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INTRODUCTION

One of the greatest concerns of college educators, as
learning has shifted online, is a lack of student engagement.
Many of us have noted how easy it is for students to
become bored and unmotivated with remote instruction
(1, 2). Engagement refers to the observable and unobserv-
able aspects of student interactions with learning activities
and content (3). A wide body of research has demon-
strated that engagement increases academic achievement
regardless of a student’s ethnic or socioeconomic back-
ground (4). Engagement is typically broken down into
three components: behavioral, emotional, and cognitive (5,
6). The behavior component is focused on the effort and
participation that a student is willing to put toward a par-
ticular activity or learning outcome. The emotional com-
ponent speaks to the interest and connection students feel
toward a particular subject matter, while the cognitive
component is focused on a student’s investment in learning
goals. In-person microbiology laboratory classes not only
behaviorally, emotionally, and cognitively engaged students,
they also provided a collaborative active learning environ-
ment. In the constructivism framework, students under-
stand new ideas and concepts best by forming links to
their own prior experiences, a process that requires their
active engagement with the material (7). Online instruc-
tion struggles to provide that active experience, and most
online assignments emphasize and incentivize only the
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cognitive component of engagement by offering points for
the completion of certain tasks.

When laboratories are taught in person, instructors could
encourage student participation by assessing their knowledge
needs in real-time and guiding their efforts as they navigate the
material. Thus, the behavioral aspect of engagement was not dif-
ficult to address under these circumstances. However; in asyn-
chronous online instruction, this task shifts from the instructor
to the student. How then can we incentivize the behavioral as-
pect of engagement for students learning online? One solution
is to design online content, such as interactive slides, that take a
student-centered approach where building knowledge, freedom
of choice, and exploitation of a large number of technological
modalities can be used (8). Extensive research has shown that
students learn best when actively engaged in the learning pro-
cess (9). Online student engagement behavior has been shown
to be the highest, as measured by “views,” for videos, assign-
ments, and materials designed in support of a main online lec-
ture (10). Further, student achievement and engagement in
online courses increase when students are offered the flexibility
and control to partake of these different materials at their own
pace (I 1-13). Interactive slides can provide students the oppor-
tunity to build their content knowledge at their own pace by
engaging with a variety of materials and technologies contained
within the interactive slide, such as readings, podcasts, videos,
websites, traditional homework assignments, and prerecorded
lectures. By presenting all the material concurrently, this
approach gives students the freedom and control to choose
their own learning path. This sense of ownership coupled with
the multiple modalities of content presentation has been shown
to greatly increase student participation and effort (I1-13).
When students are exploring material willingly in a playful man-
ner, they are much more intrinsically motivated to learn (14).

It would be difficult to envision an online learning expe-
rience that could fully recreate the sheer joy of doing
hands-on science in a laboratory. However, we believe that
interactive slides can at least capture a small part of the
emotional component of engagement for students by pro-
viding a means for more self-directed learning. Since
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There are 15 links to find and
complete in this room

Everything is fair game on an exam
(except for the muppets)

