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Abstract 
The use of narrative (a story with a plot, characters, setting, climax, and resolution, i.e., fictional written 
text) makes science meaningful, relevant, accessible to the public, and creates strong memory traces. 

Most educational videos that teach STEM concepts focus on the accurate reflections of the concepts 
using hyper-realistic depictions. However, accuracy may not make the teaching materials more 
intuitive, accessible, or memorable. In our biomanufacturing program, we teach three bioprocess 
undergraduate & Professional Science Master's level courses chronologically, and some key concepts 
recur in these three courses. We noticed that: although students understood and memorized the 
concepts well in the previous course, they already forgot them just within a few weeks when attending 
the next level course. 

To inspire learning through emotionally engaging explanations that are relevant to students’ lives, and 
in an attempt to consolidate long-term memory, we propose using stories that humanize the teaching 
materials in STEM education. Based on this hypothesis, we asked a group of design students to 
define metaphors and build non-linear narratives to teach bioprocess concepts. The results were ten 
interactive scenarios for one topic (induction system for heterologous protein expression) that 
humanized the technical concepts and included narrative storylines relevant to popular culture in 
America and everyday English language. 

The design and development of those experimental interactive metaphors are student-centered with 
multidisciplinary collaborations. The “induction system” concept is an important but also complex “hard 
science” concept in biochemistry, microbiology, and molecular biology, etc. Students of the College of 
Design, at North Carolina State University (NCSU), worked with their advisor and an instructor from 
biomanufacturing program (College of Engineering, NCSU). They managed to understand and 
communicate complex and diverse scenarios with storylines relevant to daily life. 

To gain a better understanding of the pedagogical value, we were able to pinpoint the most appealing 
metaphors and scenarios that could be further refined from faculty feedback. 

Keywords: Story, Narrative, Interactive Metaphor, Student-Centered Learning, STEM Education, 
Biotechnology.  

1 INTRODUCTION 
The issue of short knowledge retention was observed within the Biomanufacturing Training and 
Education Center (BTEC) biomanufacturing program at North Carolina State University. We teach 
three fermentation courses in sequence. In each course, students learn key concepts that will recur as 
they progress through the sequence of three courses. For a specific concept, (i.e. the induction 
system for heterologous protein expression, the existing method is to describe the concept by a 
complex scientific animation (Fig. 1, Fig. 2). An in-class student questionnaire showed that only 33.3% 
of students remember the concept well when moving on the next advanced course, while 25% of them 
barely remember the concept and 41.7% needed to review their notes for details even though they just 
learned the concept several weeks ago. Although students are able to understand and accurately 
apply the key concepts in the first course, they have great difficulty recalling the concepts during the 
second or even third course. Consequently, students need to relearn these concepts, which requires 
faculty having to use valuable classroom time to reteach the material. This lack of retention reduces 
the time available to teach and learn concepts that are more advanced; thereby, making it difficult for 
students and faculty to achieve the required course advanced learning objectives.  
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Figure 1. Existing PowerPoint animation that shows the mechanism of lacI repressor and lac Operon in 

E.coli in the absence of an inducer in BTEC program. 

 
Figure 2. Existing PowerPoint animation that shows how the absence/presence of an inducer to turn off/on 

the target protein production in E.coli. : inducer, : repressor. 

The majority of educational videos in STEM that is similar as what our existing teaching materials 
focus primarily on the accurate reflections of the concepts using hyper-realistic depiction (i.e., 
technical animations or line drawings), but this accuracy does not necessarily make the teaching of 
STEM materials more intuitive, accessible, or memorable for students. Instead, the uses of mnemonic 
memory devices are needed to support retention in long-term memory. Among the diverse mnemonic 
memory devices available to aid long-term memory retention, the use of narratives (i.e., a fictional 
story with a plot, characters, setting, climax, and resolution) can make science more meaningful, 
relevant, relatable, and accessible to the students and create stronger memory traces [1, 2]. Linear 
narratives present stories in a logical and chronological manner while nonlinear narrative portrays the 
story out of logical order using parallel plots, multiple endings, interactive narratives, dream 
immersion, or another story inside the main plot-line. Using stories that personify the teaching 
materials in STEM education can inspire students’ learning and boost their long-term memory 
retention. 

Through a teaching career, most STEM educators come up with at least one or two effective 
metaphors to communicate complex, abstract subjects. These metaphors are then shared informally 
and internally. There is a long history of mnemonics helping in memorizing such difficult information as 
in the following two examples: 

1 Boyle's law: At constant temperature, pressure is inversely proportional to volume. Boyle's law 
is best of all because it presses gases awfully small. 

