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Design and Development of a Horizontal CTE Curriculum to
Prepare Students for the New Manufacturing Economy (Work in
Progress)

1. Background

How we educate students is highly influenced by the kind of work that we envision for them [1].
Economies of the future will favor individuals who possess flexibility across multiple
competencies and can grow and learn with the evolving workplace [2]. To prepare students for
such a future workspace of flexible high-mix short-run production, the learning experience needs
to be designed to integrate knowledge/skills across multiple technology areas within an authentic
practice. Career and Technical Education (CTE) program in high schools provides a platform to
do this. The development of such a CTE course, which intends for students to develop a holistic
understanding of a range of technologies, is grounded in the theory of expansive learning. As
proposed by Engestrom [3], expansive learning is a theory of organizational learning that
emphasizes horizontal expertise which is “capacity to move between activity contexts and to
engage in the exchange and mixing of domain-specific expertise”. In order to operationalize the
horizontal expertise development in the CTE course, a de-scaffolding approach will be used. De-
scaffolding approach involves students developing expertise on a ‘in-focus’ topic while other
‘out-of-focus’ topics are scaffolded, and over time ‘out-of-focus’ topic incrementally start
coming into focus as the previously ‘in-focus’ topic is scaffolded [4].

2. Objective

The broad objective of developing and implementing a horizontal CTE curriculum is to
understand how an integrated horizontal learning approach in which students combine learning
of basic engineering skills, production, and manufacturing processes, with the deployment of
work products, may develop holistic technology understanding and STEM identities. Also,
within the context of Engineering education, the proposed research aims to understand how
horizontal expertise development may be operationalized through a de scaffolding process.
Furthermore, within the context of CTE, the research aims to generate insights on how curricula
may be designed to effectively prepare high school students for careers in engineering and
engineering innovation and design.

3. CTE Course and Class Organization

In order to achieve the objectives of the proposed research, the authors, part of a research group
at Texas A&M University, have developed a curriculum for a CTE course, with the support of
grant funded by National Science Foundation through ITEST Program. The developed CTE
course is being taught at the new CTE Center in Bryan Independent School District (BISD), TX.
The CTE class consists of 18 high school juniors and is organized into two groups (with the
strength of 11 and 7 students). Each of the groups is taught two days a week for 3 hours

4. Course Development

4.1. Justification for Course Content and Delivery

The course content was designed to help students develop competencies spanning the
prototyping of one technology entity to the production of many — all within a context that enables
the students to see the relevance of and connections across these technologies and processes. For



students to learn prototyping, engineering technologies included in the course were digital
fabrication, micro-computer-based electronics, and programming. The course includes topics on
production processes so students learn how to mass-produce the prototype and topics on
production management for students to learn how to manage the mass manufacturing of designed
prototype. The strategy adopted while teaching students the engineering technologies was to
teach students the theoretical concepts followed by the application of these concepts through in-
class small projects and exercises so students understand the concepts and are able to apply the
tools for prototyping. In order to teach topics of production processes and production
management, theoretical concepts were explained followed by discussing practical application of
these concepts in real-life manufacturing industry scenarios so that students understand the
context in which these concepts are applied along with their application while performing the
mass-production.

4.2. Course Description

4.2.1. Year 1

Year 1 of the course will be focused on Operational/Tactical Knowledge and Skills of the
engineering components and production processes to serve an authentic community-focused goal
of preparing hands-on kits for science learning and supporting their deployment in a local
elementary school. Table below provides an overview of in focus and scaffolded topics that will
be covered in semesters 1 and 2 of Year 1. There are three cycles per semester and each cycle is
of six weeks.