Worksheets (backpack)
are due Monday

FIG I. Image of a web-based interactive slide on lab safety with all links labeled. The full interactive slide can be found at https:/docs.google.com/
presentation/d/| QIGBVkfXhBLtpFMDz6Fnkdh5hémColo8x2tu4eFLVSO/present?usp=sharing. (1) Framed image of nurse on wall washing hands;
reading: history of handwashlng (https:/drive.google.com/file/d/ | Ipxe Th3P_3fnBEmuEINdRNKVWWAPXSFD/view?usp=sharing). (2) Framed image of
instructor; podcast: “White coat feelings” (https://www.npr.org/2016/07/22/486926244/white-coat). (3) Coffee cup; video: general lab safety
(https://www.youtube.com/watch?v=dsg| YW6IF4M). (4) Backpack cartoon; Google form: homework assignment (https://docs.google.com/forms/d/
e/ IFAIpQLSeenof TPDQVLPYIbIz28_803ds_013k5Uh8pgFIwaBISkbT | Aiviewform?usp=sf link). (5) Bitmoji image of instructor; video: intro and
overview of lab (https:/drive.google.com/file/d/| dXmVjPxo TNDMGWO0u | S-TNRXxfR3LWif/view?usp=sharing). (6) Clipboard cartoon; reading:
overview of lab guidelines (https://drive.google.com/file/d/ | sxARPZ5jAv7—zXN5lkdé6b-O78hFyxafiview). (7) Hair on fire; video: clips of people
catching their hair on fire (https://www.youtube.com/watch?v=hjAF8zrsWeo). (8) Bunsen burner cartoon; video: how to use a Bunsen burner
(https://www.youtube.com/watch?v=N7ssCM3qM3U). (9) Hazard symbols; website: explanation of hazard symbols (https://www.acs.org/content/acs/
en/chemical-safety/basics/nfpa-hazard-identification.html). (10) Biohazard symbol; website: history of biohazard symbol design (https://
99percentinvisible.org/article/biohazard-symbol-designed-to-be-memorable-but-meaningless/). (11) Fire extinguisher image; video:
Muppets setting things on fire (https://www.youtube.com/watch?v=FanmZdTbYs). (12) Cell phone image; video: bacteria on cell phones (https:/
wwwi.youtube.com/watch?v=bKkURz6O3eo). (13) Lab coat image; video: importance of lab coats (https.//www.youtube.com/watch?v=a6DrCdjedas).
(14) Shoe image; reading: shoe accidents in lab (https:/drive.google.comffile/d/ | ZHATzInFrLOKUst_TT4RfmwNyejT95_D/viewlusp=sharing). (15)
Spider gif; video: instructor being silly (https:/drive.google.com/file/d/ | 4OF-cxSSQaMKvuivh8cY8qMK3EaObDfY view?!usp=sharing).

students do not know what images on the slide link to
which materials, they have to discover each item by explor-
ing. Thus, each student engages with the material in a non-
linear and unique manner similar to that of a game which
has been shown to be a highly effective approach (15-17).
To further encourage this exploration, fun and silly items,
nominally related to the content, are also included in each
slide for students to find (Fig. |, item 7). Finally, to foster a
sense of connection and familiarity with the material and
their instructor, each room contains a humorous cartoon
image of their instructor which links to an introductory
video. Humor has been shown to be highly effective in
enhancing teaching effectiveness in an online setting
(18-20).
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In a traditional laboratory, students would read a proto-
col and then perform an experiment. However, it is difficult
to simulate a microbiology experiment in an online environ-
ment. Therefore, we used interactive slides to have the stu-
dents take a slightly different approach. Students were asked
to watch a video showing how the severe acute respiratory
syndrome virus 2 (SARS-CoV-2) genome is detected by
PCR (Fig. 2, item 2). Students were then told that they were
managers for a new coronavirus disease 2019 (COVID-19)
drive-up testing site and they had to write a detailed, step-
by-step protocol for the newly hired staff (Fig. 2, item 9). In
order to fully understand the procedural video with which
they were provided, students had to read or watch addi-
tional content provided in the interactive slide, such as the
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Start by clicking on me
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FIG 2. Image of a web-based interactive slide on COVID-I9 testing procedures with all links labeled. The full interactive slide can be found at
https://docs.google.com/presentation/d/ | CifsbQGKfOwkV_F_cB6ypspR8y-gcr]-ppoiOkGkFFM/edit?usp=sharing. (I) Bitmoji image of instructor;
video: intro and overview of lab (https:/drive.google.com/file/d/| MpzbS06YudwASs9vpOgyGsLkHiBEdIQk/view!usp=sharing). (2) PCR machine
image; video: animation of COVID-19 testing (https://www.youtube.com/watch?v=ThG_02mig-4). (3) Swab image; video: how nasal swabs are
collected (https://www.youtube.com/watch?v=DVJNWefmHjE&feature=emb_logo). (4) Tube of viral swab sample; reading: viral transport
solution protocol and recipe (https://drive.google.com/file/d/|99VQTJEF_C7MXMr8H5IZYixMIm4REJyy/view?usp=sharing). (5) Biological safety
cabinet (BSC); video: how to properly use a BSC (https://www.youtube.com/watch?v=96-aZL.om340). (6) Plaque assay photo; video: video of
plaque assay procedure (https://www.youtube.com/watch?v=er2dwOPwSRo). (7) Syringe; video: how COVID-19 antibody testing works (https://
www.youtube.com/watch?v=bYTG7K3YIZ0). (8) B cell animation photo; video: overview of human immune system (https://ed.ted.com/lessons/
how-does-the-immune-system-work-emma-bryce). (9) Clipboard; pdf document: student assignment of COVID-19 testing materials (https://
drive.google.com/file/d/1j_I JiDINXImL|0-46lcmwyQ0YDjhXh5 | J/view?usp=sharing). (10) Backpack; pdf document: student assignment calculating
PFU (https://drive.google.com/file/d/ | tnFc8TiWdZPSgImk5xaPvTfvz9B73P | m/viewlusp=sharing). (I |) Virus gif; video: silly song about COVID-19
safety procedures in school (https://www.youtube.com/watch?time_continue=|05&v=0eAN8Xxz0q4&feature=emb_logo).

