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ABSTRACT 

 

This article describes the design and delivery of a higher-level materials/manufacturing course that 

scaffolds the knowledge attained in one or a few preceding lower-level fundamental materials 

technology courses, with a new course syllabus and learning. The higher-level course implements the 

project-based experiential learning approach and employs reverse materials engineering (RME) 

analysis of household hardware items - which are used as instructional samples. Learning activities, 

centered around the application of coalescent destructive and non-destructive analytical methods and 

physics-based reasoning, encourage students to apply RME methods to further their learning about the 

structure, properties and composition of engineering materials in a practical context and move to a 

higher-level of abstraction towards an understanding of practical applications and limitations of 

engineering materials. Additionally, project-based experiential learning activities encourage students 

to practice a higher-order thinking to attain a depth of knowledge in the context that involves real-

world problems while engaged in projects that are relevant to learners. 

 
Keywords:  materials science education, engineering education, reverse engineering, project-based learning, 

learning through doing, STEM teaching 

 

 

1. INTRODUCTION 

 

Modern engineering graduates are expected to 

understand, analyse and provide solutions to 

broad and complex problems - and have a 

capacity and an ability to engage and exercise a 

multi-disciplinary and systematic approach in 

doing so. An additional challenge is that the 

graduates must apply the knowledge and skills 

gained in their undergraduate programs across 

broad employment opportunities that commonly 

include manufacturing and extractive industries, 

and engineering, health and medical services 1. 

These and other employment opportunities 
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require sound knowledge about the everyday 

materials (e.g., metals, polymers, ceramics) and 

special materials (e.g., paints, coatings, 

elastomers, etc.) and an ability to relate 

properties of these materials to their suitable and 

intended areas of application.  

 

A highly stratified curriculum is commonly 

employed in engineering programs (e.g., B. 

Eng., Dipl.-Eng.) 2, where materials engineering 

subjects are taught through somewhat abstract 

lower-level subject courses during the 1st and 2nd 

undergraduate years, to acquire basic knowledge 

about the engineering materials, basic 

manufacturing and/or materials processing 

technology. This makes it difficult for learners to 

attain the required depth of knowledge in given 

individual lower-level courses, relate and use the 

attained learning in the successive (i.e., 3rd and 

4th year) higher-level courses, unless appropriate 

instructional scaffolding is implemented in 

engineering training programs 1, 3. A possible 

solution to this problem is to offer of a higher-

level (e.g. 3rd or 4th year) materials/ 

manufacturing course that extends the required 

learning from the preceding lower-level 

fundamental courses and appropriately connects 

and reinforces the learning in a new course 

content.  

 

It is important that students are given an 

opportunity to develop knowledge that transfers 

to real-world practice in a way where the 

learning tasks are situated in the context of future 

use; therefore, a higher-level materials/ 

manufacturing course should, ideally, be offered 

in an authentic learning environment 4, 5, employ 

the elements of project-based and learning-

through-doing (aka. experiential learning) 6-8 

educational models. The latter teaching 

approaches are known to be highly engaging and 

supportive of students attaining and mastering 

the higher levels of operational knowledge and 

foster the development of creativity, 

resourcefulness, team-working and innovation 

in learners 9-12.  

 

Additionally, the core principles of a higher-

level materials/manufacturing course should be 

inclusive of the relationships between structure, 

property, processing, and application/ 

performance of materials 13, 14, and address 

higher levels of Bloom’s Taxonomy (BT) 

educational learning objectives 15. Specifically, a 

higher-level materials/manufacturing course that 

scaffolds learning from the lower-level 

engineering materials and materials technology 

courses must implement the following BT 

objectives: 

• application of information in a new 

context (BT Level 3),  

• sub-division of the topic(s) into 

understandable details (BT Level 4),  

• evaluation of the students’ learning (BT 

level 5),  

• offer research(er) level engagement (BT 

level 6) 15; 

Once implemented, these objectives will, 

hopefully, develop students to be more 

generalist in their abilities 16. For the latter, it is 

argued, that while the university education has 

been very effective in preparing the students to 

be specialist and/or discipline experts, the 

current employment market demands exactly the 

opposite, namely, for the students to become 

more generalist 16, possessing a wide array of 

(adequate) knowledge on a variety of subjects. 

