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St u de nt-ce ntere d le ar ni n g of bi ol o g y c o nce pts t hr o u g h h a n ds- o n t actile a p -
pr o ac hes is o ne of t he i m p ort a nt t he mes i n i ncl usi ve a n d e q uit a ble S T E M 
te ac hi n g. I n o ur article, we descri be t he de vel o p me nt of cl a y Velcr o ori g a mi 
m o dels f or st u de nts t o e x pl ore t he m olec ul ar a n d cell ul ar pr ocess of m uscle fi -
ber f or m ati o n. We re p ur p ose d d oll ar st ore ite ms a n d rec ycl a ble ite ms use d t o 
c o nstr uct a v ariet y of te xt ures i n t he cl a y Velcr o m o del of e arl y a n d l ate st a ges 
of m uscle fi ber f or m ati o n. T hese h a n ds- o n acti vities are li n ke d t o t he Ne xt 
Ge ner ati o n Scie nce St a n d ar ds ( N G S S) o n usi n g a m o del t o e x pl ore t he cell 
a n d str uct ure c h a n ges t o f or m a m ulti n ucle ate d m uscle fi ber or t he f or m ati o n 
of a s y nc yti u m. Fi n all y, we als o ill ustr ate h o w st u de nts c a n utili ze t he cl a y 
Velcr o m o del t o m a ke pre dicti o ns if ke y m olec ules i n cell f usi o n d o n ot w or k 
d uri n g t he pr ocess of s y nc yti al f or m ati o n d uri n g m uscle fi ber de vel o p me nt.

K e y W or d s:  s y nc yti u m; cell f usi o n; Velcr o cl a y m o dels; access; i nte gr ati ve 
bi ol o g y; i ncl usi o n.

 c I ntr o d u cti o n

Pr o vi di n g  t a ctil e  a p pr o a c h es  t o  e n g a g e  st u d e nts  w h o  ar e  bli n d  
is  i m p ort a nt  i n  cr e ati n g  i n cl usi v e  a n d  e q uit a bl e  l e ar ni n g  s etti n gs  
( Br a n c h, 1 9 4 2; H arj o e et  al., 2 0 2 3; H arris et  al., 2 0 2 2; R a d a vi c h, 
2 0 1 9;  Wats o n  &  B ell,  2 0 2 2).  T h er e  h a v e  b e e n  m a n y  e x a m pl es  
of  i n n o v ati v e  a p pr o a c h es  t o  pr o vi d e  a c c ess  t o  l e ar ni n g  s etti n gs  
( Br a n c h, 1 9 4 2; H arj o e et  al., 2 0 2 3; H arris et  al., 2 0 2 2; S a n c h e z-
A c e v e d o & K a o, 2 0 2 2). F urt h er m or e, t a ctil e m o d els als o pr o vi d e 
i m p ort a nt e q uit y- mi n d e d l e ar ni n g c o m m u niti es t h at c o n n e ct st or y-
t elli n g, cl a y w or k, a n d I n di g e n o us w a ys of k n o wi n g ( B ar aj as- L ó p e z, 
& B a n g, 2 0 1 8). Fi n all y, t h er e ar e s e v er al arti cl es t h at hi g hli g ht t h e 
i m p ort a n c e  of  e q uit y  a p pr o a c h es  t o  s u p p ort  bli n d  a n d  vis u all y  
i m p air e d l e ar n ers i n v ari o us c o nt e xts. F or i nst a n c e, i n c h e mistr y 
e d u c ati o n,  H a m a n n  pr o vi d es  a n  i n n o v ati v e  mi n ds et  t o  s u p p ort  
bli n d a n d vis u all y i m p air e d st u d e nts i n c h e mistr y cl ass es a n d l a bs 
( H a m a n n, 2 0 2 3). I n or d er t o i n c or p or at e e q uit a bl e a p pr o a c h es f or 
bli n d st u d e nts t o gr as p bi ol o gi c al c o n c e pts, s e v er al p e er-r e vi e w e d 
arti cl es pr o vi d e e x a m pl es of r ais e d p a p er gr a p hi cs a n d n e w p oli ci es 
f or t e a c h ers t o s u p p ort bli n d st u d e nts i n t h e cl assr o o m ( F err eir a & 

M a nis, 2 0 2 2; Fr as er & M a g u v h e, 2 0 0 8; G ar d n er, 1 9 9 6; K a w o o y a 
et  al., 2 0 2 3).