recipe for viral transport medium (Fig. 2, item 4) and how all the materials in the interactive slide in Fig. |, students
to use a biosafety cabinet (Fig. 2, item 5). Thus, rather than should be able to do the following: (i) describe the relevance
passively reading a standard protocol or watching a video, and history of hand washing and lab coats in preventing infec-
students had to actively construct their protocol while tions; (ii) provide evidence for why cell phones should not be
seeking out the information necessary to do so. used in the lab; (iii) describe accidents that can occur when

proper personal protective equipment is not worn; (iv)

understand how to operate a Bunsen burner safely; (v)

describe the relationship between biohazard groups and lab
LEARNING OBJECTIVES containment levels; (vi) recognize and define safety icons;
(vii) describe basic health and safety measures of a microbiol-
ogy laboratory; and (viii) identify practices that reduce risk
and harm in a microbiology laboratory. After having com-
pleted all the materials in the interactive slide in Fig. 2, stu-
dents should be able to do the following: (i) describe the pro-
cedure for collecting and detecting SARS-CoV-2 mRNA using
PCR; (ii) name the function of each ingredient in viral trans-
port medium; (iii) list the steps for using a biosafety cabinet

It is difficult to teach safety requirements online for mi-
crobiology laboratories previously taught in a hands-on man-
ner. The goal of the interactive slide example presented in
Fig. | was to familiarize students with the basic safety guide-
lines of a microbiology laboratory. However, an interactive
slide can be used to teach any content and is not a technique

specific to the topic of safety. The goal of the interactive slide properly; (iv) describe the production of antibodies by the
provided in Fig. 2 was to teach students the basics of the dif- human immune system and how COVID-19 antibodies
ferent COVID-19 testing procedures currently in use. In are detected; (V) determine the changes required to
both these examples, students received only the information turn any space of their choosing into a biosafety level 2
contained within the interactive slide. After having completed (BSL-2) lab; (vi) summarize the procedure for completing
Volume 22, Number 2 Journal of Microbiology & Biology Education 3
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a plaque assay; and (vii) identify the benefits and limitations of
PCR, antibody, and plaque assays for the detection of SARS-
CoV-2 virus.

The basic premise for making an interactive slide is fairly
simple: the objects, images, or gifs on a slide are linked to out-
side materials such as videos, readings, websites, etc. This can
be done in most presentation programs, such as Google slides,
PowerPoint or Prezi, by selecting an object on the slide and
using the “insert link” tool. The more arduous task is to gather
and/or make the materials you want your students to learn. A
video tutorial of how to make an interactive slide can be found
at https://youtu.be/SrgzEvyyTiY. The image of the instructor
was made using the Bitmoji application (https://www.bitmoji.
com/) and copied and pasted onto the slide. If images required
it, their background was removed using the website https://
www.remove.bg/ prior to being added to the slide. Interactive
slides are most visually effective if images are layered and
arranged in a way that conveys depth. We found that the most
dynamic and easy-to-use slides were the ones designed to
resemble rooms that had a mixture of real and cartoon/graphic
objects in them. We also found that it was important to
include objects that we did not link to any outside sources.
This facilitated the searching and discovery aspects of student
engagement. Basic instructions for how students should engage
with the interactive slides were written on the image of a
whiteboard contained within the slide. Gifs, such as the moving
spider in this slide example, were used judiciously, as they can
be visually overwhelming if too many are used at once. All ma-
terial was also provided on a single pdf document with links
for students with accessibility issues or those having trouble
navigating the interactive slide.