In this context, analogy can be drawn from 

behavioral biology, which describes generalist 

species as those able to thrive in a wide variety 

of environmental conditions and can make use of 

a variety of different resources; specialist 

species, however, can only thrive in a narrow 

range of environmental conditions 17. 

 

This article presents a pedagogical approach in 

the design and delivery of a higher-level 

materials/manufacturing course whose learning 

activities address the content, instructional 

delivery and student training concerns 

highlighted above in the context of materials 

education. The one-trimester, core, higher-level 

course accomplishes this goal by effectively 

utilising project-based experiential learning 

approach employing reverse materials 

engineering (RME) analysis and uses household 

hardware items as instructional samples.  
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The course is offered in the 3rd year in a B. Eng. 

engineering program to students who have 

successfully completed lower-level courses and 

possess basic, fundamental knowledge about the 

chemical composition, mechanical properties 

and technological processing methods of 

common engineering materials such as metals, 

ceramics, and polymers. Learning activities in 

this course are centered around the application of 

destructive and non-destructive analytical 

methods and physics-based reasoning. Learning 

activities encourage students to apply methods 

of RME to identify physico-chemical properties 

of basic and special-type of engineering 

materials employed in fabrication of 

instructional samples.  

 

The course also instructs students to identify 

inter-relationships between properties of 

constituent elements of the samples in order to 

progress to a higher-level abstraction and attain 

comprehensive understanding about how 

fundamental properties of materials and material 

processing methods that define the final design 

and manufacturing routes of a product and 

effectively offers an opportunity for generalist 

student training in materials science and 

materials engineering. 

 

 

2. COURSE FRAMEWORK AND 

LEARNING OBJECTIVES 

 

2.1 Course  elements 

 

In order to pursue higher-level educational 

learning objectives, new educational approaches 

should be used, specifically those that have been 

shown to successfully facilitate an inspiring 

learning environment and positively engage 

students in their learning, such as authentic 

learning 4, 5, project-based and learning-through-

doing 6-8 educational models. Courses should be 

designed in a way to create authentic student 

achievements, so that students can actively 

experience the feelings of practicing 

professionals 18.  

 

The important element in the higher-level course 

is an open-ended research project offered in 

‘workshop’ teaching sessions. The project is 

identified at the beginning of the course in order 

to establish a central educational and student 

practice theme that also continues through the 

course. The course is timetabled to include one 

2-hour lecture, one 1-hour tutorial/practical each 

week and, six 2-to-3-hour workshop sessions 

during each teaching term. Workshop activities 

are split into two equally weighted and co-joined 

themes, the first one is delivered at the beginning 

of the teaching term and focuses on RME 

analysis and materials selection, the second one 

focuses on manufacturing system design and 

utilises research findings from the first set of 

RME workshop sessions.  

 

The workshop sessions provide students with the 

opportunity to test, discuss and clarify their own 

ideas on the course material and to develop their 

cognitive, analytical and numerical skills in 

application to the course syllabi and address the 

BT Level 3 – 6 objectives 15 introduced earlier. 

The workshop sessions are offered in an 

interdisciplinary teaching laboratory environ-

ment where a bench experimentation (wet lab), a 

computer-assisted classroom learning (dry lab) 

and a fully equipped technical (machining) 

workshop, support practical learning in the 

project. The teaching space is designed to mimic 

a workspace of a professional laboratory 

environment and is equipped with tools, 

instrumentation and equipment that allows 

students to conduct advanced-level experiments 

and analysis. 

 

The lectures enable the students to understand 

the theoretical and practical aspects of the course 

material in a large group setting; in the lecture 

communication is by large a one-way 

communication from a lecturer to students. 

Student participation is encouraged but limited 

to the timeframe and the delivery mode of the 

lecture. 
 

The tutorials require active student participation 

through the use of questions and is an effective 

two-way communication process. Tutorial 

sessions include hands-on and group learning 

activities to enforce the topical learning provided 

in a lecture and also use conventional question-
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and-answer teaching mode. Tutorial questions 

are designed in a way to allow students to 

practice their learning independently and 

unsupervised. Tutorials are offered with an 

expectation that students allocate a minimum of 

1-hour per week towards their studies, as it has 

been argued that the teaching approach which 

carefully uses self-directed and self-regulated 

learning fosters students’ learning 19. 