4.2.1.1. Semester 1:

Manufacturing Planning and Control:

Students were introduced fundamental concepts related to manufacturing processes and control.
In context of this course, the term manufacturing, and related terms of production, refers to
‘making of many’. The topics covered were: introduction to manufacturing systems, Master
Production Schedule, Material Requirement Planning, Inventory Management and Control, and
Introduction to Lean Production. The scaffolded aspects of electronics and digital fabrication
were covered through the examples (e.g., mass manufacturing of LED lights for decoration
purpose) given when discussing the manufacturing concepts. Instructors taught students each
electronics concept by initial exposure to theoretical concepts (e.g., Instructors introduce students
to the concept of master production schedule by explaining the importance of scheduling to meet
production goals in manufacturing setting, and giving high-level explanation on how to construct
such a schedule based product assembly and goal duration) and were then given an exercise to
connect theory to practice (e.g., students making a schedule to complete a mock production run
of making 100 sandwiches in 4 hours).

Electronics and Programming:

Students were given a high-level introduction to electronics (e.g., Ohm’s law). In support of
these concepts, students work with analog tools such as breadboards, multimeters, power
supplies, wires, or soldering irons. Students engaged in electronic fabrication by first using
breadboards to test circuit designs. Students completed their circuit designs by applying solder
to components together via copper tape, cardboard, and customized wires made via crimping
connectors and applying heat shrink. The concepts of manufacturing were scaffolded while
discussing the mass production of designed electronics prototypes (e.g., material requirement



plan to procure raw material quantities to manufacture 100 units of clap activated light switch).
Students applied their electronics skills by creating switches and connectors for use across
different project settings. In addition, students developed a production schedule to manufacture
thousand units of such paper switches.

4.2.1.2 Semester 2:

Digital Fabrication:

Students will learn how to use basic shop/power tools and 3D printers. Instructors will teach
students basic CAD CAM skills (e.g., camera space manipulation, model transformation,
boolean modeling techniques, and consideration of real-world dimensions for eventual
fabrication). The concepts of production management (e.g., quality management while 3D
printing, supply chain in online 3D printing service) will be scaffolded while teaching concepts
related to digital fabrication. Students will be first taught the basics of operating the CADCAM
program such as using the boolean tool to create new models by either adding or subtracting
geometry. Following which, students will be given a small assignment to apply their knowledge
(e.g., use the boolean tool to create a key through the addition and subtraction of primitive
geometry in the workspace).

Production Management

Students will be given a high-level introduction to production management including quality
management, sales and operations planning, forecasting, customer service, and basics concepts
of supply chain management. The scaffolded aspects of electronics and digital fabrication will be
covered through the examples (e.g., overview of supply chain for commercial, custom 3d
printing service, quality control in mass-manufacturing of electronics) given when discussing the
production management concepts. Students will be taught by initial exposure to theoretical
concepts (e.g., demand forecasting) and are then given an applied example that connects theory
to practice (e.g., application of demand forecasting by big stores to predict demand of seasonal
goods and order stock). In-class exercises will be given for students to apply the basic concepts
of production management (e.g., forecasting coffee demand based on historical sales using basic
quality control charts like X bar, and R chart).

4.2.2. Year 2:

Year 2 of the course will focus on Tactical/Strategic Knowledge and Skills where student move
from production to design, innovation, and entrepreneurship. Semester 1 of year 2 will focus on
students doing end-to-end production of kits for elementary schools. In addition, students will act
as consultants in designing products for local businesses for low-volume, high variability
production scenario. The students will apply skills learned in semester 1 and semester 2 to come
up with design solutions. In semester 2, the students act as consultants to help produce the
products using the design proposed in semester 1. The challenge projects for students to work on
are currently being decided with assistance from a local business incubator.

4.3. Course Evaluation

The students’ understanding of concepts will be evaluated by tests administered after teaching of
a new topic (e.g., material requirement planning in manufacturing planning and control, boolean
modeling techniques in digital fabrication). The tests will be composed of short answer questions
(e.g., multiple-choice, true-or-false, fill-in-the-blanks) and extended answer questions (e.g.



