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Work in Progress: Pilot Study for the Effect of Simulated Laboratories
on the Motivation of Biological Engineering Students

Introduction

Laboratory sections are at the core of undergraduate STEM education as they grant students the
ability to observe how the physical world compares to the concepts taught in the classroom. In the
context of engineering (as an applied science field), focus on the application of concepts in an
educational setting is especially crucial towards proper career development. The data attained from
lab assignments can remarkably improve students’ understanding of classroom concepts by
allowing students to observe the strengths and weakness of various scientific theories.

Compared to traditional engineering disciplines (civil, mechanical, etc.), biological engineering
(BE) students have been found to have different motivations for entering the engineering field,;
therefore, it is paramount that the BE engineering education community capitalizes on this
difference to address the systemically lackluster engineering student retention rate.[1] BE students
are largely driven to the field for the opportunity to benefit society, which differs compared to
traditional engineering majors who cited their love of designing and building.[2, 3] The unique
motivational differences of BE students warrants further study, as previous motivational studies in
a traditional engineering setting may not be applicable to BE students.

The best way to take advantage of the unique motivation of BE students is to engage them in real-
world issues and application in the early years of university study.[4] Applying classroom concepts
in a laboratory setting could provide students with exposure to the real-world issues that BE
students crave to engage with; however, taking advantage of the unique motivations of BEs majors
has proven difficult. This is because BE educators face a variety of logistical challenges towards
implementing hands-on BE labs, such as limited campus space and expensive equipment that are
not shared with other engineering disciplines (cell culturing hoods, incubators, etc.)[5] Therefore,
it is believed that implementation of alternative laboratories could fill this educational gap.

With advances in computer science, simulated labs have been developed by tech companies and
educational institutions to address the logistical challenges of hands-on labs.[6] These simulated
labs have been found to cost less and require less setup time in an educational setting, which offers
a solution to some of the challenges of hands-on labs.[7] Comparison between lab types is difficult
as each type has a different educational objective, as hands-on labs are emphasized for design skills
whereas simulated labs for conceptual understanding.[8] However, it was found that the attitudes
toward the type of lab is highly influenced by the convenience of the lab assignment.[9] Students
liked that the simulated lab required less time on setup and tear-down, which aligns with previous
literature[7]. In the end, there was little difference in conceptual outcomes between the lab types,
which suggests that alternative labs can be as effective as hands-on labs. Therefore, it is our belief
that simulated labs are a feasible alternative for BE educators; however, it is of utmost importance
to ensure that BE simulated labs are able to properly address BE student motivations before
widespread application into BE curricula.

Research Design & Plan
The researchers will look at answering two 2 key questions:

1) Educational Outcome Question: How does the simulated lab affect student engagement?



2) Knowledge-Generating Question: How do bioengineering student experiences in disciplinary-
specific simulated labs impact the students’ motivation?

To answer these questions, the lab intervention was placed within a senior-level undergraduate
Tissue Engineering course that does not currently have any type of lab section. A senior-level class
was chosen for this pilot study in order to eliminate any conceptual gaps that students may have
with the covered material. Further study will look at the implementation of simulated labs with
first-year BE students, as they will be the most likely to gain motivation benefits by experiencing
the content at the end their major.

The chosen simulated lab intervention is a Tissue Engineering lab developed by Labster™, which
is a fully virtual, desktop-based lab. In the simulated lab, students immersed in a real-world
scenario by being prompted to help treat an injured soccer player. To accomplished this, students
must develop a scaffold to help regenerate the soccer player’s cartilage. Students will accomplish
this by relying on their background of chemistry and material science; therefore, the Labster™
Tissue Engineering activity is a perfect fit for the class as it covers material relevant to both BE
and biochemical engineering students.

Data Analysis & Preliminary Results

For this study, Jones’ MUSIC® Model of Academic Motivation was utilized as a theoretical
framework, as it is backed by variety of resources to ensure proper implementation and is made to
assess specific elements of a course or activity.[10] The power behind the MUSIC® Model of
Academic Motivation is derived from the five separate motivation theories used to create it: 1)
Student eMpowerment 2) Activity Usefulness 3) Success in the course 4) Student Interest towards
the content 5) Belief that the academic structure Cares for student well-being. By combining
separate motivational theories, the MUSIC® Model of Academic Motivation will be able to
pinpoint what aspects of motivation can best be improved in future BE simulated lab software.
Regarding this project, we hypothesized that sense of empowerment would be the least likely to
resonate with students due to the limited control a student has over a guided simulated lab.

