 

Inter-rater reliability is a statistical measure that is used when two or more people are 

used to code nominal data, corrected for chance  (Lange, 2011). Analysis of the performance 

indicators resulted in a Gwet’s AC1 and percent agreement of 0.658 and 0.733, respectively, 

which is considered to be an acceptable (good) level of reliability. The raters were unable to 

reach an agreement on seven of the performance indicators. When these seven performance 
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indicators were omitted, values of Gwet’s AC1 and percent agreement were 0.967 and 0.973, 

respectively. Any inter-rater reliability value over 0.8 is considered to be near perfect (Landis & 

Koch, 1977; Fleiss & Cuzick, 1979). These values can be seen in table 17 of this chapter.  

Research Questions 

All four research questions were  addressed in this study. Five independent raters rated 

the performance criteria of six different Technology  and Engineering Education rubrics. 

Twenty-three performance criteria were coded for engineering constructs, and ninety-eight 

performance indicators for cognitive constructs.  

1. Are Technology and Engineering Education assessment rubrics assessing higher order 

cognitive skills (schematic and strategic knowledge)? 

Performance indicators were rated according to four level of cognition, from lowest to 

highest: Declarative, procedural, schematic, and strategic. Ninety- eight performance indicators 

were rated for cognitive constructs. Raters were unable to reach an agreement on seven of the 

performance indicators rated. The ninety-one remaining performance indicators were rated as 

follows: 43 were rated declarative (43.88%); 11 were rated procedural (11.22%); none were 

rated schematic (0.0%); 37 were rated strategic (37.76%). While a significant portion of the 

performance indicators (37.36%) were rated strategic, most of the performance indicators 

(43.88%) were rated as declarative knowledge. The lack of schematic knowledge alone would 

indicate that in this study, the rubrics did not indicate a successful assessment of higher order 

cognition. The combination of schematic and strategic knowledge is only 37.76%, yet these two 
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constructs are half of the cognitive constructs coded. Table 14 shows a breakdown of the 

performance indicators and their cognitive rating. 

Table 14. Performance indicators cognitive levels 
  Totals     

Declarative   43 43.88% 

Procedural   11 11.22% 

Schematic   0 0.00% 

Strategic   37 37.76% 

Not 
Classified 

  7 7.14% 

 
2. Which performance indicators assess higher order cognitive skills? 

Performance indicators were rated as assessing one of four cognitive constructs (declarative, 

procedural, schematic, or strategic). Higher order cognition is considered to be schematic or 

strategic knowledge. Out of the ninety-eight performance indicators, there were none that were 

rated as assessing schematic knowledge. Thirty-seven (37.76%) performance indicators were 

rated as assessing strategic knowledge. The performance indicators that were rated as assessing 

strategic knowledge were: 

• Great care taken in construction process so that the structure is neat, attractive and 

follows plans accurately. 

• Construction was careful and accurate for the most part, but 1-2 details could have 

been refined for a more attractive product. 

• Construction accurately followed the plans, but 3-4 details could have been refined 

for a more attractive product. 
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• Construction appears careless or haphazard. Many details need refinement for a 

strong or attractive product. 

• Structure functions extraordinarily well, holding up under atypical stresses. 

• Structure functions well, holding up under typical stresses. 

• Structure functions pretty well, but deteriorates under typical stresses. 

• Fatal flaws in function with complete failure under typical stresses. 

• Three or more challenges were completed. Logical and efficient programs were used 

to solve the challenge with various commands used.  

• Three or more challenges were completed. Logical and efficient programs were used 

to solve the challenge with various commands used.  

• At least 3 sensors used skillfully to solve the challenge. 

• Robot scores 20+ points during the challenge. 

• Robot scores 10 - 19 points during the challenge. 

• Robot Scores 0-9 points during challenge. 

• Student was actively engaged in the challenge while programming/building/testing 

the robot. 

• Robot is built correctly. All pieces are taken apart & in the proper place at the end of 

the class. 

• Some parts are not put up correctly, Robot is not built correctly. 

• Pieces are scattered everywhere, unorganized, & not broken down. Robot is not built. 

• Used all the materials provided. Well constructed and refined final product. 
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• Used all the materials provided. Well constructed and refined final product. 

• Great care taken in construction process so that the structure is neat, functional, and 

follows plans accurately. 

• Construction was careful and accurate for the most part, but 1-2 details could have 

been refined for a more functional product. 

• Construction accurately followed the plans, but 3-4 details could have been refined 

for a more functional product. 

• Construction appears careless or haphazard. Many details need refinement for a 

strong or functional product. 

• Construction appears to have little to no effort. Student does not have a functional 

product. 

• Balloon assembled extraordinarily well, with no holes in seams or at crown of 

balloon. 

• Balloon assembled well, with almost no holes in seams or at crown of balloon. 

• Balloon assembled poorly, with holes or tears in seams or at crown of balloon. 

• Student failed to assemble a finished product. 

3. Which performance criteria assess higher order cognitive skills? 

Performance Criteria were coded for  engineering constructs. Each performance criterion was 

representative of a set of performance indicators. The performance indicators were coded for  

cognitive constructs. Each performance criteria had from three to five performance indicators 

that it  represented, so a performance criterion could represent several, if not all, cognitive 
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constructs. None of the performance indicators showed any evidence of schematic knowledge, as 

evidenced by the lack of schematic knowledge present in the performance indicators. Twelve 

performance criteria were shown to assessing some level of strategic knowledge, considered a 

high cognitive level of knowledge. Table 15 shows a list of the performance criteria and the 

engineering constructs that were represented in each. 

 

Table 15. Performance Criteria and Cognitive Constructs 

      Cognitive Construct 
Number Performance Criterion    D P SCH ST 

1 Modification/Testing   0 1 0 0 
2 Engineering Portfolio - Content   2 0 0 0 
3 Engineering Portfolio - Appearance   4 0 0 0 
4 Construction   0 0 0 4 
5 Function   0 0 0 4 
6 Design Process (Worksheet)   3 0 0 0 
7 Programming    1 1 0 1 
8 Use of sensors   1 1   1 
9 Points Earned   0 0 0 3 

  

*Note: Points are earned by having the 
robot complete a variety of tasks using 
different sensors and manipulating the 
robot arms.           