 
The course contains two formal closed-book 

written examinations, one a 45-min. 

examination is offered during the middle of the 

teaching team and comprises a set of multiple-

choice questions and a final 2-hour examination 

- which is offered at the end of the teaching term 

and comprised of both multiple-choice and 

constructed response questions. Both the mid-

term and the final examinations are connected to 

specific learning objectives of the course (see 

Section 2.3). 

 
2.2 Course topical content 

 

The higher-level engineering course introduces a 

variety of advanced materials, along with their 

properties and focuses on means of modifying 

materials properties by either mechanical, 

thermal or chemical methods.  

 
Students are required to possess a sound basic 

knowledge from a lower level pre-requisite 

materials-focused course about the composition, 

properties, processing and applications of 

common engineering materials and their 

interrelationship, as represented in a quaternary 

materials application in engineering diagram 

(see Figure 1), concerning basic metals, 

ceramics, polymers/elastomers and composite 

materials. 

 
Generally, a lower-level material technology 

course covers the conversion of materials into 

desired products by means of application of 

various appropriate-to-the-product fabrication 

and/or production (e.g., turning, casting, 

welding, etc.) processes and manufacturing (e.g., 

assembly, etc.) processes and thus it is essential 

for students to be able to understand how various 

manufacturing processes are integrated to form a 

manufacturing system capable of adapting to a 

variety of inputs to produce desired products on 

demand. The higher-lever course also introduces 

manufacturing system design, manufacturing 

quality control and testing (destructive and non-

destructive) that address these learning needs. 

 

 

Figure 1. Quaternary diagram of materials’ 

application in engineering, showing the 

interdependence of materials structure/composition, 

synthesis/fabrication/processing route(s), properties 

and the targeted performance/application area(s). 

 
In the higher-level materials learning curricula, 

engineering materials such as ferrous (e.g., plain 

low-, medium- and high- carbon steels, stainless 

and special alloyed steels and irons), non-ferrous 

(e.g., Cu, Zn, Al, Mg, Ti) elemental metals and 

their alloys, ceramics (e.g., metal oxides, 

silicates and nitrides), surface coatings (e.g., 

paints, chemical conversion coatings, etc.) and 

adhesives (i.e., structural, non-structural and 

special adhesive systems) are examined with 

respect to their fabrication and/or synthesis, 

structure, mechanical and physico-chemical 

properties with a greater depth and strong(er) 

emphasis on their applications and performance 

in diverse environments 20, 21.  

 
2.3 Learning objectives  

 

After successfully completing the higher-level 

course, students will be able to meet the 

following course learning objectives (LOs): 
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i. Select appropriate materials for specific 

application considering user/operating 

environment and product design 

constraints and validate the selection; 

provide alternative or substitute 

materials if necessary; 

ii. Apply a range of destructive and non-

destructive methods in analysis of an 

engineering component to determine its 

physico-chemical properties and the 

likely technological processes used in its 

manufacture; 

iii. Describe the manufacturing processes 

for modification of physical properties of 

material surface (i.e., mechanical, 

chemical, thermal, etc.);  

iv. Select appropriate technological and 

manufacturing methods for fabrication of 

engineering components, justify the 

selection and suggest alternative 

method(s) where appropriate;  

v. Apply the knowledge of metrology, 

quality control and 

monitoring/inspection to manufacturing 

of products, including the application of 

both destructive and non-destructive 

materials inspection and testing 

methods;  

vi. Develop a concept of a manufacturing 

system capable of delivering desired 

product and identify strategies for a one-

off, batch or mass production;  

vii. Develop an active career plan to prepare 

yourself to join the engineering 

profession in industry. 

 

The LOs i – iii allow students to practice RME 

in application to materials testing, identification 

and selection; the LOs iv – vi use the RME 

approaches towards the design of an appropriate 

manufacturing system (subject to a forthcoming 

publication). The LO vii encourages the students 

to integrate the knowledge about themselves 

(e.g., academic training, personal skills, talents 

and aptitudes) 22 prior to joining the engineering 

profession in private industry, academia or 

government in a form of a formal reflective 

assessment and is a part of a mandated learning 

component by the Institution of Engineers 

(Australia).  

