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garnering interest in a scientific topic, it is difficult to judge or prove whether participants 
learn and retain information that is presented in this manner.   

 A large number of factors impede the objective study of education 
outcomes in the classroom.  It can be difficult to recruit student cohorts of the desired 
background, and few instructors have additional lecture time to add new educational 
modules at the possible expense of poor student outcome.  When more time is allotted, it 
is difficult to prove that new modules on a topic that increase overall lecture time are 
more effective tools than simply increasing standard lecture time by the same amount.  
Additionally, identical teaching styles in the hands of two different professors may have 
drastically different outcomes, making results difficult to judge across separate 
classrooms.  While it is impossible to have a perfect control group of students given 
these and other ethical dilemmas (is it unfair to deprive a student of a potentially better 
learning experience?), every attempt to control for these variables was made by giving a 
classical lecture on phase diagrams to a standard undergraduate class.  Students in this 
class were of similar grade level to the Chocolate class cohort (those students 
participating in a one-credit mini-course during the Intersession month), though they did 
have more scientific background on average, which is noticeable in the higher-scoring 
pre-tests that all students completed.   

Course design and outcomes: 

Binary phase diagram instruction 

For the control class (n=18), a fifty-minute PowerPoint lecture on binary phase 
diagrams and their interpretation was developed based on standard undergraduate 
materials science requirements.  This lecture included a time for group work where 
students were asked to anticipate a potential phase diagram of two substances, given 
limited background information or examples.   These same lecture materials were used 
for the food-based Intersession course (n=20), only changing the presented examples to 
include a phase diagram of chocolate and milk instead of two metals.  Students in both 
classes were given identical pre- and post- tests, which they knew were anonymous and 
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Figure 1(A) The eutectic phase diagram used to test students on basic binary phase diagram understanding and (B) Student test score outcomes 
from both classes showing significant learning gains. 
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for research purposes only.   
From the subjective point of view of the instructor, there was a difference in 

student activity during group work between the two courses.  With the exception of a 
rare student who had previously learned the topic, the control class was not motivated to 
put any guesses or work on the blackboard as instructed, and had minimal group 
discussion to better understand the metal phase diagram.  In the Intersession course, once 
a few students realized that “hot chocolate” and “ice cream” would be present on such a 
phase diagram, other groups were quick to copy this train of thought, and there was 
obvious discussion and explaining between students as they sought to fill in the standard 
binary phase diagram.  However, as the Intersession class had been previously divided 
into working groups earlier in the month where the control class had no such system, this 
is not necessarily a valid comparison of student working interaction. 

The pre- and post-tests asked fill-in-the-blank questions to allow for an 
objective scoring system.  Most of the questions asked students to identify the material or 
phase in a particular section of a eutectic phase diagram, or which temperature was 
associated with a melting point.  In the pre-tests, Intersession students scored 
significantly (p<.05 by student t-test) lower than the control students, which was not 
unexpected since the control students had an engineering background and were familiar 
with interpreting similar diagrams, despite not necessarily being familiar with eutectic 
examples.  Both classes exhibited substantial increases in test scores following the fifty 
minute lecture, with resulting scores that were nearly identical between both classes 
(Figure 1).  This was particularly exciting as many students from the Intersession course 
were self-proclaimed “not math people” in their intake surveys, but were able to achieve 
the same level of understanding as engineering students in this limited example.  While 
this particular example is limited in scope, it is encouraging to verify that substituting an 
engaging topic in a normal lecture does not seem to detract from the overall learning.   

Intersession course development 

Table 1 Average reported student interest in materials science, food science, and likelihood of taking further classes. 

 

The Intersession course, “Chocolate: An Introduction to Materials Science” was 
specifically advertised with a slogan “not a cake class, a chocolate class”.  This class was 
popular, likely due to it fulfilling certain general requirements for undergraduate 
students, and there was a significant waitlist shortly after registration opened.  In order to 
create an optimum student learning environment, an email was sent to all enrolled 
students with the syllabus attached and a reminder that the course would involve 
significant academic effort, which resulted in a few students dropping the course over the 
next few days and subsequently letting in a few students from the waitlist.  This self-
selection likely means that the class was composed of more motivated students than 
perhaps a random class average would be, and future course instructors do plan to use a 
similar system.   

Scale 1-5 
1=no interest 
5=high interest 

Interest in 
Materials 
Science 

Interest in 
Food 
Science 

Further Courses 
in Materials 
Science? 

Likely/Definitely 
Further Courses 
(number of students) 

Control 3.38 3.72 3.08 14/29 

Pre-Intersession 3.74 4.37 2.61 2/20 

Post-Intersession 3.92 4.38 2.84 8/20 
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stayed nearly identical, there was an interesting trend when the average of the absolute 
value of the student preference change was calculated.  More students indicated an 
increased preference for learning from lecture following the course, though surprisingly 
many students also felt like they learned less from the experiments themselves.  For 
many students, this was their first experience with a college laboratory setting, so this 
experience may have been eye-opening, for better or worse.  The most dramatic change 
was regarding student preference for group work, with a few students shifting 2 or more 
points on a 5 point scale.  This shift is likely due to independent student interaction in the 
groups, which had been assigned to ensure each group had students from both the hard 
sciences and the humanities.  Had this class been longer than one month, this student 
feedback would indicate that changing the groups may be beneficial to relieving potential 
personal strains that may have been interfering with learning, though not visible to the 
instructor.  