10 Participation   1 1 0 1 
              

11 Clean up   0 0 0 3 
12 Definitions Design process    5 0 0 0 

  
Identify the need and category of 
need            

13 Brainstorming   5 0 0 0 
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14 Iterations Name of invention   5 0 0 0 
              

15 Design of 3D model-using software   5 0 0 0 

16 

Vocabulary Define: Potential Energy, 
Kinetic Energy, Mechanism, 
Propulsion, Define the following 
simple machines lever, wheel & axle, 
pulley, inclined plane, wedge, screw   5 0 0 0 

17 Use of materials   0 2 0 4 
              

18 Participation   1 2 0 2 
              

19 Distance Traveled   0 0 0 5 
20 Plan and Design of Pattern   1 2 0 0 
21 Construction Care Taken   0 0 0 5 
22 Assembly   0 2 0 4 
23 Work Effort   4 1 0 0 

 

Twelve of the twenty-three performance criteria revealed a majority of the performance 

indicators that were coded as strategic knowledge. Those performance criteria  were: 

• Construction 

• Function 

• Programming 

• Use of Sensors 

• Points earned 

• Participation 

• Clean up 

• Use of materials 
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• Participation (2) 

• Distance traveled 

• Construction care taken 

• Assembly 

While none of  these twelve performance indicators were coded for assessing schematic 

knowledge, all were representative of performance indicators that were coded for  a majority of 

strategic knowledge. This would indicate  that these performance criteria  were assessing for 

higher cognitive levels. 

4. Which Engineering Constructs support higher order cognitive skills? 

The twenty-three performance criteria were coded by the raters for Engineering constructs in a 

Qualtrics survey. The performance indicators were coded for their cognitive constructs in section 

2 of the same Qualtrics survey. The performance criteria and their representative cognitive 

constructs are shown in Table 19.  Twelve performance criteria were shown to be assessing 

higher order cognition, due to one or more of their respective performance indicators assessing 

strategic knowledge. No performance indicators, and therefore no performance criteria or 

engineering constructs were shown to be assessing schematic knowledge.  Table 16 shows a list 

of the performance criteria and their  respective engineering constructs. 

Table 16. Performance Criteria and Engineering Constructs 

Performance Criterion  Engineering Construct 
Modification/Testing Engineering Communication 
Engineering Portfolio - Content Engineering Communication 
Engineering Portfolio - Appearance Engineering Communication 
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Construction Application of Engineering Design 
Function Application of Engineering Design 
Design Process (Worksheet) Engineering Design Concepts 
Programming  Engineering Science 
Use of sensors Application of Engineering Design 
Points Earned Engineering Analysis 

*Note: Points are earned by having the 
robot complete a variety of tasks using 
different sensors and manipulating the 
robot arms.   
Participation Application of Engineering Design; 
   Engineering and Human Values 
Clean up Engineering and Human Values 
Definitions Design process  Engineering Design Concepts 
Identify the need and category of 
need    
Brainstorming Engineering Communication;  
  Engneering design Concepts 

Iterations Name of invention 
Engineering Commnication; Engneering design 
Concepts 

    
Design of 3D model-using software Engineering Design Concepts 

Vocabulary Define: Potential Energy, 
Kinetic Energy, Mechanism, 
Propulsion, Define the following 
simple machines lever, wheel & axle, 
pulley, inclined plane, wedge, screw Engineeering Communication 
Use of materials Engineering Design Concepts; 
   Engineering Science 
Participation Engineering Communication,  
  Application of Engineering Design 
Distance Traveled Engineering Analysis 
Plan and Design of Pattern Engineering Design Concepts 
Construction Care Taken Engineering Design Concepts 
Assembly Engineering Design Concepts 
Work Effort Engineering &  Human Values 
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The engineering constructs that were represented in the twelve performance criteria that showed 

evidence of assessing higher cognitive levels were: Application of Engineering Design, 

Engineering Science, Engineering Analysis, Engineering and Human Values, Engineering 

Design Concepts, and Engineering Science. This list represents all six Engineering Constructs 

that were coded for in section one of the Qualtrics Survey. 

Summary 

 This chapter described the process that was used to collect the data, how the data 

was collected and analyzed, and the results of the data analysis. The data collection section 

explained how the rubrics were collected and placed into  a Qualtrics survey. The data 

assessment section detailed how the performance criteria was assigned an engineering construct, 

and how the performance indicators were assigned cognitive constructs. Inter-rater reliability 

was calculated using Gwet’s AC1 and percent agreement. A Gwet’s AC1 score of 0.658 was 

calculated, however the raters could not come to an agreement on seven performance indicators. 

Omitting these seven performance indicators resulted in a Gwet’s AC1 score of 0.967. The 

results of the data collection were analyzed, and the research questions were addressed. The 

results were that the rubrics overwhelmingly assessed declarative knowledge, with a secondary 

level of Strategic knowledge, but no performance indicators assessed schematic knowledge. This 

leads to a conclusion that the rubrics in this sample were not adequately assessing higher levels 

of cognition. All six Engineering Constructs were represented in the performance criteria  that 

showed evidence of Strategic knowledge. Chapter five will discuss the results of the data 

analysis, the implications of this study, and suggestions for further research. 
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CHAPTER 5. CONCLUSION AND IMPLICATIONS 

Introduction 

The purpose of  this study was to determine whether Technology and Engineering 

Education assessments are assessing higher levels of cognition. Data collection was in the form 

of Technology and Engineering Education rubrics that were collected from middle school 

technology and Engineering Education teachers in Virginia. The rubrics were combined, and the 

performance criteria and performance indicators were entered into a Qualtrics survey. Five 

raters, each experienced Technology and Engineering Education teachers with more than 5 

years’ experience, assigned one of six engineering constructs to each performance criterion and 

one of four cognitive constructs to each performance indicator. Inter-rater reliability was 

calculated using Gwet’s AC1 and percent agreement. This chapter will present a summary of the 

study, and will discuss recommendations and limitations of the study, as well as offering 

suggestions about further research. 

Summary of the Study 

The purpose of this study was to determine whether Technology and Engineering 

Education assessments were assessing at higher cognitive levels. Six rubrics collected from 

middle school Technology and Engineering Education Teachers in Virginia were collected and 

combined. An online survey was created using the Qualtrics platform. Respondents to the survey  

were asked to assign one of six engineering constructs to each of the performance criteria, and 

one of four cognitive constructs to each of the performance indicators. 
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Engineering constructs were selected from a modified Delphi study by Childress & 

Rhodes (2008).  The engineering constructs were Application of Engineering Design, 

Engineering Science, Engineering Analysis, Engineering and Human Values, Engineering 

Design Concepts, and Engineering Science. Cognitive constructs were determined from a 

previous study of the TIMSS test by Li & Shavelson (2001).  

Five raters were recruited and selected. The requirements for the raters were that they had 

to be an active Technology and Engineering Education teacher in Virginia, and have had at least 

five years’ experience teaching. All of the five raters met this requirement. The raters filled out 

the Qualtrics survey, and discussions and arbitrations were held about any disagreements until an 

acceptable level of inter-rater reliability was calculated. Gwet’s AC1 and percent agreement 

were used to calculate inter-rater reliability.  

Cognitive constructs of performance indicators were reported, as well as engineering 

constructs of performance criteria. The relationship between the performance criteria and 

engineering constructs was reported, to see which performance criteria and engineering 

constructs supported higher cognitive levels of learning.  