 

2.4 Course assessment details 

 

The course employs project-based experiential 

learning in a form of a term-long research project 

delivered though student workshops that 

scaffolds the central educational and practice 

topics in the course. Formal assessment items 

(AIs) in the course include the following:  (1) 

research project (a written report completed in a 

group, contains an individual self-and-peer 

assessment component), worth 25% of the total 

course marks; (2) mid-term examination (an 

individual assessment comprised of a set of 45 - 

50 multiple choice questions), worth 15%; (3) 

active career plan (an individual assessment, 

contains an individual reflective report), worth 

10%; and (4) final exam (an individual 

assessment comprised of multiple-choice and 

constructed response questions), worth 50%. 

The final written examination provides a mean 

of a formal test of a student’s knowledge and 

proficiency in a subject and, also forms a pass 

component for the course. 

 

All course AIs address the LOs set for the 

course, namely, the research project addresses 

the LOs i- vi, the mid-term exam addresses the 

LOs i - iv, the active career plan – LO vii, and the 

final examination addresses the LOs i- vi. All 

AIs have been devised and developed in-house 

and are not available commercially. The AIs are 

regularly updated, evaluated and moderated and, 

as such, new instructional items for the project 

are purchased every year from different 

commercial suppliers, the delivery of the project 

(incl. marking) is monitored and moderated by 

the course convenor across all University 

campuses; the mid-term examination questions 

are re-worked and renewed annually; the 

constructive answer questions in the final 

examination are formulated and devised every 

year and the multiple-choice questions are re-

worked annually and selected from a large 5-

year-old pool of questions. 



112  Rybachuk 

 

Journal of Materials Education Vol. 42 (1-2) 

 

3. REVERSE MATERIALS 

ENGINEERING PROJECT 

 

Students, working in groups, (up to six members 

for large classes) are issued an instructional 

sample - a relatively complex commercial 

consumer product (e.g., water sprinkler 

assembly, handyman tool, plumbing fitting 

component, hand clamping tool, turret-head hole 

punching tool, etc.) priced under $40 AUD, 

which students are required to keep until the end 

of the teaching term. The instructional item is 

carefully selected for it needs to contain: a) 

ferrous metals (e.g., steels and irons), b) non-

ferrous metals (e.g., Al, Cu, Ni, Zn, Mg, etc. 

based alloys), c) coating (e.g., painted or 

electrodeposited coating, etc.) and d) 

polymer/elastomer materials in one or few of its 

constituent parts or components. 

 

In the first step, the students are required to 

examine the instructional item, perform 

extensive RME materials property tests in order 

to deduct, with a reasonable degree of certainty, 

a type of the material alloy (i.e., identifying the 

alloy by base metal and, a group of steel and its 

type) and the types of material modification 

methods (MMMs) (i.e., heat treatment, 

mechanical surface treatment, etc.), which were 

used in its manufacture addressing the LOs i – iii 

(see Section 2.3).  

 

In the second step of the project, students are 

required to suggest suitable alternative materials 

and alternative MMMs for production of a given 

instructional item, addressing LOs iv – vi (see 

Section 2.3). The first and the second step 

constitute two parts of the project, which are 

introduced sequentially.  

 

The aim of the project is to produce exactly the 

same product as issued to the student group with 

the matching appearance and application 

characteristics, by using suitable alternative 

materials and alternative MMMs. Such an 

approach encourages students to learn about the 

appearance, structure and properties of materials 

that constitute the instructional item first-hand 

and, additionally, explore suitable alternative 

materials selected by reference to their physico-

chemical properties and appropriateness for a 

given application including the surface finish, 

durability, machinability, the ease of 

maintenance, recyclability, and apparent 

manufacturing cost.  