Follow-up outreach modules 

Due to the positive response of this course, additional small modules were 
created for outreach activities also focusing on using common, relevant examples and 
linking them to the normal materials science undergraduate curriculum.  One-on-one 
discussion with three high school students participating in a Women in Science and 
Engineering program at Johns Hopkins resulted in a small list of student interest topics 
largely related to beauty products (Figure 3).  Many of these products are ideal topics for 
explaining a variety of engineering topics, as shown.  Small, twenty-minute lectures for 
each topic were created for the students and followed by some verbal feedback.  Though 
not objectively measured due to the small sample size, student feedback was largely 
positive and students seemed engaged throughout the lecture and discussion questions 
relating to each topic.  Students also asked many follow-up questions, especially if they 
used the product, such as a type of moisturizer or hair styling cream.  Of particular note 
was a student discussing purchase of a different moisturizing cream weeks later, 
motivated by guided readings of medical literature that we had discussed in the module.  
This positive feedback and application and retention of knowledge leads us to strongly 
recommend the approach of designing curricula around the question  “Tell me a product 
you use and would like to know more about?” in the context of small mentoring or 
outreach programs where it may be possible.    
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Discussion Points:
Hydrophobic versus 
hydrophilic substances 
“Wetting” of a surface 
Hydrogen bonding 

Encourage Creative Thinking:
What should be considered for 
an engineer to create the best 
packaging for this product?

Is cocoa butter the best 
moisturizer?

How does my dark spot 
treatment work?

Discussion Points:
UV rays 
Chemical versus physical 
barriers 
How to find and navigate 
medically relevant scientific 
literature 

Encourage Problem Solving:
What are current problems with 
sunscreen, and what might we be able 
to better engineer?

https://doi.org/10.1557/adv.2017.635
https://www.cambridge.org/core
https://www.cambridge.org/core/terms


JD received funding through a Teaching as Research fellowship from the JHU 
CER, as well as a graduate research fellowship (GRFP) from the National Science 
Foundation.  We gratefully acknowledge Prof Martin Ulmschneider for use of his 
undergraduate class as our control group, Prof Tim Mueller for the use of some of his 
slides from his own undergraduate chocolate module, Prof Michael Falk for guidance 
and inspiration to pursue educational research, Prof Jonah Erlebacher for supporting the 
conception of this course, and especially Prof Howard Katz for his constant mentorship 
and guidance. We thank the entire JHU Department of Materials Science, specifically 
Mr. Bryan Crawford, for supporting this with experimental help and feedback.  JD 
thanks her students for providing their helpful feedback and relentlessly positive energy.  
We also acknowledge and highly recommend Stephen Beckett’s “The Science of 
Chocolate” for providing fantastic general background information and additional ideas 
for experiments [9]. 

References: 

1. D. Ebert-May, C. Brewer, & S. Allred, Innovation in Large Lectures: Teaching for 
Active Learning. BioScience. 47, 601–607 (1997). 

2. I. Milne, A Sense of Wonder, Starting Point for Inquiry in Primary Science. Science 
Education International, 21, 102–115 (2010). 

3. P. A. Kirschner, J. Sweller, & R. E. Clark, Why Minimal Guidance During Instruction 
Does Not Work: An Analysis of the Failure of Constructivist, Discovery, Problem-
Based, Experiential, and Inquiry-Based Teaching. Educational Psychologist, 41(2), 75-86 
(2006). 

4. B. Criswell, Framing Inquiry in High School Chemistry: Helping Students See the 
Bigger Picture. Journal of Chemical Education. 89, 199–205 (2012).  

5. C. A. Chinn & B. A. Malhotra, Epistemologically authentic inquiry in schools: A 
theoretical framework for evaluating inquiry tasks. Science Education. 86, 175–218 
(2002).  

6. G. Tannenbaum, Chocolate: A Marvelous Natural Product of Chemistry. Journal of 
Chemical Education. 81 (2004). 

7. M. J. Smith, Using Differential Scanning Calorimetry To Explore the Phase Behavior of 
Chocolate. Journal of Chemical Education. 93, 898–902 (2016).  

8. A. C. Rowat, K. A. Hollar, H. A. Stone, & D. Rosenberg, The Science of Chocolate: 
Interactive Activities on Phase Transitions, Emulsification, and Nucleation. Journal of 
Chemical Education. 88, 29–33 (2011).  

9. S. T. Beckett, The science of chocolate (Royal Society of Chemistry, 2000). 
 

ht
tp

s:
//

do
i.o

rg
/1

0.
15

57
/a

dv
.2

01
7.

63
5

D
ow

nl
oa

de
d 

fr
om

 h
tt

ps
://

w
w

w
.c

am
br

id
ge

.o
rg

/c
or

e.
 IP

 a
dd

re
ss

: 7
2.

22
.1

8.
19

5,
 o

n 
05

 M
ar

 2
01

8 
at

 1
9:

07
:3

9,
 s

ub
je

ct
 to

 th
e 

Ca
m

br
id

ge
 C

or
e 

te
rm

s 
of

 u
se

, a
va

ila
bl

e 
at

 h
tt

ps
://

w
w

w
.c

am
br

id
ge

.o
rg

/c
or

e/
te

rm
s.

https://doi.org/10.1557/adv.2017.635
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