Discussion of Results 

Rubrics and raters 

 Rubrics were collected from middle school Technology and Engineering 

Education teachers throughout Virginia. Rubrics were to be collected until an approximate 
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adequate sample size of performance criteria  and performance indicators was amassed. Six 

rubrics were collected in all, with 23 performance indicators and 98 performance criteria total. 

 Raters were required to be an active Technology and Engineering Education 

teacher in Virginia, with at least 5 years’ experience teaching in the classroom. % raters were 

chosen, and all met these criteria. Three webinars were held for training the raters, with two, two, 

and one rater attending. One example survey and two practice surveys were included in the 

training. The raters also received electronic copies of the related research on engineering and 

cognitive constructs.  

Inter-rater reliability 

 Gwet’s AC1 and percent agreement was used to calculate inter-rater reliability of 

the performance indicators. Calculations were done using an excel-based program called 

Agreestat360, and its online counterpart, agreestat360.com, was used to verify  the results. The 

raters were unable to reach agreement on seven performance indicators resulting in an AC1 score 

of 0.658, and 0.733 percent agreement. Both scores are considered acceptable. Omitting the 

seven disagreed upon performance indicators resulted in an AC1 score of 0.967 and a 0.973 

percent agreement, which is considered near perfect (Landis & Koch, 1977; Fleiss &  Cuzick, 

1979). 

Research questions 

Four research questions guided this study:  
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1. Are Technology and Engineering Education assessment rubrics adequately assessing higher 

order cognitive skills (schematic and strategic knowledge)? The answer to this question was 

no. While the performance indicators showed that there was a good representation of 

strategic knowledge among the performance indicators tested (37.76%), none of the 

performance indicators were coded as assessing schematic knowledge. 

2. Which performance indicators assess higher order cognitive skills? Twenty -two of the 

ninety – eight performance indicators were revealed as assessing higher order cognitive 

skills, however all of these were strategic knowledge. No performance indicators were seen 

as assessing schematic knowledge. 

3. Which performance criteria assess higher order cognitive skills? Twelve of the twenty-three 

performance criteria  were determined to assess higher order cognitive skills.  

4. Which Engineering Constructs support higher order cognitive skills? All six engineering 

constructs were represented as assessing higher order cognitive skills. 

Limitations of the Study 

Rubrics were limited to middle school Technology and Engineering Education classes in 

Virginia. Middle school Technology  and Engineering classes in Virginia are limited one class 

per grade level, unless the school participates in the Gateway to Technology program under 

Project Lead the Way. None of the Project Lead the Way rubrics were used or available for this 

study. Because of the limited coursework available to middle school students in Virginia, most 

class projects  are repeated and used throughout the Commonwealth. This may lead to 

complacency in creating new rubrics. The researcher did not know when the rubrics were 
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created. Virginia Career and Technical Education (CTE) classes are guided by student 

competencies, so if the competencies are being met there is little incentive to update or create a 

new rubric. High school Technology and Engineering Education curricula in Virginia have more 

course offerings, and the results for the high school classes may very well be different. 

 Another imitation of this  study may be the raters themselves. A few of the raters 

seemed to be unfamiliar with the subject matter, and all of them were unfamiliar with the 

research. While cognition is taught and repeated in professional development classes, the essence 

of what entails higher order learning may  not reach the classroom teacher. Teacher training 

programs and Praxis exams are geared towards content knowledge, and even some pedagogical 

knowledge, but the essence of the Technology  and Engineering classroom is  project-based 

learning. What higher order cognition looks like in a PBL scenario is much different than in  a 

core classroom. 

Implications 

 The results of this study showed that five experienced Technology and Engineering 

teachers determined that Technology  and Engineering Education rubrics are not adequately 

assessing higher levels of cognition. While a substantial amount of the performance indicators 

(37%) were coded for strategic knowledge, no performance indicators were deemed to having 

assessed schematic knowledge. A low level of performance indicators assessed procedural 

knowledge (11.22%), yet a high level of performance indicators assessed declarative knowledge 

(43.88%). This indicates that the rubrics were assessing primarily declarative knowledge. Care 

must be taken when using and creating a rubric to ensure you are assessing across all cognitive 
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domains, especially schematic domains. Schematic knowledge is best represented by explaining 

or troubleshooting the results of actions upon a system (Li & Shavelson, 2001). Much of the 

schema that is used in problem-based learning takes the form of prior knowledge of the science 

behind some engineering principle. Of the 115 engineering constructs that were assigned to the 

performance criteria, only six were Engineering Science. A stronger emphasis on Engineering 

Science constructs may lead to more schematic knowledge being assessed. 

 Seven of the performance indicators were  unable to be coded because of disagreement 

with the raters. This would indicate an ambiguity about what exactly was being assessed. When 

creating performance indicators, teachers need to ensure the  student understands exactly what is 

being assessed and how. Additionally, the raters’ disagreement may be a symptom of their 

unfamiliarity of cognitive constructs, despite the training received. 

 The raters also assigned engineering constructs to the performance criteria. None of the 

performance criteria reached the threshold of complete agreement on the engineering constructs. 

Most of the performance criteria had a single mode, and that mode was used to determine the 

engineering construct for that performance criteria. Five of the twenty-three performance 

indicators were reported as bimodal. All engineering constructs were shown to represent those 

performance indicators that assessed higher cognitive levels in the strategic domain. A study of 

the key indicators of engineering constructs (Wilhemson & Dixon, 2016) prior to analyzing a 

rubric for engineering constructs may help clear this up. A close look at these key indicators 

while creating a rubric may also lead to less confusion as to the construct being assessed. 
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 Twelve out of the twenty-three performance criteria supported higher level cognitive 

skills. This seems excessive across four cognitive domains that over half would assess higher 

order cognitive skills. There was also some level of inconsistency among the performance 

indicators. Nine of the twenty-three performance criteria showed differing cognitive constructs 

among their respective performance indicators. Performance indicators should be used to assess 

levels of proficiency, and the cognitive constructs that are present in the performance indicators 

should not change. Rubrics must be created with careful attention and consistency across 

performance criteria. Teachers should also check when creating rubrics that the performance 

criteria are assessing all levels of  cognitive skills.  

 All engineering constructs supported higher order cognitive skills. This would indicate 

that there should be no difference in the type of engineering construct that is  being assessed to 

whether it would support higher order cognition. This leaves it open to the creator of the rubric to 

determine the level of cognition that is being assessed, despite the engineering construct that is 

present in the performance criteria. 

 Based on the ratings, the results were not as anticipated. There were no performance 

criteria that were rated as schematic knowledge, and an unusual high number of performance 

criteria were rated as strategic knowledge. The raters were all highly qualified and experienced 

Technology and Engineering education teachers, several of which have been officers in state and 

national professional associations, including one that is the incoming President of the 

International Technology and Engineering Education Association. All have advanced degrees, 
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and more than a decade of teaching experience. Two of the raters have administrative 

certifications and more than 30 years’ experience in the classroom.  