 

Students are instructed to seek to develop an 

engineering materials solution to a new reverse-

engineered product, which should have the same 

dimensions and geometry as the supplied 

instructional sample. The constituent parts of the 

reverse-engineered product are required to be 

made from different to ‘as-identified’ materials, 

have a different surface coating(s) and should 

display different surface finish(es) than the 

original product. Some of the original non-

performance parts of the instructional item, such 

as fasteners (e.g., rivets, nuts, washers, etc.), are 

also encouraged to be evaluated, and where 

suitable alternatives are available for these parts, 

the alternatives should be used. The team is also 

required to suggest suitable alternative 

packaging that meets the transportation, storage 

and handling characteristics of the original 

instructional item. Students are reminded that 

evaluation of fasteners and packaging is not the 

main focus of the project and no changes or 

improvements to the existing design of the 

instructional item are needed. 

 

The team must first identify the type of 

engineering materials and/or coatings used in the 

original product employing a range of available 

destructive and non-destructive materials testing 

methods, detailed in Table 1 (tests 1 – 15). The 

physical testing includes visual (incl. 

microscopic) and tactile examination, 

drop/sound pitch test, electrical conductivity and 

magnetic susceptibility inspection, thermal 

degradation, spark and chemical inertness tests, 

mechanical surface penetration, abrasion and 

machinability tests, hardness testing using 

Rockwell and/or Vickers instruments, virtual 

simulation of mass density using a computer 

aided design software package. Each destructive 

and non-destructive materials testing method 

presented in Table 1 is supplemented by 

appropriate literature and references, that 

students are able to effectively use in their 

learning.  The student team may choose to use a 
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Table 1.  Destructive and non-destructive materials property tests available to students to test 

instructional samples in the project. (Note: PPE stands for personal protective equipment) 
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few or all of the RME testing methods listed in 

Table 1 to analyse their instructional samples, 

selecting the most suitable and mutually 

complementary testing methods from Table 1 for 

a given part provides a higher level of learning 

in the materials science context of the project.   

 

Notably, it is expected that students undertaking 

the course should be able to distinguish basic 

engineering materials such as a low carbon steel 

from a stainless steel, a pure copper from a brass 

alloy, and a PVC from a polyurethane through 

previous training; however, it is understandable 

it would be difficult for an average learner to 

differentiate one group of ferrous metals from 

the other 16.  

 

To accommodate for such a possible learning 

deficiency, a large set of carefully selected 

physical material samples, denoted as ‘Materials 

Library’, comprising of over sixty (60) items, 

was made available for all practical learning 

activities in the project. The Materials Library 

contains the most common ferrous, non-ferrous 

engineering metals (i.e., elemental metals and 

alloys) and hydrocarbon polymer samples sized 

1001005 mm. Students are encouraged to use 

the Materials Library samples as visual and 

tactile references in their learning.  

 

Additionally, students are encouraged to use 

metallography facilities available at the School 

for detailed surface analysis to supplement or 

ascertain their findings as the teams see fit. 

Student teams are required to identify the type(s) 

of MMMs which were likely employed to alter 

the intrinsic properties of original materials in a 

given part or a component, justify both the 

material and the process selection approaches 

and include suitable material and process 

alternative in the written report. 

 

During the destructive and non-destructive RME 

project activity, students are able to deepen their 

knowledge in materials science, become familiar 

with experimental materials testing methods and 

acquire basic understanding about the relevant 

development stages for an engineering product 

and production planning design in a project-

based learning. Additionally, it is during the 

RME project activities students are able to attain 

the required professional attributes that address 

the BT Level 3 – 6 objectives 15.  

 

3.1  Project assessment details 

 

Students are required to prepare and submit a 

page-limited written group report that includes 

all formal sections common in a workplace of a 

professional laboratory and/or corporate 

engineering environment. The written report 

starts with a Title page and contains Group 

Declaration, Executive summary, Table of 

Contents, Personal Contribution statement, 

Figures, Tables, References in the main body of 

text and Appendices. Appendices contain 

supplementary material that is not an essential 

part of the text itself, but which may be helpful 

in providing a more comprehensive 

understanding of the research problem. 

Appendices may contain engineering drawings 

of the fully assembled instructional item and its 

constituent parts to facilitate a better 

understanding of the form and function of the 

product and its individual components.  