Interactive slides can provide instructors a way to repur-
pose existing materials into a new, more dynamic engaging
learning modality. These slides can also help instructors lever-
age the vast array of quality materials that are already available
online or are generously being offered by other instructors.
We assessed student learning through the completion of the
Google form homework assignment linked within the interac-
tive slide. Other alternative forms of assessments instructors
might wish to include are written reflective essays or
participation in discussion forums based on the content
of the interactive slides. This specific activity highlights
the ASM curriculum guidelines (21): “Practice safe microbiol-
ogy, using appropriate protective and emergency procedures”
and “Document and report on experimental protocols, results
and conclusions.”

4 Journal of Microbiology & Biology Education

ACKNOWLEDGMENTS

This material is based upon research supported by the
National Science Foundation grant 181301 2.
We have no conflicts of interest.

I. Serhan D. 2020. Transitioning from face-to-face to remote
learning: students’ attitudes and perceptions of using Zoom
during COVID-19 pandemic. Int ] Technol Educ Sci 4:335-342.
https://doi.org/ 10.46328/ijtes.v4i4.148.

2. Knipe D, Lee M. 2002. The quality of teaching and learning via
videoconferencing. Br ] Educ Technol 33:301-31I. https://doi
.org/10.1111/1467-8535.00265.

3. Deci E, Ryan RM. 2000. What is the self in self-directed learning?
Findings from recent motivational research, p 75-92. In Straka
GA (ed), Conceptions of self-directed learning: Theoretical and
conceptual considerations. Waxmann, Munster; Germany.

4. Appleton JJ, Christenson SL, Furlong MJ. 2008. Student engage-
ment with school: critical conceptual and methodological
issues of the construct. Psychol Sch 45:369-386. https://doi
.org/10.1002/pits.20303.

5. Fredricks JA, Blumenfeld PC, Paris AH. 2004. School engage-
ment: potential of the concept, state of the evidence. Rev Educ
Res 74:59-109. https://doi.org/10.3102/00346543074001059.

6. Jimerson SR, Campos E, Greif JL. 2003. Toward an understand-
ing of definitions and measures of school engagement and
related terms. California Sch Psychol 8:7-27. https://doi.org/ 10
.1007/BF03340893.

7. Gordon M. 2009. The misuses and effective uses of constructi-
vist teaching. Teach Teach Theory Pract 15:737-746. https://
doi.org/10.1080/13540600903357058.

8. Adinda D, Mohib N. 2020. Teaching and instructional design
approaches to enhance students’ self-directed learning in
blended learning environments. EJEL 18:162—174. https://doi
.org/10.34190/EJEL.20.18.2.005.

9. Chi MT, Wylie R. 2014. The ICAP framework: linking cognitive
engagement to active learning outcomes. Educ Psychol
49:219-243. https://doi.org/10.1080/00461520.2014.965823.

10. Soffer T, Kahan T, Livne E. 2017. E-assessment of online academic
courses via students’ activities and perceptions. Studies Educ Eval
54:83-93. https://doi.org/10.1016/j.stueduc.2016.10.001.

1. Soffer T, Kahan T, Nachmias R. 2019. Patterns of students’ utiliza-
tion of flexibility in online academic courses and their relation to
course achievement. Int Rev Res Open Distrib Learn 20.

12. Pentaraki A, Burkholder GJ. 2017. Emerging evidence
regarding the roles of emotional, behavioural, and cognitive
aspects of student engagement in the online classroom. Eur
] Open Distance E-Learn 20:1-21. https://doi.org/10.1515/
eurod|-2017-0001.