 Rubrics are typically created with the learning objectives in mind, and those learning 

objectives look for evidence of learning taking place. The level of cognitive learning that has 

taken place is not a priority in creating rubrics for Project Based Learning. Because many middle 

school projects have been repeated for decades, there is a distinct possibility that these rubrics 

are many years old. It would be a great idea if some of these older Technology and Engineering 

Education projects assessment rubrics be re-created with cognitive and Engineering constructs in 

mind to ensure that all levels of cognition, including those higher levels such as schematic and 

strategic knowledge, are being assessed. 

Suggestions for Further Research 

This study was a detailed content analysis of a sample of Technology  and Engineering 

Education Rubrics. The study analyzed middle  school Technology  and Engineering Education 

rubrics for cognitive and engineering constructs. Future studies might examine high school 

technology and engineering rubrics for  cognitive constructs as well. This study was limited to 

middle schools in Virginia. This study might also be replicated in other states to get a better  

understanding of the cognitive constructs present in rubrics nationwide. 

Other forms of assessment are also present in Technology and Engineering Education. 

Future studies may include different forms of assessment such as written tests, oral presentations, 

and teacher observations. There are also several pre-packaged pre-engineering programs for 

secondary schools such as ITEEA’s Engineering by Design and Project Lead the Way  Pathway 
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to Engineering that come with their own assessments. Research could be completed on the 

assessments in these programs to look for evidence of assessing higher order cognitive skills. 

This study used five experienced Technology  and Engineering Education teachers as 

raters. Seven of the ninety-eight performance  indicators were unable to be coded due to 

disagreement among the raters. Further research may be completed using a smaller number of 

raters. The methodology of a similar study, an assessment of cognitive constructs of the TIMSS 

test (Li & Shavelson, 2001), used only two raters.  

The assessment that were analyzed in this study were rubrics, a form of criteria-based 

assessment. Other forms of assessment, such as formative assessments, summative assessments, 

and standards-based assessments may be analyzed for cognitive constructs as well. We live in an 

era of  standards, and all 50 states have some sort of standards-based examinations. This study 

can be replicated in other subject matters as well, to look for  evidence of assessment higher 

order cognitive skills. 

The lack of higher order cognitive skills being assessed in Technology and Engineering 

Education rubrics, specifically schematic knowledge, predicates the need for further research to 

determine whether or not this is a systemic problem in the construction of rubrics, and more 

specifically, Technology  and Engineering Education rubrics. 

Conclusion 

Technology and Engineering Education has long held the belief that its constructivist 

philosophy of “Learning by Doing” (Moye, Duggar, and Starkweather, 2014) automatically leads 

to the learning of higher order cognitive skills. The term create  is an action verb of  strategic 
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knowledge, and many  rubrics that are written for middle  school Technology  and Engineering 

Education classes are based upon the creation of artifact. The mere creation of an artifact, 

however, does not lend itself to the automatic learning of a higher order cognitive skill. One can 

create an artifact and merely be following instructions, therefore only demonstrating procedural 

knowledge.  

Five experienced teachers were used to rate several Technology  and Engineering 

Education rubrics that were supplied by Technology and Engineering Education teachers in 

Virginia. Twenty-three performance criteria were coded for  six engineering constructs, as 

defined in a modified Delphi study (Childress & Rhodes, 2008). Ninety – eight performance 

indicators were coded for  cognitive constructs using a similar methodology used to study 

cognitive constructs in the TIMSS test (Li & Shavelson, 2001).  

This study analyzed several Technology and Engineering Education Rubrics for evidence 

of assessment of engineering constructs and higher order cognitive skills. The performance 

criteria were coded for engineering constructs, and the performance indicators were coded for 

cognitive constructs. All six engineering constructs were shown to be present in the performance 

criteria. The performance criteria and Engineering constructs were extrapolated to the 

representative performance indicators, to look for the relationship between engineering 

constructs and cognitive  constructs. All six  engineering constructs supported performance 

indicators that assessed strategic knowledge, considered a higher order cognitive process. Four 

cognitive levels of knowledge were looked for: declarative, procedural, schematic, and strategic. 

Schematic and strategic knowledge are considered to be higher order cognitive processes: 



 

 

 

99 

 

Schematic is  the knowledge needed to explain how things work, to troubleshoot systems; 

strategic is knowing what you don’t know, what you have to learn in order to complete a task or 

construct an artifact. An analysis of the data showed that there was a complete lack of schematic 

knowledge being assessed, yet a substantial amount of strategic knowledge (37.76%) was being 

assessed. Further evidence of the lack of assessing higher order cognitive skills was the 

exceedingly high level of declarative knowledge that was being assessed, at 43.88%. A more 

even distribution across all four knowledge domains (Li & Shavelson, 2001). 

This study only examined a sample of Technology and Engineering Education rubrics in 

middle schools in Virginia. Technology  and Engineering Education courses in Virginia’s middle  

schools are limited, especially in 6th grade, where most schools  schedule an exploratory 

Technology Education class for 9 weeks. This study, however, could be replicated to other states, 

other courses, and other assessments to ensure that assessment are properly assessing all 

cognitive skill levels. 
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Appendix B: Email Request for Rubrics 

To: Middle School Tech Ed Teachers 

Subject: Rubrics needed for research 

Hello, 

My name is Barry Potter. I am a middle school Tech Ed teacher in Spotsylvania County 

who is working on a research project for my dissertation that involves cognitive analysis of 

assessments. I am in need of rubrics from middle school technology education classes for 

analysis. These rubrics will be analyzed for evidence of assessing higher order cognitive skills. 

No specific information as to the source will be disseminated. 

Eligibility criteria for this study are as follows: 

• A middle school technology education teacher 
• Who can provide any rubric from a middle school technology education class  
• In which the rubric assesses performance of a task that is part of the middle school 

technology education curriculum 

This research is being conducted by Virginia Tech. The Virginia Tech IRB has approved 

this study as application #19-354. 

Contact information: 
Barry Potter 
Barryp61@vt.edu 
 
Primary Investigator: 
Dr. Bill Glenn 
wglenn@vt.edu 
 

Thank You, 

 

mailto:Barryp61@vt.edu
mailto:wglenn@vt.edu
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Barry Potter 

Appendix C: Presentation for Rater Training 
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Appendix D: Practice Questions 

Analysis of Technology and Engineering Education Practice Questions #1 

1. Rephrases the problem clearly and precisely. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
2. Restates the criteria clearly and precisely and identifies many constraints. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
3. Thoroughly analyzes the pluses and minuses of a variety possible solutions. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
4. Description of 2-3 possible design problems. Each of the 2-3 problems is clearly defined 

with depth and detail. Problem statement includes an intended client, end user, or market. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
5. Documents results of a detailed analysis of the market for the proposed solution/product, 

including a hypothetical user portrait. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
6. Multiple sketches are provided for potential design solutions. 

a. Declarative 
b. Procedural 



 

 

 