 

The written report must contain sufficient 

analytical and technical measurement data, 

including images of materials’ surface topology, 

possible images of fracture, surface vs. bulk 

images, measurements data on materials 

properties such as conductive/non-conductive, 

magnetic/non-magnetic, surface reactivity 

and/or thermal exposure records, sample 

machining records, surface hardness 

measurements and other relevant measurements 

to convey a clear understanding how the team 

arrived at their conclusions about types of 

materials and MMMs used in the manufacture of 

a given instructional item.  

 

In instances where quantitative measurements 

were performed (i.e., Rockwell, Vickers 

hardness tests, etc.) the appropriate experimental 

values must accompany the test data with the 

mean, standard deviation from the mean, and the 

standard error given for the values reported. 

Students are also required to provide a reflection 

on possible measurement and/or test errors that 

may have contributed to experimental data 
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variation resulting in a possible mis-

identification of materials or their properties and 

encouraged to discuss possible discrepancies 

between the experimentally measured and the 

published materials properties and use relevant 

references to support their findings.  

 

Additionally, when preparing the report, 

students are required to reflect about 

a) how well the RME aims are met; 

b) possible reasons for any differences 

observed between the proposed and the 

measured materials property  data; 

c) other factors that the team should have 

considered at the product evaluation stage 

that may have influenced and improved the 

final project findings; 

d) any issues that might affect the quality 

of obtained materials data or had any 

significant influence the material selection 

process.     

The items a) – d) offer a research(er) level of 

learning engagement at the BT level 6 15. 

 

3.2 Self-and-peer assessment  

 

Students are encouraged to participate in a self- 

and peer- assessment (SAPA) 12, 23, 24 activity 

when submitting their written group project 

report. The purpose of SAPA is to provide a 

marker with an opportunity to apply discretional 

powers in the assessment of the group workings 

and adjust the final mark awarded for the written 

report based on individual contributions from 

each member in a group, differentiate between 

the efforts provided by each group member in 

the research process leading up to the submission 

of the research report and, to allow students to 

give and receive feedback from their peers, 

regarding their professional and team working 

skills in accordance with the BT level 5 15. 

Participation in SAPA also allows student 

groups to settle out and stabilise their group 

dynamics in accordance with the efforts made by 

each of the group member leading towards the 

submission of the final work. In an instance 

when an individual student and/or his/her group 

peers expressed their intent to participate in 

SAPA, the students were instructed to fill in the 

SAPA forms unobserved, place the forms in 

sealed envelopes and attach the envelopes to the 

written report, or hand the envelopes in to the 

assessor, at the time of the report submission. 

 

In the project activity, each individual student in 

a group is expected to  

(1)  attend scheduled workshops 

classes on-campus,  

(2)  participate in group meetings 

outside regular classes off-campus and/or 

online group discussions, 

(3)  contribute towards the written 

project report producing a measurable 

quantity of work (i.e., number of  written 

pages and/or completed sections in the 

report, etc.) and,  

(4)  contribute towards the written 

project report producing a measurable 

quality of work (e.g., data  acquisition 

and/or analysis, quality referencing, etc.),  

and, therefore, is able to reflect on their own 

and his/her peers’ engagement in the project. 

 

In addition to receiving the individual mark on 

the project report, students are provided with 

constructive written feedback regarding the 

report structure, presentation, content, their 

writing and research analysis skills and how the 

written project meets the marking criteria.  

 

 

4  COURSE EVALUATION AND 

STUDENT FEEDBACK 

 

4.1 Course evaluation 

 

The course design, delivery and teaching 

practices were formally evaluated using the 

proprietary university assessment and 

benchmarking system - student evaluations of 

course (SEC). The SEC survey is intended to 

promote a holistic approach to the analysis of 

student experience while maintaining data 

integrity standards, including confidentiality of 

responses. Additionally, the SEC survey gives 

students the opportunity to provide valuable 

feedback, which has the ability to change course 

design and teaching practices. The SEC is 

composed of five core questions that 

quantitatively examine the organization, 
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assessment, feedback, the degree of engagement 

in learning, and the effectiveness of the course in 

helping the students to learn on a scale from 1.0, 

being the least satisfactory to 5.0, being the most. 