explain-the-concept, discuss-with-example). In addition, a group discussion of case study
scenarios (e.g., set up production process for making cloth masks) will be conducted to evaluate
students’ ability to effectively apply learned principles. Furthermore, we will employ instruments
like the Academic Self-Description Questionnaire I (ASDQ-II) and the Scientific Possible
Selves Inventory are the instruments to examine students” STEM identity development
throughout the course. The Academic Self-Description Questionnaire I (ASDQ-II) [5] includes
a subscale of science self-concept that includes 8 items that assess identification with and
perceived efficacy in science (e.g., “Compared to others my age I am good at COMPUTER
STUDIES classes™). The Scientific Possible Selves Inventory [6] includes four subscales related
to STEM identity: i) hoped-for scientific possible selves (e.g., “I expect to go to college and get a
degree needed for a job in science”™), ii) expected scientific possible self (e.g., “I am confident
that I can get better grades than other students in science classes”) , iii) feared scientific possible
selves (e.g., “I worry that I will not get good grades in science classes”), and iv) strategies and
plans related to science possible selves (e.g., “I want to take as many science classes as possible
next year”).

4. Preliminary results and analysis

Two focus groups were conducted before and after semester 1 of the CTE course work via
remote teleconferencing (i.e., Zoom) in compliance with COVID-19 guidelines of BISD. Video
and audio data were collected for the focus groups. Each focus group followed a semi-structured
format where mentors ask a pre-defined sequence of questions regarding Making and
Manufacturing, diving deeper into questions based on participants’ responses. We asked three
types of questions to initiate the discussion on the Making and Manufacturing, along with
identity-focused questions to gauge students’ self-efficacy. Qualitative data analysis was
conducted on transcribed video data and notes. Qualitative coding followed a grounded theory
approach as employed by Charmaz and Strauss [62]. The coding procedure was conducted by a
team of three coders. After completion of open coding by a single coder, the other 2 coders
reviewed the codes generated. The inter-rater agreement was at 90.3%.

The increase in the students’ knowledge of electronics and programming after the course was
evident from students being able to exactly identify the tools and components needed for Making
and justify their choices. Before the course, students had some level of familiarity with the
components needed to build objects such as PCs, watches, shoes, or robots but were not quite
able to describe specifically what types of components they would need (Instructor: “Okay.
Alright so let’s- so with that in mind, what would you need to make, what would you need to
make any of these things I just mentioned right now?” Student 1: Material? Instructor: “Yeah,
so for example we did like for example on the case of the PC what stands out to you that we,
what we would need to make that?” Student 1: “Motherboard. We need the shell. The fan. The
battery. Some wires.” Student 2: “Obviously, electricity. Obviously, power supply.”). After
exposure to the course, in the second focus group, one group expressed interest in making an RC
boat and incorporated their familiarity with Arduinos to describe closer what they need and why
for the product (Student: “We need to know how to do coding ... we need a mold for the boat we
need a motor, we need to begin for me that is the power, about.”).

Similarly, students’ level of knowledge and understanding of manufacturing concepts had grown
after the course. In the first focus group, students had a cursory knowledge of manufacturing



concepts but they lacked familiarity with terminology, the description was vague, and lacked
logical grounding. (e.g., Instructor: Suppose you need to order and store raw material for
making 10000 masks, what will be your strategy? Student: Start with the tracking how much you
will need for a batch you make...we probably need to have the means to transport things back
and forth from a warehouse or have the warehouse be on site.). In the second focus group, based
on the answers provided for a question about a hypothetical mass-manufacturing scenario,
students demonstrated familiarity with terminology, clarity in the description, and logical
organization of the process. (e.g., Instructor: Supposed you are tasked with manufacturing 10000
skateboards in one month, what will be your raw material ordering and storage strategy?
Student: In that case, we should order the raw materials bi-weekly, and that our maximum
storage capacity should be 5000 for the material so as to ensure economy of space).

5. Conclusion and next steps

A 2-year (4 semesters) CTE course operationalizing horizontal learning through de-scaffolding
has been developed and results from the first semester indicate that the course is effective in
helping students develop multiple competencies simultaneously. While delivering the remaining
part of the course, we plan to observe, measure, and analyze how the students’ knowledge in
subsequent semesters is carry-forwarded to the next semesters. The conclusions from this
analysis will be used to make modify the curriculum to make it more effective. We plan to make
our findings and developed curriculum available for broad dissemination to precollege science
and engineering educators through publication on websites, presentations at educational
conferences, and other professional development workshops.
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