141 

 

c. Schematic 
d. Strategic 

 
7. Notebook contains evidence that a physical, mathematical, or computational working 

model was developed. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
8. Student shows evidence of planning for and reflecting on the mid term presentation. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
9. Student recorded notes during team reflection about the design process and designed 

product. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

10. Clearly identifies the purpose including all complexities of relevant questions. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
11. Effectively organizes project tasks to minimize wasted time and effort/ 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
12. Identify health and safety considerations in the classroom/shop along with individual 

responsibility for maintaining conditions 
a. Declarative 
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b. Procedural 
c. Schematic 
d. Strategic 

 
13. Recognize and use systems in school that protect and enhance personal, environmental 

health and safety 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

14. Identify different workplace systems that protect and enhance personal and 
environmental health and safety. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

15. Assess workplace conditions with regard to personal and environmental health and safety 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

16. Creates unique, forceful arguments to completely prove claims. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

17. Identifies the relevant facts for the given situation. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

18. Evaluates the technical directions and adjusts tools/processes for maximum efficiency 
and safety. 
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a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

Analysis of TEE Assessments Practice #2 
 

1. Effectively organizes project tasks to minimize wasted time and effort. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

2. Keeps detailed records easily followed by others. These records include a laboratory 
notebook, computer files, purchase records, and others. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

3. Detailed description of construction of mechatronic device, clear step-by-step 
descriptions can be replicated. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

4. Demonstrates the ability to present experimental data using graphical displays and 
statistical analysis. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 
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5. The problem is clearly defined, fully explored, and linked to the larger state and national 
socio political content. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

6. Documents preliminary testing data and/or research that is relevant to differentiating 
design concepts against multiple high-priority criteria. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

7. Evaluates design as well as opportunities and tradeoffs in light of criteria and constraints, 
and defends the validity of metrics used. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 
8. Students documented sources effectively and correctly. 

a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

9. Employs innovation and invention in problem solving and solutions. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

10. Creates and implements a solution to solve a problem. 
a. Declarative 
b. Procedural 
c. Schematic 
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d. Strategic 
 

11. Identifies problem and understands the methods or model used for solving a problem. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

12.  Identifies the processes within given systems. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

13. Interprets and understands directions to complete task and/or project. 
a. Declarative 
b. Procedural 
c. Schematic 
d. Strategic 

 

 

 

 

 

 

 

 

 

 



 

 

 

146 

 

Appendix E: Performance Criteria and Performance Indicators 

Performance Criteria Performance Indicator 1 (highest score) Performance Indicator 2 Performance Indicator 3 Performance Indicator 4 Performance Indicator 5

Modification/Testing

Clear evidence of troubleshooting, testing, 
and refinements based on data or scientific 
principles.

Clear evidence of 
troubleshooting, testing and 
refinements.

Some evidence of 
troubleshooting, testing and 
refinements.

Little evidence of 
troubleshooting, testing or 
refinement.

Engineering Portfolio - 
Content

Journal provides a complete record of 
planning, construction, testing, 
modifications, reasons for modifications, 
and some reflection about the strategies 
used and the results.

Journal provides a 
complete record of 
planning, construction, 
testing, modifications, and 
reasons for modifications.

Journal provides quite a bit 
of detail about planning, 
construction, testing, 
modifications, and reasons 
for modifications.

Journal provides very little 
detail about several aspects 
of the planning, 
construction, and testing 
process.

Engineering Portfolio - 
Appearance

Several entries made and all are dated and 
neatly.

Several entries are made 
and most of the entries are 
dated and neatly entered.

Several entries are made 
and most of the entries are 
dated and legible.

Few entries are made 
AND/OR many entries are 
not dated or very difficult 
to read.

Construction
Great care taken in construction process so 
that the structure is neat, attractive and 
follows plans accurately.

Construction was careful 
and accurate for the most 
part, but 1-2 details could 
have been refined for a 
more attractive product.

Construction accurately 
followed the plans, but 3-4 
details could have been 
refined for a more 
attractive product.

Construction appears 
careless or haphazard. 
Many details need 
refinement for a strong or 
attractive product.

Function
Structure functions extraordinarily well, 
holding up under atypical stresses.

Structure functions well, 
holding up under typical 
stresses.

Structure functions pretty 
well, but deteriorates under 
typical stresses.

Fatal flaws in function with 
complete failure under 
typical stresses.

Design Process 
(Worksheet)

Worksheet is complete with 
thoughtful, well explained sentences

Worksheet is 
attempted, but 
answers are not 
complete.

Worksheet is not 
complete, many 
questions are 
unanswered. 

Programming 

Three or more challenges were 
completed. Logical and efficient 
programs were used to solve the 
challenge with various commands 
used. 

Two challenges 
completed with a 
variety of programming.

Only one challenge 
attempted- basic 
programming (only move 
command) used. 

Use of sensors
At least 3 sensors used skillfully to 
solve the challenge

1-2 sensors used to 
solve the challenge

No sensors used

Points Earned Robot scores 20+ points during the 
challenge

Robot scores 10 - 19 
points during the 
challenge

Robot scores 0-
9points during the 
challenge

Participation
Student was actively engage in the 
challenge while 
programming/build/test the robot

Student was 
moderately engaged 
during 
programming/build/test 
the robot

Student had little to no 
contribution in 
programming/build/test 
the robot

Clean up
Robot is built correctly. All pieces 
are taken apart & in the proper place 
at the end of the class.

Some parts are not put 
up correctly, Robot is 
not built 

Pieces are scattered 
everywhere, 
unorganized, & not 
broken down. Robot is 
not built correctly.

Defiintions Design 
process (page 2) 
Identify the need and 
category of need (page 
4)

Six definitions page 2. Includes name, 
feeling, social issue

5 definitions page 2. 
Includes name, feeling, 
social issue

4 definitions page 2. 
Includes name, 
feeling,social issue . 
Missing 1 category on 
page 4

3 definitions page 2. 
Includes name, feeling, 
social issue. Missing 2 
categories on page 4

2 or less definitions page 
2. Includes name, feeling, 
social issue . Missing 3 or 
all categories on page 4

Brainstorming Includes 5 unique ideas to solve
Includes 4 unique ideas to 
solve the citizen problem

Includes 3 unique ideas to 
solve citizen problem

Includes 2 unique ideas to 
solve citizen problem

Only one idea, or idea is 
missing to solve citizen 
problem.

Iterations Name of 
invention

A change can be seen and described for 
each of the first five areas on page 5. It is 
evident that the inventor has received 
input on changes. A unique name and an 
excellent description of how the 
invention works is written

A change can be seen and 
described for each of the 
first five areas on page 5. 
It is evident that the 
inventor has received 
input on changes. A 
unique name and an 
excellent description of 
how the invention works 
is written. .

A change can be seen and 
described for each of the 
first five areas on page 5. 
It is evident that the 
inventor has received 
some input on changes. A 
unique name and an 
average description of 
how the invention works 
is written

No change can be seen 
and/or minimal 
description of change for 
each of the first five areas 
areas on page 5. It is 
evident that the inventor 
has not received input on 
changes. An ordinary 
name and/or ordinary 
description of how the 
invention works is 
written.

