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Abstract  
 

Students are typically introduced to material science concepts through PowerPoint lecture slides 

combined with online videos. Students are passively absorbing information and concepts from class. 

This approach does not provide students the opportunity to interact with introduced topics. Class 

demos are used to help students understand and link the effect of processing on material’s 

microstructure and thus its mechanical properties. 

Creating class-props helps in presenting various items of the material microstructure evolution and 

how it is linked to mechanical properties. These props will be utilized during class sessions as in-

class work. The aim is to encourage students to ask their questions, examine their understanding in 

an inviting environment within smaller groups. This will allow all students including disadvantaged 

and URM ones an opportunity to learn first-hand without the anxiety feeling of asking a question in 

the general class setting. Basic props were built over summer 2023. These were used in demos as 

part of measuring initial reactions and modifying them as needed. A baseline was established using 

some of these demos. These props and demos showed a positive trend helping to encourage and 

motivate students. This paper will go over the process of developing these props for both class and 

lab demos that utilizes previously developed kits. A baseline material concept inventory is also 

introduced. 

Introduction  
 

Classroom demonstrations are a common tool used to convey concepts in challenging subjects. They 

are used to help reinforce and stimulate students’ learning1,2,3,4 and increase their engagement2,5 . 

Engaging students in an interactive demonstration has been shown to have many benefits such as 

increased performance6 ; development of independent learning skills, critical thinking, and problem-

solving skills7 . Adding demonstrations increases enjoyment and positively impact learning 4,5 . 

Students often exhibit a lack of understanding or have misconceptions regarding concepts that our 

experiments had targeted. we proposed to introduce short demonstrations/activities that can be 

implemented with typical lab or classroom settings to help combat misconceptions. This mode of 

experiential learning increases student engagement, enhance learning, and increase the retention of 

concepts8. These activities can also be used as a tool to enhance critical thinking skills.   

When designing the demonstrations, we surveyed the literature for best practice guidelines9,10,11 . 

Milner et al. discussed the importance of observing a demonstration correctly to result in conceptual 

understanding. For instance, a lack of learning/understanding can occur when experiments do not go 

as expected. An essential element in an effective demonstration is in allowing the students to predict 

the outcome2,12. In addition to implementing this approach, we also strived to review the underlying 

physics and, where possible, include a hands-on element to actively engage the students and make 

the demonstration more interactive. Other elements we implemented included having the 

demonstrations be short, attention-grabbing, and performed in small groups. Using this framework, 
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as depicted in Figure 1, we developed short demonstrations/activities. Students are asked to take a 

concept quiz based on the basic material science prerequisite course. This concept quiz is presented 

in Figure 2. It has questions related to basic material microstructure, crystal structure, diffusion, and 

basic polymer material knowledge. The results of this conceptual quiz, that is taken at the start of the 

course, help identify conceptual issues that would need further attention. This may be utilized on 

prioritizing which class activities would be developed first. The formatting is through multiple 

choice and True/False questions. This quiz served two purposes; first, to help students identify 

whether they are ready for the following course or need to review some of the concepts. The second 

is to help design class demonstrations/activities to correct and enhance any deficiencies for the class. 

  

Figure 1 Proposed framework for implementation of demonstrations13.  

 

The following section will describe some of the recent experiential learning exercises that were 

developed and implemented in Fall 2023. Two lab demonstrations have been introduced and 

analyzed in a previous publication13. The current exercises can be completely done in a classroom 

setting, while the previous ones utilized liquid nitrogen that is more suited for a lab setting. These 

current activities will be followed by a quiz to check their efficacy compared to a baseline group 

who are not exposed to these activities. Both the baseline and study groups took the conceptual quiz 

to make sure that we started from a similar baseline knowledge. Findings of the next phase of the 

study will be communicated in future publications. Data on the student body demographics are being 

collected and part of it will help assess in more details the impact of such demonstrators/activities of 

URM students. It is worth mentioning that the recent demographic data shows more than 40% of the 

College of Engineering at Texas A&M students are from URM background14. 
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Figure 2. Basic material science concept quiz. 

 

Current Experiential Learning Exercises 
 

Based on the results of current run of the conceptual quiz, students showed more conceptual issues 

with the following areas 

• Interstitial space and ideas related to alloying of metals, 

• Slip systems, 
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• Grain size and grain boundaries, 

• Relations between temperature and grain size, 

• Mechanical metal and polymer tensile testing, 

• Cooling of liquid metal and its effect on grain size. 