The higher-level materials/manufacturing 

course attained scores ranging from 4.4 to 4.7 

out of 5.0 in the past three years, rated by student 

cohorts (population 30 – 82) with response rates 

of 25% or higher, clearly showing students’ 

satisfaction with the design, content, delivery 

and the attained practical learning in the course.  

 

4.2 Student feedback 

 

The students provided written feedback in 

addition to the quantitative SEC course 

evaluation at the end of the teaching term about 

the perceived relevance of the course syllabus to 

their training in BEng program and reflected on 

the suitability and the applied nature of the 

course. On average, each student provided 2.3 

comments highlighting the greatest strengths of 

the course, namely, a greatly improved 

understanding of the core course material and 

connection with the previous lower-level course 

training through project-based learning, using 

destructive tests in controlled environment, 

enjoyment of working with real engineering 

products and, most importantly - gaining the 

analytical skills in materials science that can be 

easily used in the real-world of engineering 

practice. Less frequently mentioned responses 

were concerned with the relatively large course 

content that required consistent and sustained 

effort to learn and practice and, the development 

of project and problem-solving skills in a group 

setting. All of the respondents positively 

reflected on the improved understanding about 

the relationship between the structure-property-

processing-application of the engineering 

materials gained through the application of the 

RME analysis, and how this relationship 

determined the final design and possible 

manufacturing routes of the final product. In 

2019, additional questions were included in the 

SEC survey, namely, Q7: ‘The industry relevant 

materials science and manufacturing topics in 

this course assisted my learning’ and Q8: ‘The 

scaffolding of the knowledge attained in 1st and 

2nd year Engineering Materials and 

Manufacturing Technology courses and 

enhancing it with new topics in this course 

assisted my learning’. In the cohorts of 

respondents taking the survey, 66.7% expressed 

a strong agreement (SA) and 33.3% expressed an 

agreement (A) with Q7 and Q8 questions, 

affirming the quality, delivery and, the 

appropriate-to-the learner, topical content of the 

course. 

 

 

5. SUMMARY AND CONCLUSIONS 

 

One of the most effective ways to accomplish 

effective learning is to involve students in 

original research 5, 18.  There are several 

constraints that prevent this approach from being 

implemented in engineering programs, 

particularly at institutions with large student 

enrollments. The open-ended project-based 

approach in laboratory environment, described 

in this article, simulates the research experience 

and facilitates the delivery of a higher-level 

materials/manufacturing course scaffolding the 

knowledge attained in one or a few preceding 

lower-level fundamental materials technology 

courses, with a new course syllabus and learning, 

and can be implemented in large-enrolment 

courses.  

 

The open-ended project that involves RME 

analysis of household hardware items is intended 

to engage the imagination, excitement and 

creativity of students, especially when paired 

with a large range of destructive and no-

destructive methods for materials analysis. It is 

evident from the course survey and the feedback 

that students welcome an opportunity to become 

engaged and work hard on problems that involve 

real commercial products in an authentic 

research environment, to further their learning 

about the structure, properties and composition 

of engineering materials in a practical context, 

and are often able to strengthen and reinforce the 

learning that, for some reason, was deficient and 

unsatisfactory from a lower-level fundamental 

materials technology courses. It is also evident 

that using the course model that employs the 

RME analysis supplants the traditional model of 

education of passive learners and active 
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educators, by a model where students take an 

active and responsible part in the learning 

process and faculty members that facilitate the 

learning by setting up an environment that 

challenges and empowers students.  

 

In the context of materials education, the course 

encourages learners to seek information from 

many sources, analyse the information and 

sources critically, formulate the major problems 

and sub-divide a broad problem into smaller 

parts that can be systematically solved (i.e. 

addressing the BT level 4 objective), evaluate 

the value of new information, self-evaluate own 

working, increased know-how, identify success 

and need for development (i.e. BT level 5 

objective), combine pieces of information into 

new scientific information (BT level 6), and 

work independently, collaborate in small groups 

and communicate information in oral and written 

way. Addressing these challenges is a 

fundamental task and this higher-level 

materials/manufacturing course offers, possibly, 

a new direction to guide students and faculty into 

a new holistic materials education approach, that 

can be extended to other upper-level courses in 

the engineering and materials science/materials 

engineering curriculum. 