No changes can be seen 
and/or descriptions are 
minimal or lacking for 
each of the first five areas 
on page 5. It is evident 
that the inventor has 
gotten no input on 
changes. A name and/or a 
poor description of how 
the invention works is 
written.

Design of 3D
model-using
software

Student invention shows: 1. Three (3) 
connected shapes (can be the same 
shape) 2. At least one shape needs to be 
turned from original orientation. 3. All 
shapes on build plate 4. Project needs to 
be grouped 5. Project needs to be saved 
as instructed

Student invention shows 
use of 4 of the aspects 
while using the design 
software

Student invention shows 
use of 3 of the aspects 
while using the design 
software

Student invention shows 
use of 2 of the aspects 
while using the design 
software

Student invention shows 
use of 1 or none of the 
aspects while using the 
design software

Vocabulary Define: 
Potential Energy, 
Kinetic Energy, 
Mechanism, 
Propulsion, Define the 
following simple 
machines lever, wheel 
& axle, pulley, inclined 
plane, wedge, screw

Includes all 10 words and correct 
definitions

Includes all 8-9 words and 
correct definitions

Includes 6-7 words and 
correct definitions

Includes only 4-5 words 
and correct definitions

Includes 3 or less words 
with or without 
definitions

Use of materials
Used all the materials provided. Well 
constructed and refined final product

Used most of the 
materials provided. Had a 
land racer capable of 
movement.

Used some of the 
materials available. 
Product not refined and 
has a product. No 
evidence of changes made

Used few of the materials 
available. Product 
resembles land racer. 
Major improvements 
needed.

Did not use the materials 
to build a land racer

Participation

Student or group can show extensive 
evidence of the design process. 
Brainstorming in the form of 
explanations and sketches are evident in 
the engineer notebooks. Student/Group 
has tested their product and have made 
changes as a result of that testing. The 
land racer is designed with care and has 
there is evidence the student/group has 
put forth maximum effort.

Student or group can 
show evidence of the 
design process. 
Brainstorming in the form 
of explanations and 
sketches are evident in 
the engineer notebooks. 
Student/Group has tested 
their product and have 
made changes as a result 
of that testing. The land 
racer shows evidence of 
possible improvements

Student or group can
show some evidence
of the design process.
Brainstorming in the
form of limited
explanations and
sketches.
Student/Group tested
their product and have
made limited changes
as a result of that
testing. The land
racer shows obvious
signs of improvement

Student or group built a 
land racer. but there is no 
evidence of following the 
design process

student or group does not 
have land racer built

Distance Traveled
Land Racer went beyond the minimum 
distance set by the the teacher

Land Racer went the 
minimum distance set by 
the the teacher

Land Racer was 2-3 feet 
short of minimum 
distance set by the 
teacher

Land Racer was more than 
3 feet short of minimum 
distance set by the 
teacher

The Land Racer moved 
very little or not at all

Plan & Design of 
Pattern

Balloon Plan & Design is neat, and 
includes a larger evelope and smaller 
throat as discussed in class.

Balloon plan & design is 
fairly neat, and mostly 
includes a larger 
envelope and smaller 
throat as discussed in 
class.

Balloon plan & design is 
complete, and the shape 
includes some of the 
features such as larger 
envelope and smaller 
throat as discussed in 
class.

Balloon plan & design is 
not neat, and the shape 
does not include a larger 
envelope and smaller 
throat as discussed in 
class.

Balloon plan & design is 
unsuccessful and did not 
fit the criteria discussed 
in class.

Construction Care 
Taken

Great care taken in construction process 
so that the structure is neat, fuctional and 
follow plans accurattely

Construction was careful 
and accurate for the most 
part, but 1-2 details could 
have been refined for a 
more fuctional product

Construction accurately 
followed the plans, but 3-
4 details could have been 
refined for a more 
functional product

Construction appears 
careless or haphazard. 
Many details need 
refinement for a strong or 
functional product.

Construction appears to 
have little to no effort. 
Student does not have a 
funtional product

Assembly

Balloon assembled extraordinarily well, 
with no holes in seams or at crown of 
ballooon

Ballloon assembled well, 
with almost no holes in 
seams or at crown of 
balloon.

Balloon assembled with 
some small holes in 
seams or at crown of 
balloon.

Balloon assembled 
poorly, with holes or tears 
in seems or at crown of 
balloon.

Student failed to 
assemble a finished 
product

Work Effort

All group members indicated a clear and 
accurate understanding of the 
construction process and contributed 
equally in the design

Most group members 
indicated a relatively 
clear and accurate 
understanding of the 
construction process and 
contributed almost 
equally in the design and 
construction of the 
balloon.

Most group members 
indicated some 
understanding of the 
construction process and 
contributed some in the 
design and construction 
of the balloon.

Most group members do 
not demomstrate a clear 
or accurate understanding 
of the construction 
process and did not 
contribute equally in the 
design and construction 
of the balloon.

Does not engage in group 
work at all
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Appendix F: Performance Indicator Scoring 
Q Cat 1 Cat 2 Cat 3 Cat 4 NC

