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Abstract - An interactive 360 degree video game about the steam-in-place (SIP) module of an intermediate-scale bioreactor 
(30 L) in an university-level biomanufacturing lab was developed using Adobe Illustrator, Maya, and Unity with Playmaker. 
Instructional design of a blended course is underway to incorporate the video game into existing curriculum. This design is 
intend to increase the effectiveness, flexibility, and availability of the lab practice for the students, and thus improve the 
entire learning experience. 
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I. INTRODUCTION 
 
Biomanufacturing is a type of manufacturing that 
utilizes biological systems such as cells or other 
living microorganisms to produce commercially 
important products (e.g., alcohol, biofuels, amino 
acids, vaccines, monoclonal antibodies, proteins, 
industrial enzymes, etc.) for consumer usages and 
industrial applications [1]. As an interdisciplinary 
field incorporating chemical engineering, 
biochemistry, and microbiology, biomanufacturing 
has thousands of years of history, playing imperative 
roles in a variety of field, from food and beverage to 
pharmaceutical and health. The biomanufacturing 
processes are generally divided into upstream (the 
production of the products) and downstream (the 
recovery and purification of the products) 
biomanufacturing. The key technologies of upstream 
biomanufacturing are taught in a range of university 
curriculums (e.g., chemical engineering, biological 
engineering, agricultural engineering, environmental 
engineering, food science, bioprocessing science, 
etc.) under diverse course names. Course keywords 
include “fermentation”, “bioprocess”, “cell culture”, 
and more. The key equipment of upstream 
biomanufacturing is the bioreactor or fermenter.  
Steam-in-place (SIP), using pure steam for in-situ 
sterilization of the equipment (e.g., bioreactor and 
connections) and medium, is critical of 
biomanufacturing to reduce the of risk product 
contamination [2]-[4]. The SIP procedure includes 
equipment heat-up, sterilization (maintaining 
minimum temperature 121°C for a specified time 
based on the specification of the bioprocess), and 
equipment cool-down [4], [5], involving interactions 
with dozens of valves and the control panel. The SIP 
operation is very complicated for first-time users, 
especially for students from non-engineering 
backgrounds. Therefore, teaching SIP operation in a 
university-level biomanufacturing lab faces great 
challenges. Interactive video games allow users to 

view and interact with the objects on computers and 
create unique interactive experiences, thus have been 
frequently used in public education and workforce 
training. Besides making a complex topic attractive to 
students, the video game allows students to rehearsal 
and review the topic without time limitation. Many 
researches have pointed out that space-out repeated 
practices benefit knowledge retention for students [6].  
The objective of this study is to design an interactive 
360 degree video game about the SIP operation and 
incorporated it into the biomanufacturing lab, in order 
to solve the challenges faced during the existing 
curriculum and improve students learning outcomes.  
 
II. EXISTING BIOPROCESSING LAB 

CURRICULUM 
 
A. Course description and objectives  
The Upstream Biomanufacturing Laboratory is a 
cross-disciplinary required course for senior 
undergraduate and graduate seeking degrees in 
biomanufacturing, bioprocessing science, or food 
science at North Carolina State University. It is an 
introduction to current good manufacturing practice 
(cGMP) as applied to the growth of microbial cells in 
bioreactors, providing students with practical 
experiences with key microbiological techniques and 
processes used by biomanufacturing industries. 
Students obtain hands-on experience through the 
operation and control of intermediate-scale stainless 
steel bioreactors (30 liter) to study bioreactor design 
and operation, oxygen transfer, cleaning, sterilization, 
media preparation and the growth of recombinant E. 
coli for protein production in batch and fed-batch 
mode. Learning objectives of this course include: 1) 
demonstrate an understanding and apply theory 
pertaining to the construction, control and operating 
characteristics of intermediate-scale cGMP 30 L 
bioreactors; and 2) design and prepare growth media, 
sterilize, inoculate and operate the bioreactor to 
accomplish the batch and fed-batch growth of a 
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recombinant E. coli for the production of green-
fluorescent protein (GFP). 
 