 

To build these experiential demonstrators we have used ball magnets and ball bearing to resemble 

the atoms in the material. Figure 3-left shows a case where the interstitial spaces in between large 

atoms can be filled with smaller atoms. Students would receive these in the class and try to load 

them and experience how would this change the behavior compared to ones made of the same 

“atomic” size. Figure 3-Right demonstrates the preferred “slip system” That demonstrates that it 

would be physically easier to slip in a 45-dgree angle. Students get the chance to experience these 

and “feel” how much force is needed compared to trying to break on a horizontal surface.  

 

         
Figure 3. Atom size and interstitial spaces demonstrator. 

 
Other demonstrators are presented in Figure 4. The one on the right is based a short YouTube 

video15 that helps students understand and experience why we have point and line vacancies in the 

material structure. These demonstrates are provided to the students to try to make more and more of 

these grain possibilities and for them to observe how theses vacancies are formed while the whole 

structure is stable. 

Figure 4-right shows the similar structure but with “alloying elements” which are made of similar 

size ball magnets (colored). The rational behind it is to show that alloying elements may change the 

interatomic forces and thus with similar motion the students may have harder time generating as 

wide of a range of “grain sizes” compared to “pure” metals. The horizontal bar is introduced to 

demonstrates the dislocation movement and how it is easily achievable in pure metals compared to 

alloys. The students experience that a horizontal slip due to the bars motion will cause various slip 

direction in various grains. Students experience and feel how these are energetically different which 

emphasizes why alloys are stronger than pure metals. It also helps students see and feel the impact 

of the alloying element quantity and its relation to strength (opposition to slip in this case). 
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Figure 4. 2D representation of crystal structure (left) pure metals and (right) metallic alloys. 

 
The same demonstrators presented in Figure 4 are used to explain how temperature changes the 

energy levels in metals and can cause a complete rearrangement of the crystal structure and even can 

cause huge grains to form thus “softening” the material. The temperature is introduced as 

“vibration” 14 by placing these on shaker tables. Students experience in real time how the grains will 

merge and how they would form a much lager grain. The shaker table has various frequencies that 

demonstrate lower to higher temperature which helps the students link how annealing temperature 

and time are linked (the higher the temperature the lower the time needed to completely anneal the 

metal).  

The next set of demonstrators utilize the small kits developed by the authors16. These kits were 

developed for answering different needs but prove to be very practical to bring into a classroom and 

allow students to interact with them and get a first had “feel” of the various aspects of the activities. 

These kits are presented in Figure 5. The PUTM can be used for multiple types of tests such as 

tensile, three-point bending, compression and hardness test. we have been running both metal and 

polymer tensile tests in the classroom. These tests are manually driven, and students feel how much 

force is needed to complete the test since these are force driven not displacement driven kits. A 

pneumatic system is used to apply the loading. Samples are shown in Figure 6 that include polymers 

and metals. As depicted in the figure the metallic sample breaks clearly at 45-degree which 

resonates with the demonstrator described earlier. 

The personal foundry kit is used for melting low temperature metals in the classroom. Molds are 

used to produce samples that can be used in the PUTM. The kit allows students to see under a 

document camera how the phase change happens, and the instrumented kit can show how the 

temperature is fixed for pure metals during the phase change from liquid to solid and solid to liquid. 

This provides the students with a real time generation of the solidification cooling curves. By 

allowing the metal to cool down on the hot plate compared to the room temperature these kits can 

produce different grain sizes that could be visible on the specimen surface. It also helps demonstrate 

the casting Shrinkage (as depicted in Figure 7) and Gas Porosity defects. 
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Figure 5. Small lab kits (left) personal universal testing machine (PUTM) and (right) personal 

foundry. 

 

 
Figure 6. Various tensile samples used with the PUTM including polymer and metal samples. 

 

 
Figure 7. Various personal foundry casting samples showing shrinkage defect on the top. 
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Summary and Conclusions 
  

In summary, the aim of this work is to encourage students to ask their questions, examine their 

understanding in an inviting environment within smaller groups. This allows all students including 

disadvantaged and URM ones an opportunity to learn first-hand without the anxiety feeling of 

asking a question in the general class setting. Basic experiential learning demonstrators and props 

were built and used in demos and class exercises. By measuring initial reactions of the piloted 

setups, we are modifying and updating these demonstrators as needed. A baseline was established 

using some of these demos. These props and demos showed a positive trend helping to encourage 

and motivate students. Plans are to build augmented reality applications that will expand further the 

learning experience and try to encourage students learn. 
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