Rater 1 Rater 2 Rater3 Rater 4 Rater 5 Declarative Procedural Schematic Strategic Criteria # Perfomance Criterion
1-1 4 4 3 2 3 1 2 Engineering Communication
1-2 2 4 2 4 3 1 2 Engineering Communication
1-3 2 2 2 2 2 1 2 Engineering Communication
1-4 1 1 2 2 3 1 2 Engineering Communication
2-1 1 1 1 1 1 1 2 Engineering Communication
2-2 3 2 2 1 1 1 2 Engineering Communication
2-3 3 1 2 1 2 1 2 Engineering Communication
2-4 1 1 1 1 1 1 2 Engineering Communication
3-1 1 1 1 1 1 1 2 Engineering Communication
3-2 2 1 1 1 1 1 2 Engineering Communication
3-3 1 1 1 1 1 1 2 Engineering Communication
3-4 1 1 1 1 1 1 2 Engineering Communication
4-1 4 4 4 4 4 1 3 Application of Engineering Design
4-2 4 4 4 4 4 1 3 Application of Engineering Design
4-3 4 4 4 4 4 1 3 Application of Engineering Design
4-4 4 4 4 4 4 1 3 Application of Engineering Design
5-1 4 4 4 4 4 1 3 Application of Engineering Design
5-2 4 4 4 4 4 1 3 Application of Engineering Design
5-3 3 3 3 3 3 1 3 Application of Engineering Design
5-4 4 4 4 4 4 1 3 Application of Engineering Design
6-1 1 1 1 1 1 1 4 Engineering Design Concepts
6-2 1 1 1 1 1 1 4 Engineering Design Concepts
6-3 1 1 1 1 1 1 4 Engineering Design Concepts
7-1 4 4 4 4 4 1 6 Engineering Science
7-2 2 2 2 2 2 1 6 Engineering Science
7-3 1 1 1 1 1 1 6 Engineering Science
8-1 4 4 4 4 4 1 3 Application of Engineering Design
8-2 2 2 2 2 2 1 3 Application of Engineering Design
8-3 1 1 1 1 1 1 3 Application of Engineering Design
9-1 4 4 4 4 4 1 5 Engineering Analysis
9-2 4 4 4 4 4 1 5 Engineering Analysis
9-3 2 2 2 2 2 1 5 Engineering Analysis
10-1 4 4 4 4 4 1 3,1 Application of Engineering Design; Engineering and Human Values
10-2 2 2 2 2 2 1 3,1 Application of Engineering Design; Engineering and Human Values
10-3 1 1 1 1 1 1 3,1 Application of Engineering Design; Engineering and Human Values
11-1 4 4 4 4 4 1 1 Engineering and Human Values
11-2 4 4 4 4 4 1 1 Engineering and Human Values
11-3 4 4 4 4 4 1 1 Engineering and Human Values
12-1 1 1 1 1 1 1 4 EngineeringDesign Concepts
12-2 1 1 1 1 1 1 4 EngineeringDesign Concepts
12-3 1 1 1 1 1 1 4 EngineeringDesign Concepts
12-4 1 1 1 1 1 1 4 EngineeringDesign Concepts
12-5 1 1 1 1 1 1 4 EngineeringDesign Concepts
13-1 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
13-2 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
13-3 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
13-4 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
13-5 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
14-1 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
14-2 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
14-3 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
14-4 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
14-5 1 1 1 1 1 1 2,4 Engineering Commnication; Engneering design Concepts
15-1 1 1 1 1 1 1 4 Engineering Design Concepts
15-2 1 1 1 1 1 1 4 Engineering Design Concepts
15-3 1 1 1 1 1 1 4 Engineering Design Concepts
15-4 1 1 1 1 1 1 4 Engineering Design Concepts
15-5 1 1 1 1 1 1 4 Engineering Design Concepts
16-1 1 1 1 1 1 1 2 Engineeering Communication
16-2 1 1 1 1 1 1 2 Engineeering Communication
16-3 1 1 1 1 1 1 2 Engineeering Communication
16-4 1 1 1 1 1 1 2 Engineeering Communication
16-5 1 1 1 1 1 1 2 Engineeering Communication
17-1 4 4 4 4 4 1 4,6 Engineering Design Concepts; Engineering Science
17-2 4 4 4 4 4 1 4,6 Engineering Design Concepts; Engineering Science
17-3 2 2 2 2 2 1 4,6 Engineering Design Concepts; Engineering Science
17-4 4 4 4 4 4 1 4,6 Engineering Design Concepts; Engineering Science
17-5 4 4 4 4 4 1 4,6 Engineering Design Concepts; Engineering Science
18-1 4 4 4 4 4 1 2,3 Engineering Communication, Application of Engineering Design
18-2 4 4 4 4 4 1 2,3 Engineering Communication, Application of Engineering Design
18-3 2 2 2 2 2 1 2,3 Engineering Communication, Application of Engineering Design
18-4 1 1 1 1 1 1 2,3 Engineering Communication, Application of Engineering Design
18-5 2 2 2 2 2 1 2,3 Engineering Communication, Application of Engineering Design
19-1 4 4 4 4 4 1 5 Engineering Analysis
19-2 4 4 4 4 4 1 5 Engineering Analysis
19-3 4 4 4 4 4 1 5 Engineering Analysis
19-4 4 4 4 4 4 1 5 Engineering Analysis
19-5 4 4 4 4 4 1 5 Engineering Analysis
20-1 1 1 1 1 1 1 4 Engineering Design Concepts
20-2 2 2 2 2 2 1 4 Engineering Design Concepts
20-3 2 2 2 2 2 1 4 Engineering Design Concepts
30-4 2 1 1 3 2 1 4 Engineering Design Concepts
20-5 2 1 1 3 2 1 4 Engineering Design Concepts
21-1 4 4 4 4 4 1 5 Application of Engineering Design
21-2 4 4 4 4 4 1 5 Application of Engineering Design
21-3 4 4 4 4 4 1 5 Application of Engineering Design
21-4 4 4 4 4 4 1 5 Application of Engineering Design
21-5 4 4 4 4 4 1 5 Application of Engineering Design

22-1 4 4 4 4 4 1 4 Engineering Design Concepts
22-2 4 4 4 4 4 1 4 Engineering Design Concepts
22-3 2 2 2 2 2 1 4 Engineering Design Concepts
22-4 4 4 4 4 4 1 4 Engineering Design Concepts
22-5 4 4 4 4 4 1 4 Engineering Design Concepts
23-1 1 1 1 1 1 1 1 Engineering &  Human Values
23-2 1 1 1 1 1 1 1 Engineering &  Human Values
23-3 1 1 1 1 1 1 1 Engineering &  Human Values
23-4 1 1 1 1 1 1 1 Engineering &  Human Values
23-5 2 2 2 2 2 1 1 Engineering &  Human Values

Totals 44 12 1 34 7

Ratings
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Appendix G: Assignation of Engineering Constructs to Performance Criteria 