 

 

ABOUT THE AUTHOR 

 
M.R. received a Ph.D. in Materials Science from 

Queensland University of Technology, 

Australia, in 2008, and is currently a faculty 

member at Griffith University, which he joined 

in 2013. The author’s research interests are in the 

field of materials engineering, specializing in 

plasma and condensed matter physics.  

 

 

ACKNOWLEDGEMENTS 

The author expresses appreciation for the critical 

review made by the anonymous reviewer who 

has taken time to thoroughly and professionally 

review the manuscript, provide valuable 

feedback, and ensure that the clarity, quality and 

content of the manuscript was improved, 

whenever possible. 

6.   REFERENCES 
 

1. T. G. Stoebe, F. Cox and I. Cossette, J. 

Eng. Tech. 30 (2), 24-30 (2013). 

2. M. C. Flemings and R. W. Cahn, Acta 

Mater. 48 (1), 371-383 (2000). 

3. J. Collofello and A. Hall, presented at the 

Proceedings - Frontiers in Education 

Conference, FIE, 2012  (unpublished). 

4. J. Herrington and R. Oliver, Educational 

Technology Research and Development 48 

(3), 23-48 (2000). 

5. J. Herrington, T. C. Reeves and R. Oliver, 

in Handbook of Research on Educational 

Communications and Technology: Fourth 

Edition (2014), pp. 401-412. 

6. J. Dewey, General Science Quarterly 1 (1), 

3-9 (1916). 

7. J. Dewey, Science 31 (787), 121-127 

(1910). 

8. F. Daver, Y. Abu Nahleh and R. Hadgraft, 

J. Mater. Ed. 37 (1-2), 1-16 (2015). 

9. J. J. Biernacki and C. D. Wilson, J. Eng. 

Ed. 90 (4), 637-640 (2001). 

10. K. Ma, H. Teng, L. Du and K. Zhang, 

Internat. J. Emerging Technologies in 

Learning 9  (9), 26-31 (2014). 

11. H. Li, A. Öchsner and W. Hall, Eur. J. Eng. 

Ed. 44 (3), 283-293 (2019). 

12. S. Palmer and W. Hall, Eur. J. Eng. Ed. 36 

(4), 357-365 (2011). 

13. M. E. Fine and H. L. Marcus, Annual 

Review of Materials Science 24 (1), 1-17 

(1994). 

14. P. J. Goodhew, T. J. Bullough and D. 

Taktak, Bull. Polish Academy of Sciences-

Technical Sciences 58 (2), 295-302 (2010). 

15. B. S. Bloom, Taxonomy of educational 

objectives: The classification of educational 

goals, 1st ed., Longman Group, Harlow, 

Essex, England, (1956). 

16. J. Hoddinott and D. Young, J. Eng. Ed. 90 

(4), 707-711 (2001). 

17. N. B. Davies, J. R. Krebs and S. A. West, 

An Introduction to Behavioural Ecology, 



118  Rybachuk 

 

Journal of Materials Education Vol. 42 (1-2) 

 

4th Edition ed.  Wiley-Blackwell, (2012). 

18. J. C. Wright, J. Chem. Ed. 73 (9), 827-832 

(1996). 

19. H. Jossberger, S. Brand-Gruwel, H. 

Boshuizen and M. van de Wiel, Journal of 

Vocational Education and Training 62 (4), 

415-440 (2010). 

20. W. D. J. Callister and D. G. Rethwisch, 

Materials Science and Engineering: An 

Introduction, 10th edn. , Australia and New 

Zealand ed. (Wiley, 2018). 

21. J. T. Black and R. A. Kohser, DeGarmo's 

Materials and Processes in Manufacturing, 

12th ed. Wiley,  (2017). 

22. F. Rosei and T. Johnston, J. Mater. Ed. 35 

(5-6), 127-134 (2013). 

23. D. R. Sadler, in Assessment, Learning and 

Judgement in Higher Education (2009), pp. 

45-63. 

24. N. Falchikov and J. Goldfinch, Review of 

Educational Research 70 (3), 287-322 

(2000). 

 

 

 

 