2 The order of operations for math is Parentheses, Exponents, Multiply, Divide, Add, and 
Subtract. In the United States, they use the mnemonic: Please excuse My Dear Aunt Sally. 
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Other well-known metaphors include various cooking recipes to explain fundamental concepts in 
computer programming. This support mechanism enables suggestion structures and linking of 
information with a unique ability to remain in long-term memory [3]. 

Cultural familiarity with existing visual elements can be a powerful support mechanism in learning 
linear sequences. A great example is the method of loci, in which existing spatial memory is used 
about a familiar environment as a placeholder for new information. This method takes the learner on 
an imaginary journey through a real building, town, or even a single room that is already stored in 
memory. 

Visual metaphors with cartoon characters in film and animation appear as early as in 1945, in the film 
“Principles of Electricity” produced by Raphael B. Wolff studios, and by scientific advisors from the 
research laboratory of the General Electric Company (Fig. 3). These are direct impersonations of 
elements such as electrons and forces. The artwork communicates through facial expressions and 
human body language [4]. 

  
 Figure 3. Electric potential difference Figure 4. Impersonation of human cells 

More complexity is introduced in “Il était une fois... la vie” (English: Once Upon a Time... Life) 
produced in France in 1987 by Procidis [5]. Combining entertaining storylines with factual information 
an entire animated world is created inside a human body. The characters are designed to impersonate 
cells, viruses, enzymes and various other elements that have daily routines and conflicts just like 
humans (Fig. 4). The storylines are educationally engaging and entertaining at the same time. While 
the created world is memorable, the plot becomes repetitive many times. 

Based on this hypothesis, we propose to build nonlinear narrative metaphors (formatted as online 
interactive games or videos) to assist teaching the key concepts in BTEC courses for better memory 
retention. 

2 METHODOLOGY 
Beginning in 2016, BTEC and the Department of Art + Design have collaborated to conduct an 
experimental design that built several prototype metaphors for a concept from a BTEC fermentation 
course (induction system for protein production) to confirm our hypothesis. 

Our goal was to run a design experiment with students to see how the creation of a new metaphor is 
approached by a generation that is currently studying. We exposed them to a complex scientific 
subject that requires them to think beyond traditional support mechanisms and use engaging narrative 
systems that function in ways that are more intricate. 

Based on our study of existing metaphors we decided to approach storytelling as a conceptual 
metaphor to a scientific process. We propose the idea to develop memorable stories in which the 
entire plot is a conceptual metaphor and the characters are not limited to the impersonation of the 
elements. By removing this limitation, we can come up with any scenario that is culturally relevant and 
appropriate.  

Student participation in the design process was essential in order to focus on contemporary ideas and 
sources of inspiration that current students find engaging. 

The brief included the following stages: 

1 Understand the scientific process as a narrative. 
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2 Write a synopsis and define the conceptual metaphor. 

3 Introduce the characters. 

4 Write a plot. 
5 Design the visual narrative. 

3 RESULTS AND DISCUSSION 

3.1 Metaphors built from student-centered design 
Our metaphor development process was based on a student-centered design. We chose this format 
for design instead of “instructor-led” style because student-centered learning has shown benefits in 
developing independence, autonomy, responsibility, motivation and engagement of students as well 
as providing flexibility in learning pace [6-9]. During our student-centered design process, students 
from College of Design exhibited high motivation, efficiency, and creativity. Overall, ten visual narrative 
metaphors with contemporary ideas were developed successfully within in one-half of a semester: 
Soap Opera Puppet Show (Fig. 5), The Bee’s Story (Fig. 6), Toy Factory (Fig. 7), Bakery (Fig. 8, Fig. 
15), The Detective (Fig. 9), Robot Replacement (Fig. 10), Tiny Office (Fig. 11, Fig. 16), Cooking Club 
(Fig. 12), The Hero’s Journey (Fig. 13) and The Keyholes (Fig. 14). The metaphors reflected student 
interests in their daily life, and showed a certain degree of balance between entertainment and 
technical content. One of the most important factor in narratives is empathy. All stories student 
designed and developed applied empathy, and evolved around emotionally engaging topics such as 
happiness, love, marriage, justice, mechanical failure, etc. 

3.2 Findings from the metaphor design process 
Example synopses and characters from the first iteration in the early stage of design: 

1 The Bee’s Story: A teenage couple's journey in obtaining permission to get married. 
o Good boyfriend (Ryan) - E.coli RNA pol 1 
o Bad boyfriend (Rick) - E.coli RNA pol 2 
o Good girlfriend (Patty) - Promoter 1 
o Bad girlfriend (Priscilla) - Promoter 2 
o Consciousness/awareness of the parents - lacI gene 
o Parents (Lionel and Reina) - lacI repressor 
o Seal of approval – Operator 
o Ability to reproduce of the old generation - T7 RNA pol gene 
o Baby (Jake) - T7 RNA pol mRNA 
o Grown up - T7 RNA pol protein 
o Girlfriend of T7 RNA pol protein (Lily) - T7 promoter 
o Ability to reproduce of the new generation - Target gene 
o Babies of next generation family - Target protein 
o Brainwashing/bribe/massage - Isopropyl β-D-1-thiogalactopyranoside (IPTG) inducer 