B. Challenges of SIP section in the 
biomanufacturing lab  
During the “media prep and sterilization” lab, 
students prepare for a batch growth of E. coli in a 
bioreactor by making up growth media, performing a 
pressure-hold test on the bioreactor, sterilizing the 
bioreactor and media in situ (the SIP module), and 
aseptically transferring glucose solution. The SIP 
module is the vital part of this lab from which 
students learn and practice how to conduct an in-situ 
full vessel sterilization, critical in biomanufacturing. 
Students experience extraordinary challenges in pre-
studying for the lab before class, operating 
bioreactors correctly during the lab, and remembering 
the operation after the lab because of the following 
reasons: 1) the 30 L bioreactor, related accessories 
and operation procedures are so complicated for first-
time user that only class time is not enough to fully 
remember and understand the details; 2) it is very 
difficult to pre-study prior to the lab without the 
presence of the complex equipment; and 3) many 
factors (i.e., limited equipment availability, 
complicated lab preparation, long cycle time, cost, 
etc.) make it impossible to offer after-class practice or 
make-up of a missing lab session.  Those challenges 
also lead to other issues for the course objectives: 1) 
many students failed to finish the SIP procedure by 
themselves correctly, and the high failure of SIP 
module jeopardized the following lab session that 
relies on a successful SIP to run batch experiments; 
2) students are so afraid of making mistakes that they 
started to rely on the instructor and lab assistants to 
demonstrate the hands-on operations while they only 
observed, which endangered the “hands-on” purpose 
for this course; and 3) one time practice is far from 
enough for students to even remember the procedure 
and repeat correctly next time (Level 1 in Bloom's 
taxonomy) since in industry the SIP training usually 
takes weeks, not mention to understand and apply 
(Level 2 and Level 3 in Bloom's taxonomy). 
 
C. Other potential solutions to overcome the SIP 
lab challenges 

The following potential methods have been 
considered before choosing video game as the 
solution:  
1) Buy more bioreactors and offer after-class 

practice. However, capital cost is more than 
USD$200,000 per bioreactor. Operation and 
material cost (supplies, cleaning, maintenance, 
support staff overtime, etc.) to prepare a lab is 
also very expensive. 

2) Use videos. However, there are no such videos 
online that have the required level of detail 
needed for the course. In addition, video do not 
have the interaction and practice feature to best 
enable student learning. 

3) Use pictures. However, pictures are only 2-
dimension and the bioreactor is 3-dimensional. 
The concepts are not retained or understood 
without the direct visual observation of the 
bioreactor. 

In contrast, having a video game option online will 
greatly aid the students. Video game offers interactive 
practice in virtual environment without expensive 
capital cost and operation cost for bioreactor, and 
better address the challenges than other potential 
solution, which will increase the effectiveness 
flexibility, and availability of this course. With the 
video game, students can become familiar with the 
SIP procedures and the related concepts (e.g., which 
valves are involved and why they are open or close) 
before class and more confident to conduct their 
hands-on practice by themselves with less mistakes in 
the lab.  
 
II. DESIGN OF THE INTERACTIVE VIDEO 

GAME  
 
A. Bioreactor 3D model development 
Over 200 photos were taken to ensure that the 3D 
model would be as accurate as possible. Photos were 
taken from all angles of the bioreactor possible to 
document connections, color, comparative sizes, and 
labels where applicable. This allowed for a relatively 
accurate sense of distances between components, as 
pictures struggle to show depth (Fig. 1).  
Accompanying the photos was a hand-drawn diagram 
of the main bioreactor connections simplified to 
refine artistic understanding of how some 
components connected. Artistic liberties were taken 
with some of the connections as they lacked the same 
requirements for distance due to pipe temperature as 
exist in the real world. This allowed for simplification 
of some of the bends that the real world pipes took, as 
digital pipes could take the most direct route without 
concern for adjacency to other pipes. Still, accuracy 
was the goal above all for modeling the bioreactor 
(Fig. 2). The 3D modeling began by creating the 
individual components found most commonly 
throughout the SIP module. Once these components 
were created and scale was roughly estimated, the 
core system of the SIP module and its connecting 
computer component was modeled; thus, establishing 
a framework for all future progress. Components 
were then added onto the core model and placed to 
replicate their true position. Once relative placement 
and scale was created, smaller details were modelled 
and added to the framework to bring the model closer 
to that of its physical subject. A focus was 
emphasized on creating intractable gauges and knobs 
that were adjusted to be slightly more noticeable than 
their real world counterpart to bring the eye to the 
objective locations.  Challenges faced included 
understanding where and how different components 
connected and working with scale to create 
informative interfaces that could be easily accessible 
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bioreactor is overlooked. Students will be as 
immersed as possible in the experience, so that there 
is minimal adjustment from working with the virtual 
model to actually being in the lab. Students will 
experience this lab in a different way than other labs 
as they will be able to access this project from home 
and on devices they have, so as to better retain the 
material by having it within reach and at their own 
pace. A project in this depth is not commonly 
available to university students, so this lab will be 
memorable and easier to absorb that equally 
complicated labs that lack this innovative learning 
technique. In the final game (Fig. 6), both the control 
panel screen and the valves are interactive. The 
simulated control panel prompts include the 
instruction of opening or closing certain valves at 
certain steps, and the corresponding valves will be 
highlighted for users to take actions. Users cannot 
proceed to the next steps unless all the valves are at 
the desired status.  