Both quantitative and qualitative data will be collected. Post-intervention surveys will utilize
Jones” MUSIC® Inventory, which was also developed by Jones to measure the extent to which
college students perceive the presence of each of MUSIC model components in a college
course.[11] The survey compromises 26 quantitative questions from the MUSIC® Inventory, ,
which will help us asses how simulated labs affect student engagement, and 6 short answer
questions. The short answer questions were added in order to get a more in-depth understanding
of the numerical data and to select 5 students to undergo narrative analysis interviews. When
combined with the short answer questions, this qualitative data will allow us assess how student
experiences with the simulated lab had an affect on their motivation towards the assignment.

Of the 45 students enrolled in the course, 43 participated in the study by completing the activity
and survey. The activity was completed outside of the classroom as a distance learning activity, so
students had no direct help from the instructors. Additionally, the activity was completed by
students in an average of 32 minutes. Considering some of the steps in the simulated experiment
required “20-30 minutes” of incubation (which was fast-forwarded), we can assume that the
experiment in a hands-on lab would take more time, which aligns with the previous reported
expedient/convenience benefit of simulated labs.[7]



Empowerment Usefulness  Success Interest Caring
Avg: 4.38 4.44 4.89 4.77 521
Std: 0.58 0.89 0.46 0.94 0.52

Table 1 - Survey Numerical Data. 1= Strongly Disagree 6= Strongly Agree. n=43.
Discussion:

After completion of the activity, students were directed to fill out the MUSIC® Inventory, which
was administered through an online survey. The results of the numerical potion of the survey are
presented in Table 1. Overall, all 5 pillars of the MUSIC® theory exhibited a positive effect on
students as the answers averaged from “Somewhat Agree” to “Strongly Agree”. As hypothesized,
the empowerment category was the lowest of the categories; however, students still agreed that
they had some power over their learning. This was somewhat of a surprise given that it’s a guided
simulated laboratory, which does not offer much space for self-exploration; however, it was
revealed in the qualitative short answers that students had multiple options throughout every step
of the experiment, which included wrong answers that would derail the experiment. This sense of
choice and the need to critically think, rather than just simply clicking through an animation,
resonated with students sense of empowerment.

While the narrative analysis interviews are currently being transcribed, it should be noted that a
two-sample t-test revealed that the Caring pillar has a statistically significant difference than all 4
other pillars. Additionally, the Success pillar was statistically different from both the
Empowerment and Usefulness pillars, which were the two lowest rated pillars. Completion of the
narrative analysis interviews is expected to illuminate the reason for these differences beyond what
was revealed in the qualitative short answers.

References

[1] B. N. Geisinger and D. R. Raman, "Why they leave: Understanding student attrition from engineering
majors,” International Journal of Engineering Education, vol. 29, no. 4, p. 914, 2013.

[2] L. Benson, A. Kirn, and C. J. Faber, "CAREER: Student motivation and learning in engineering," in 2014
ASEE Annual Conference & Exposition, 2014, pp. 24.261. 1-24.261. 9.

[3] J. R. Keshwani and E. Curtis, "Motivating Undergraduate Engineering Students through Real-World
Applications of Biological Materials," Transactions of the ASABE, vol. 60, no. 5, pp. 1421-1427, 2017.

[4] E. Alpay, A. L. Ahearn, R. H. Graham, and A. M. J. Bull, "Student enthusiasm for engineering: charting
changes in student aspirations and motivation," European Journal of Engineering Education, vol. 33, no. 5-
6, pp. 573-585, 2008/12/01 2008.

[5] E. J. Perreault, M. Litt, and A. Saterbak, "Educational Methods and Best Practices in BME Laboratories1,"
Annals of Biomedical Engineering, journal article vol. 34, no. 2, pp. 209-216, February 01 2006.

[6] V. Potkonjak et al., "Virtual laboratories for education in science, technology, and engineering: A review,"
Computers & Education, vol. 95, pp. 309-327, 2016/04/01/ 2016.

[7] E. Scanlon, C. Colwell, M. Cooper, and T. Di Paolo, "Remote experiments, re-versioning and re-thinking
science learning," Computers & Education, vol. 43, no. 1-2, pp. 153-163, 2004.

[8] J. Ma and J. V. Nickerson, "Hands-on, simulated, and remote laboratories: A comparative literature review,"
ACM Comput. Surv., vol. 38, no. 3, p. 7, 2006.

[9] J. E. Corter, S. K. Esche, C. Chassapis, J. Ma, and J. V. Nickerson, "Process and learning outcomes from

remotely-operated, simulated, and hands-on student laboratories," Computers & Education, vol. 57, no. 3,
pp. 2054-2067, 2011/11/01/ 2011.
[10] B. D. Jones, "Motivating students to engage in learning: The MUSIC model of academic motivation,"
International Journal of Teaching and Learning in Higher Education, vol. 21, no. 2, pp. 272-285, 20009.
[11] B. Jones, "User guide for assessing the components of the MUSIC® Model of Motivation," ed, 2017.