2 The Detective: In a crime-ridden city, a detective must use his skills of observation to uncover 
the truth. 
o Crime scene - T7 gene 
o Suspect’s trail - pET plasmid 
o Target gene is the definitive proof needed to solve the case. 
o Target protein - A solved case 
o T7 RNA polymerase PROTEIN is a complicated case file (requires Sherlock’s help to 

decipher) 
o T7 RNA polymerase mRNA - Confusing evidence that baffles cops into calling Sherlock 
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o E. coli RNA polymerase is the cop (good cops call Sherlock, crooked cops create the 
criminals) 

o Promoter - 911 calls 
o lacI gene - Back alleyways for crooked cops dealings 
o Operator - Criminal’s alibi 
o Repressor LacI - Criminals (always keep coming back and are trying to stop the cops from 

calling Sherlock) 
o ITPG - Accomplices (call away the criminals to prevent the cops from catching them) 
o T7 promoter - The detective Sherlock (comes after the cops look at the scene) 

These first student-developed ideas clearly showed the possibility of composing exciting plot points. 
During the ideation process, we noticed that the scientific knowledge gap was a fundamental problem 
with design students. However, their curiosity increased and they started intense discussions and 
questioning to write accurate storylines that reflected the scientific process. This required deeper 
understanding of the concepts by the design students. Pairing up design and STEM students to work 
collaboratively on metaphors might be an effective solution.    

During the student-centered design, we also noticed one interesting phenomena. On their own 
initiative, design students consulted an undergraduate chemistry student to explain the concepts. The 
chemistry student was able to remember all the details from the textbook, but cannot explain it in their 
own words or adequately answer questions from the design students, especially those related to 
“why.” This case made us aware that students need more application activities during their study to 
move from “remember” level of learning to “understand” or “apply” level based on the revised Bloom’s 
Taxonomy [10]. If we pair the STEM students with design students in the future development of the 
metaphors, STEM students will receive opportunities to practice what they learned from explaining the 
concept to non-STEM background people.  

The primary goal of the visual design process was to generate appeal. The appropriate use of shapes, 
color, texture, and pattern communicate through the overall body language of the characters. The 
design process was iterative and it was dominated by the narrative development. Appeal is one of the 
main principles in animation, it can be achieved in several ways, such as with strong facial features 
(Fig. 15), and using exaggeration in proportions (Fig. 16). The viewer’s eye is drawn to objects that 
have appeal and through the appreciation of these objects; a lasting memorable experience was 
created. 

3.3 Selection of faculty preferred metaphor prototype 
A prototype showcase was conducted to present the metaphors to BTEC faculty and most faculty 
attending selected the Robot Replacement metaphor (Fig. 10) as their favorite or preferred prototype 
because the storyline is simpler and more technically correct to the real Induction System in bacteria, 
which may result in less misunderstanding by students. However, whether the same metaphor is the 
favorite choice of students is yet to be determined. We plan to conduct a future study to collect student 
feedback and suggestions about these metaphors and compare student’s responses to faculty 
responses. We expect the results will be enlightening.  

 
 Figure 5. Marriage and reproduction Figure 6. Family and marriage 
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 Figure 7. Communication and language Figure 8. Baking process 

  
 Figure 9. Mystery and crime Figure 10. Intelligent machines 

 
 Figure 11. Office and business Figure 12. Dating 

  
 Figure 13. Fantasy Figure 14. Locks and keys 
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Figure 15. Facial expressions 

 
Figure 16. Exaggeration in proportions 

4 CONCLUSIONS 
This student-centered design process provides Design students opportunities to work on projects that 
assist solving a real-world problem in another field. The students showed high inspiration, creativity, 
and imagination during the metaphor design activity. The metaphors reflected contemporary ideas and 
interests from students. However, the scientific knowledge gap did hinder the quality of the final 
designs. In the future to overcome this issue, we propose to pair STEM students with Design students 
to develop the metaphors. This allows the STEM students to act as technical consultants and deepen 
their understanding of the knowledge through explaining the concept to non-STEM background 
people, while it gives design students real-world design projects to develop their skills. In addition, this 
cross-disciplinary collaboration allows us to look at our disciplines from a different angle and open a 
meaningful discussion and collaboration between the arts and sciences. The faculty group selected 
the Robot Replacement metaphor as their preferred prototype for its technical accuracy. We have also 
identified that it is important to conduct student surveys to select their favorite metaphors, obtain 
feedback, and compare the results with the faculty selection.  
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