13. You ), Kang M, Pahng P. 2013. Moderating effects of academic
emotions between perceived academic control and self-regu-
lated learning in online courses, p 2180-2188. In E-Learn:
World Conference on E-Learning in Corporate, Government,

Volume 22, Number 2

Downloaded from https://journals.asm.org/journal/jmbe on 30 July 2021 by 2600:1700:7¢20:7880:4511:793b:be42:ccd5.


https://youtu.be/SrgzEvyyTiY
https://www.bitmoji.com/
https://www.bitmoji.com/
https://www.remove.bg/
https://www.remove.bg/
https://doi.org/10.46328/ijtes.v4i4.148
https://doi.org/10.1111/1467-8535.00265
https://doi.org/10.1111/1467-8535.00265
https://doi.org/10.1002/pits.20303
https://doi.org/10.1002/pits.20303
https://doi.org/10.3102/00346543074001059
https://doi.org/10.1007/BF03340893
https://doi.org/10.1007/BF03340893
https://doi.org/10.1080/13540600903357058
https://doi.org/10.1080/13540600903357058
https://doi.org/10.34190/EJEL.20.18.2.005
https://doi.org/10.34190/EJEL.20.18.2.005
https://doi.org/10.1080/00461520.2014.965823
https://doi.org/10.1016/j.stueduc.2016.10.001
https://doi.org/10.1515/eurodl-2017-0001
https://doi.org/10.1515/eurodl-2017-0001

PAKPOUR ET AL.: USING INTERACTIVE SLIDES TO INCREASE ENGAGEMENT

Healthcare, and Higher Education. Association for the
Advancement of Computing in Education, Waynesville, NC.

labs that promote higher-order thinking during pandemic
nstruction. | Microbiol Biol Educ 22:ev22il.2439. https://doi

14. Deci EL, Ryan RM. 2010. Intrinsic motivation. In Weiner IB, .org/10.1128/jmbe.v22il.2439.
Craighead WE (ed), The Corsini encyclopedia of psychology. 18. Kher NM, Molstad S, Donahue R. 1999. Using humor in the
John Wiley & Sons, Hoboken, NJ. college classroom to enhance teaching effectiveness in ‘dread
15. Bowling KG, Klisch Y, Wang S, Beier M. 2013. Examining an courses’. Coll Stud ) 33:400—406.
online microbiology game as an effective tool for teaching the 19. Shatz MA, LoSchiavo FM. 2006. Bringing life to online instruc-
scientific process. | Microbiol Biol Educ 14:58-65. https://doi tion with humor. Radic Pedagogy 8:8.
.org/10.1128/jmbe.v14il.505. 20. LoSchiavo FM, Shatz MA. 2005. Enhancing online instruction
16. Davis CP, Pinedo T. 2021. The challenges of teaching anatomy with humor. Teach Psychol 32:247-250.
and physiology laboratory online in the time of COVID-I9. | 21. Merkel S, ASM Task Force on Curriculum Guidelines for
Microbiol Biol Educ 22:ev22il.2605. https://doi.org/10.1128/ Undergraduate Microbiology. 2012. The development of cur-
jmbe.v22il.2605. ricular guidelines for introductory microbiology that focus on
17. Dustman WA, King-Keller S, Marquez R]. 2021. Development understanding. | Microbiol Biol Educ 13:32-38. https://doi.org/
of gamified, interactive, low-cost, flexible virtual microbiology 10.1128/jmbe.v13il.363.
Volume 22, Number 2 Journal of Microbiology & Biology Education 5

Downloaded from https://journals.asm.org/journal/jmbe on 30 July 2021 by 2600:1700:7¢20:7880:4511:793b:be42:ccd5.


https://doi.org/10.1128/jmbe.v14i1.505
https://doi.org/10.1128/jmbe.v14i1.505
https://doi.org/10.1128/jmbe.v22i1.2605
https://doi.org/10.1128/jmbe.v22i1.2605
https://doi.org/10.1128/jmbe.v22i1.2439
https://doi.org/10.1128/jmbe.v22i1.2439
https://doi.org/10.1128/jmbe.v13i1.363
https://doi.org/10.1128/jmbe.v13i1.363

	Increasing Engagement during Online Learning through the Use of Interactive Slides
	REFERENCES


