
Copyright 2020 ZC Analytics LLC.       zcanalytics.com/education

The global pandemic caused by the SARS-COV-2 novel corona 
virus has caused many learning institutions to abruptly change 
the delivery of courses from in-person to online.   COVID-19, 
the disease caused by person-to-person spread of the novel 
coronavirus (SARS-COV-2; Harapan, 2020) has forced cam-
puses to enact social distancing policies that have significantly 
changed the student experience.  Changing to remote learning 
requires creating new ways to deliver content through online 
meeting platforms. Performing lab courses that require access 
to specialized equipment and resources typically found in lab-
oratory classrooms has been particularly challenging for many 
STEM educators..  This challenge to move to virtual classrooms 
is amplified in laboratory courses requiring research performed 
with specialized equipment (Gage, 2019). 

One of many strategies that has been used successfully in STEM disciplines to implement a remote lab course is to 
post videos of instructors doing the experiments, so that the students can see the methodology firsthand, and ex-
perience virtually the experiment being performed.  Often the raw data produced during these experiment is then 
shared with the class to analyze from home.   While this approach provides procedural and content knowledge, it 
has a negative effect on the self-efficacy of the students.  Self-efficacy is an individual’s belief in his or her capacity 
to execute procedures and practices  necessary to produce successful experiments in the future.  In an example 
from Neuroscience, DeBoer et al. 2017 demonstrated a positive change in self-efficacy was shown when students 
watched experiments online (control group) versus the group actively participating in the laboratories from home 
using the SpikerBox, a low-cost amplifier for collecting and recording biological signals. (Marzullo and Gage, 2012). 

Our distance learning solutions should provide equal opportunity and exposure to cutting- edge technology to all 
students, underrepresented, low- income and minority included.  Curricula development should be built to empower, 
inspire and prepare students for independent scientific inquiry in any given set of conditions.  Often overlooked is the 
well-researched fact that active learning of STEM is especially beneficial for underrepresented students (Cervantes 
et al., 2015; Haak et al., 2011; Kanter & Konstantopoulos, 2010). 

Tools to improve at home lab experiences for STEM student
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Many small footprint, platform agnostic, testing devices lend 
themselves to the remote learning environments.
Prior to the COVID 19 outbreak, distance learning in higher 
education, often in the form of widely accessible Massive Open 
Online Courses (MOOCs) have transcended the  economic 
concerns barring underrepresented and/or low-income students 
from enrolling in prestigious university programs. Global annual 
growth of distance learning was projected at over 10% between 
2018 and 2023 (Wotto, 2020). Approximately a third of all 
university students in the United States are enrolled in at least 
one online course even as early as 2012 (Koedinger et al. 2015; 
Keebler & Huffman, 2020). 
 
Many believe 2020is a turning point for increased demand for 
distance learning.  The COVID crisis will subsite however the option for students to have a high quality STEM lab 
experience in a remote setting will not disappear. Well founded research shows that online learning yields significant-
ly better results when paired with hands-on activities (DeBoer et al., 2017; Koedinger et al., 2015).

At home labs for Engagement and Accessibility 
 The biggest challenges when moving to remote labs can be summarized in the major themes of engagement, 
and accessibility. Equity comes in the form of providing equal access to educational equipment/tools. Using platform 
agnostic devices that build upon PCs and  mobile devices that students already own.  Many, many STEM hardware/
software kits are available for less than $400.  The Oscium iMSO software app runs on PC, Mac, iOS and Android 
operating systems.  Most students will have a compatible device or will be able to borrow one for the at home lab 
portions of the course.  Many campuses have developed an equipment loan program through their campus Library.  
Campus Wi-Fi can be used by the students to download necessary software while they pick up their kits.

Student protocols should made printable to be more accessible for home use or situations without internet.  En-
gagement involves creating a remote learning experience that is not exhausting, one-dimensional and thus not bor-
ing to students. Finally, accessibility implies taking into consideration students’ special needs and different attitudes 
toward technology.  Care should be taken to ensure that all students have the minimal required technology to carry 
out their labs at home. 