 

 
Fig. 6: final game steam-in-place module in Unity (overall 
scene and close look of the control panel and highlighted 

valves) 
 
III. BLENDED COURSE CURRICULUM 

DESIGN 
 
The Upstream Biomanufacturing Laboratory become 
a blended course providing both hands-on lab 
experiences and online interactive video game for 
review and practice. North Carolina State University 
uses Moodle as its primary LMS (learning 
management software). The course will continue to 
be offered on Moodle, with publishing an interactive 
application from the Unity 3D game engine and using 
it in combination with Moodle. In order to convert 
this course into a blended course, an instructional 
design is underway using the course map template 
and online syllabus template provided by North 
Carolina State University. The course mapping 
focuses on the following steps: develop and update 
the “Course Objectives” matching with Bloom’s 
Taxonomy, identify course “Modules”, develop 
“Module Objectives” (MO) and indicate course 

objective alignment to each module objective, list 
“Learning Activities”, and add “Assessments”. 
 
IV. FUTURE PLAN 
 
The long term goal of the project is to design and 
develop several standalone interactive visual 
biomanufacturing labs besides the SIP module using 
video game, virtual reality (VR) and other 
technologies to enhance student lab experience and 
assess the learning outcomes. An immersive visual 
environment will help students perform lab activities 
virtually, before coming to the real life 
biomanufacturing lab. Practicing in this virtual 
biomanufacturing lab, students will be able to get 
more “hands-on” experience with the bioreactor 
similar to the actual lab, helping them to retain the 
concepts, processes, and how-to as well as practice 
repeatedly to minimize mistakes. The final aim is to 
have a video game version online and a VR version, 
which can be used in other biomanufacturing courses 
in chemical engineering, biological engineering, 
environmental engineering, food science, and more. 
Virtual labs allow students to view and interact in 
real-time with the bioreactor, rehearse labs, review 
after class, and even practice operation modules that 
cannot fit into the regular lab time due to time 
constraints, money, and support staff. It will increase 
the effectiveness, flexibility, and availability, and 
thus improve the entire learning experience.  
 
A. Video game design of the bioreactor orientation 
module (both internal and external) 
A video game of the bioreactor orientation module 
will be developed by modeling both the external and 
internal of the bioreactor and auxiliary equipment (air 
supply system, jacket temperature control system, 
water and steam supply, etc.). Students can walk 
around the bioreactor in the virtual environment, 
identifying elements outside and inside of the 
bioreactor and auxiliary equipment. A game will 
include both the tutorial mode (using instructions to 
learn every part) and the competition mode (fulfilling 
the tasks related to bioreactor orientation).  
 
B. Virtual reality 
VR has been used in public education and workforce 
training in many fields (e.g., manufacturing, food 
science, automotive, and logistics) [7-10]. Recent 
advancement in VR technology has opened up new 
possibilities to exploit these valuable tools to further 
efforts to deliver biomanufacturing workforce 
training and education. By integrating the human 
motion, the user can extensively interact with the VR 
environment. More importantly, users can be 
presented with information that is not attainable in the 
real world. Therefore, interactions with simulated 
virtual objects and environments will provoke the 
student engagement with the biomanufacturing 
processes. Comparing to the video game, VR gives 
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more immersive visual environment interactive 
experiences that more closely to the “hands-on” 
experience in the real word. The bioreactor 
orientation, SIP, and more modules will eventually 
build in the VR environment and develop a VR 
biomanufacturing lab. 
C. Learning outcome assessment 
It is very important to evaluate whether the video 
game benefit students learning and how it benefits. 
Both qualitative and quantitative assessment methods 
including but not limited to surveys and quizzes will 
be developed and conducted during the future labs to 
collect data for the learning outcome assessment.  
 
CONCLUSION 
 
In order to overcome the challenges faced by the 
instructor and students during a university-level 
biomanufacturing lab curriculum and enhance the 
entire learning experience, an interactive 360 degree 
video game is successfully designed and about to 
incorporate into the existing curriculum to develop a 
blended course. The video game modeled a 30 L 
bioreactor together with its auxiliary equipment and 
simulated the SIP operation of the bioreactor. Future 
plans include further developing virtual 
biomanufacturing labs using video games and VR to 
increase the effectiveness, flexibility, and availability 
of the lab practice for the students, and evaluating 
how the virtual labs option can benefit the 
biomanufacturing lab curriculum. 
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