Q Performance Criterion 
1-1 Engineering Communication 
1-2 Engineering Communication 
1-3 Engineering Communication 
1-4 Engineering Communication 
2-1 Engineering Communication 
2-2 Engineering Communication 
2-3 Engineering Communication 
2-4 Engineering Communication 
3-1 Engineering Communication 
3-2 Engineering Communication 
3-3 Engineering Communication 
3-4 Engineering Communication 
4-1 Application of Engineering Design 
4-2 Application of Engineering Design 
4-3 Application of Engineering Design 
4-4 Application of Engineering Design 
5-1 Application of Engineering Design 
5-2 Application of Engineering Design 
5-3 Application of Engineering Design 
5-4 Application of Engineering Design 
6-1 Engineering Design Concepts 
6-2 Engineering Design Concepts 
6-3 Engineering Design Concepts 
7-1 Engineering Science 
7-2 Engineering Science 
7-3 Engineering Science 
8-1 Application of Engineering Design 
8-2 Application of Engineering Design 
8-3 Application of Engineering Design 
9-1 Engineering Analysis 
9-2 Engineering Analysis 
9-3 Engineering Analysis 
10-1 Application of Engineering Design; Engineering and Human Values 
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10-2 Application of Engineering Design; Engineering and Human Values 
10-3 Application of Engineering Design; Engineering and Human Values 
11-1 Engineering and Human Values 
11-2 Engineering and Human Values 
11-3 Engineering and Human Values 
12-1 Engineering Design Concepts 
12-2 Engineering Design Concepts 
12-3 Engineering Design Concepts 
12-4 Engineering Design Concepts 
12-5 Engineering Design Concepts 
13-1 Engineering Communication; Engineering design Concepts 
13-2 Engineering Communication; Engineering design Concepts 
13-3 Engineering Communication; Engineering design Concepts 
13-4 Engineering Communication; Engineering design Concepts 
13-5 Engineering Communication; Engineering design Concepts 
14-1 Engineering Communication; Engineering design Concepts 
14-2 Engineering Communication; Engineering design Concepts 
14-3 Engineering Communication; Engineering design Concepts 
14-4 Engineering Communication; Engineering design Concepts 
14-5 Engineering Communication; Engineering design Concepts 
15-1 Engineering Design Concepts 
15-2 Engineering Design Concepts 
15-3 Engineering Design Concepts 
15-4 Engineering Design Concepts 
15-5 Engineering Design Concepts 
16-1 Engineering Communication 
16-2 Engineering Communication 
16-3 Engineering Communication 
16-4 Engineering Communication 
16-5 Engineering Communication 
17-1 Engineering Design Concepts; Engineering Science 
17-2 Engineering Design Concepts; Engineering Science 
17-3 Engineering Design Concepts; Engineering Science 
17-4 Engineering Design Concepts; Engineering Science 
17-5 Engineering Design Concepts; Engineering Science 
18-1 Engineering Communication, Application of Engineering Design 
18-2 Engineering Communication, Application of Engineering Design 
18-3 Engineering Communication, Application of Engineering Design 
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18-4 Engineering Communication, Application of Engineering Design 
18-5 Engineering Communication, Application of Engineering Design 
19-1 Engineering Analysis 
19-2 Engineering Analysis 
19-3 Engineering Analysis 
19-4 Engineering Analysis 
19-5 Engineering Analysis 
20-1 Engineering Design Concepts 
20-2 Engineering Design Concepts 
20-3 Engineering Design Concepts 
30-4 Engineering Design Concepts 
20-5 Engineering Design Concepts 
21-1 Application of Engineering Design 
21-2 Application of Engineering Design 
21-3 Application of Engineering Design 
21-4 Application of Engineering Design 
21-5 Application of Engineering Design 
22-1 Engineering Design Concepts 
22-2 Engineering Design Concepts 
22-3 Engineering Design Concepts 
22-4 Engineering Design Concepts 
22-5 Engineering Design Concepts 
23-1 Engineering & Human Values 
23-2 Engineering & Human Values 
23-3 Engineering & Human Values 
23-4 Engineering & Human Values 
23-5 Engineering & Human Values 

 

  

Barry Potter
The original practice was in Google forms, but was lost when I left the school district. I retyped it here and emphasized the correct answers. Repeats were omitted.
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Appendix H.  Cognitive constructs of Performance Criteria 

   
Cognitive Construct 

Number Performance 

Criterion  

Engineering Construct D P SCH ST 

1 Modification/Testing Engineering Communication 22 3 0 2 

2 Engineering Portfolio 

- Content 

Engineering Communication 22 3 0 2 

3 Engineering Portfolio 

- Appearance 

Engineering Communication 22 3 0 2 

4 Construction Application of Engineering 

Design 

3 3 2 11 

5 Function Application of Engineering 

Design 

3 3 2 11 

6 Design Process 

(Worksheet) 

Engineering Design Concepts 23 4 0 10 

7 Programming  Engineering Science 1 1 1 5 

8 Use of sensors Application of Engineering 

Design 

3 3 2 11 

9 Points Earned Engineering Analysis 1 1 0 11 
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*Note: Points are 

earned by having the 

robot complete a 

variety of tasks using 

different sensors and 

manipulating the 

robot arms. 

 
        

10 Participation Application of Engineering 

Design; 

3 3 2 11 

  
 Engineering and Human 

Values 

5 2 0 4 

11 Clean up Engineering and Human 

Values 

5 2 0 4 

12 Definitions Design 

process  

EngineeringDesign Concepts 23 4 0 10 

 
Identify the need and category of need          

13 Brainstorming Engineering Commnication;  22 3 0 2 
  

Engneering design Concepts 23 4 0 10 

14 Iterations Name of 

invention 

Engineering Commnication; 

Engneering design Concepts 

22 3 0 2 
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23 4 0 10 

15 Design of 3D model-

using software 

Engineering Design Concepts 23 4 0 10 

16 Vocabulary Define: 

Potential Energy, 

Kinetic Energy, 

Mechanism, 

Propulsion, Define 

the following simple 

machines lever, wheel 

& axle, pulley, 

inclined plane, wedge, 

screw 

Engineeering Communication 22 3 0 2 

17 Use of materials Engineering Design 

Concepts; 

23 4 0 10 

  
 Engineering Science 1 1 1 5 

18 Participation Engineering Communication,  22 3 0 2 
  

Application of Engineering 

Design 

3 3 2 11 

19 Distance Traveled Engineering Analysis 1 1 0 11 
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20 Plan and Design of 

Pattern 

Engineering Design Concepts 23 4 0 10 

21 Construction Care 

Taken 

Engineering Design Concepts 23 4 0 10 

22 Assembly Engineering Design Concepts 23 4 0 10 

23 Work Effort Engineering &  Human 

Values 

5 2 0 4 
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Appendix I. Performance Criteria and Engineering Constructs. 

Number Performance Criterion  Engineering Construct 
1 Modification/Testing Engineering Communication 
2 Engineering Portfolio - Content Engineering Communication 
3 Engineering Portfolio - Appearance Engineering Communication 
4 Construction Application of Engineering Design 
5 Function Application of Engineering Design 
6 Design Process (Worksheet) Engineering Design Concepts 
7 Programming  Engineering Science 
8 Use of sensors Application of Engineering Design 
9 Points Earned Engineering Analysis 

  

*Note: Points are earned by having the 
robot complete a variety of tasks using 
different sensors and manipulating the 
robot arms.   

10 Participation Application of Engineering Design; 
     Engineering and Human Values 

11 Clean up Engineering and Human Values 
12 Definitions Design process  EngineeringDesign Concepts 

  
Identify the need and category of 
need    

13 Brainstorming Engineering Commnication;  
    Engneering design Concepts 

14 Iterations Name of invention 
Engineering Commnication; Engneering design 
Concepts 

      
15 Design of 3D model-using software Engineering Design Concepts 

16 

Vocabulary Define: Potential Energy, 
Kinetic Energy, Mechanism, 
Propulsion, Define the following 
simple machines lever, wheel & axle, 
pulley, inclined plane, wedge, screw Engineeering Communication 

17 Use of materials Engineering Design Concepts; 
     Engineering Science 

18 Participation Engineering Communication,  
    Application of Engineering Design 
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19 Distance Traveled Engineering Analysis 
20 Plan and Design of Pattern Engineering Design Concepts 
21 Construction Care Taken Engineering Design Concepts 
22 Assembly Engineering Design Concepts 
23 Work Effort Engineering &  Human Values 
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