To address any technical or practical concerns students may have during the setup process, we suggest approach-
ing the first at home lab session as a support call.  This session should help ensure that all students can connect kits, 
record signals, and perform analyses on their data.  Troubleshooting with individual students can be done drop in 
sessions as necessary.  Additionally, instructors should consider holding drop in sessions at  different times to provide 
flexible engagement to students in different time zones to address any additional technical issues.

http://zcanalytics.com/education


Copyright 2020 ZC Analytics LLC.       zcanalytics.com/education

REFERENCES
Cervantes, B., Hemmer, L., & Kouzekanani, K. (2015). The Impact of Project-Based Learning on Minority Student 
Achievement: Implications for School Redesign. Education Leadership Review of Doctoral Research, 2(2), 50-66.
DeBoer J., Haney C., Atiq S Z., Smith C & Cox D (2017): Hands- on engagement online: using a randomised con-
trol trial to estimate the impact of an at-home lab kit on student attitudes and achievement in a MOOC, European 
Journal of Engineering Education, DOI: 10.1080/03043797.2017.1378170
Haak, D. C., HilleRisLambers, J., Pitre, E., & Freeman, S. (2011). Increased structure and active learning reduce the 
achievement gap in introductory biology. Science, 332(6034), 1213-1216. 
Harapan H, Itoh N., Yufika A, Winardi W, Keam S, Te H, Megawat D., Hayati, Z., Wagner A and Mudatsira M. 
(2020). Coronavirus disease 2019 (COVID-19): A literature review. Journal of Infection and Public Health 13 
(2020) 667–673.
Gage, G.J. (2019). The case for neuroscience research in the classroom. Neuron 102, 914–917.
Kanter, D. E., & Konstantopoulos, S. (2010). The impact of a project-based science curriculum on minority student 
achievement, attitudes, and careers: The effects of teacher content and pedagogical content knowledge and inqui-
ry-based practices. Science Education, 94(5), 855-887.
Keebler, D.W., Huffman, J. (2020). Effective eLearning and Transformative Pedagogical Strategies: STEM 
Programs. International Journal of Online Pedagogy and Course Design, 10(2), 61-70. DOI: 10.4018/IJOP-
CD.2020040105
Koedinger, K. R., J. Kim, J. Z. Jia, E. A. McLaughlin, and N. L. Bier. (2015). Learning Is Not a Spectator Sport: Doing 
Is Better Than Watching for Learning from a MOOC. Proceedings of the Second (2015) ACM Conference on 
Learning @ Scale, 111–120. New York: ACM. DOI:10.1145/2724660.2724681.
Marzullo TC, Gage GJ (2012) The SpikerBox: A Low Cost, Open- Source BioAmplifier for Increasing Public Partic-
ipation in Neuroscience Inquiry. PLoS ONE 7(3): e30837. https://doi.org/10.1371/journal.pone.0030837
Wotto, M. (2020). The Future High Education Distance Learning in Canada, the United States, and France: In-
sights From Before COVID-19 Secondary Data Analysis. Journal of Educational Technology Systems, 49(2) 262–
281. DOI: 10.1177/0047239520940624

http://zcanalytics.com/education
https://eric.ed.gov/?id=EJ1105713
https://www.tandfonline.com/doi/abs/10.1080/03043797.2017.1378170?scroll=top&needAccess=true&journalCode=ceee20
https://science.sciencemag.org/content/332/6034/1213
https://pubmed.ncbi.nlm.nih.gov/32340833/
https://pubmed.ncbi.nlm.nih.gov/32340833/
https://www.cell.com/neuron/fulltext/S0896-6273(19)30342-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627319303423%3Fshowall%3Dtrue
https://onlinelibrary.wiley.com/doi/full/10.1002/sce.20391
https://www.igi-global.com/article/effective-elearning-and-transformative-pedagogical-strategies/248016
https://www.researchgate.net/profile/Kenneth_Koedinger2/publication/281962456_Learning_is_Not_a_Spectator_Sport_Doing_is_Better_than_Watching_for_Learning_from_a_MOOC/links/568a879208ae051f9afa57c8/Learning-is-Not-a-Spectator-Sport-Doing-is-Better-than-Watching-for-Learning-from-a-MOOC.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030837
https://journals.sagepub.com/doi/full/10.1177/0047239520940624