C ell str u ct ur e a n d f u n cti o n is o n e of t h e i m p ort a nt c or e c o n -
c e pts i n bi ol o g y ( Mi c h a el et  al., 2 0 1 7). We pr es e nt t w o st e p- b y-st e p 
h a n ds- o n  a cti viti es  t h at  ar e  ali g n e d  t o  t h e  N e xt  G e n er ati o n  S ci -
e n c e St a n d ar ds or N G S S ( N G S S, 2 0 1 3). I n Ta bl e 1, o ur h a n ds- o n 
a cti viti es f o c us o n t h e c ell ul ar f e at ur es i n m us cl e fi b ers t h at c o nt ai n 
m ulti pl e n u cl ei or m ulti n u cl e at e d c ells ( D e m o n br e u n et  al., 2 0 1 5; 
S a m p at h et  al., 2 0 1 8). T his c ell ul ar f e at ur e of m ulti n u cl e at e d c ells 
is  als o  c all e d  a  s y n c yti u m  ( Fi g ur e  1).  I n  o ur  arti cl e,  w e  pr o vi d e  
mi d dl e s c h o ol t e a c h ers wit h a st e p- b y-st e p g ui d e t o e n g a g e mi d dl e 
s c h o ol st u d e nts i n t h e pr o c ess of m us cl e c ell f u n cti o n a n d m a ki n g 
pr e di cti o ns.

 c St e p- B y- St e p A s s e m bl y of t h e Cl a y 
V el cr o Ori g a mi M o d el of F or mi n g a 
S y n c yti u m

As s h o w n i n Fi g ur e 2, w e pr o vi d e a st e p wis e pr o c ess t o pr o vi d e 
diff er e nt  t e xt ur es  t o  r e pr es e nt  t h e  m ol e c ul ar  a n d  c ell ul ar  pr o c ess  
of s y n c yti a f or m ati o n d e pi ct e d usi n g Vel cr o, S ar a n wr a p, a n d cl a y. 
T h e cl a y r e pr es e nts t h e c ell n u cl e us, w hil e t h e Vel cr o ill ustr at es t h e 
pl as m a m e m br a n e, a n d t h e S ar a n wr a p ill ustr at es t h e c yt o pl as m. 
E a c h c o m p o n e nt h as a diff er e nt t e xt ur e f or st u d e nts. ( p a n els A t o 
F). P a n el A, b ef or e c ell f usi o n, e a c h i n di vi d u al c ell h as its o w n D N A 
a n d pl as m a m e m br a n e. P a n el B, o n c e k e y m ol e c ul ar si g n als att a c h 
pl as m a m e m br a n e t o g et h er, t h e c ells f or m a o n e l ar g e c o nti n u o us 
pl as m a m e m br a n e wit h m ulti pl e n u cl ei c all e d a s y n c yti u m. P a n el 
C, ill ustr at es a st e p- b y-st e p di a gr a m i n usi n g S ar a n wr a p a n d cl a y 
t h at s y m b oli z e t h e c yt o pl as m a n d n u cl e us, r es p e cti v el y ( Fi g ur e 2, 
p a n el  C).  I n  or d er  t o  c o nstr u ct  t h e  o ut er  a n d  i n n er  l a y er  of  t h e  
pl as m a m e m br a n e, t w o Vel cr o stri ps ar e f ol d e d t o g et h er ( Fi g ur e 2, 
p a n els D t o F).

I n t h e n e xt t w o s e cti o ns of o ur arti cl e, w e pr o vi d e a st e p- b y-
st e p br e a k d o w n of r el e v a nt b a c k gr o u n d f or t e a c h ers t o i m pl e m e nt 
h a n ds- o n a p pr o a c h es t o all o w st u d e nts t o e x pl or e a n d m a k e pr e -
di cti o ns o n c ell str u ct ur e a n d f u n cti o n i n t h e c o nt e xt of m us cl e 
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Table 1. Linking Learning Objectives with NGSS on Cell Structure and Function

Next Generation Science Standards 
(NGSS) Middle School (MS) Life 
Science (LS)-1-2
From Molecules to Organisms: 
Structures and Processes

Learning Objectives Hands-on Velcro/Clay Model 
Activities with Students

Develop and use a model to describe 
the function of a cell as a whole and 
ways the parts of cells contribute to the 
function.

Define a syncytium using hands-on 
model approaches.
Apply the molecular and cellular 
process of syncytium in the context of 
muscle fiber formation.

Model the molecular and cellular 
changes at the plasma membrane 
during muscle fiber formation.

Science and Engineering Practices: 
Developing and Using Models
Modeling in 6–8 builds on K–5 
experiences and progress to 
developing, using, and revising models 
to describe, test, and predict more 
abstract phenomena and design 
systems.

Make a prediction if one of the signals 
in syncytium formation does not work, 
and describe its effects on cell function.

Use Velcro/Clay models to allow 
students to explore the cellular changes 
when muscle fibers are unable to fuse 
together to form a muscle fiber.

Figure 1. Overview of forming a syncytium. 
Syncytia formation involves key molecular and cellular steps (panels A to C). Panel A, before cell fusion, each individual cell 
has its own DNA and plasma membrane. Panel B, once key molecular signals attach plasma membrane together, the cells 
form a one large continuous plasma membrane with multiple nuclei called a syncytium. Panel C, illustrates an overview of the 
cellular process of forming a syncytium. In blue is the cytoplasm and yellow indicates the nuclei in syncytium and the nucleus 
in each individual cell before cell fusion. A full-color version of this figure can be seen in the online version of this article.
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fiber formation and viral infections. As shared in Table 1, the class 
learning objectives are linked to the middle school life science 
MS-LS1-2 From Molecules to Organisms: Structures and Processes 
(NGSS, 2013). Furthermore, we have included Table 2 that shares 
a relevant glossary of terms that teachers may use to share with 
students.

Teaching Tips for Engaging Students in the Process of 
Using Hands-on Models of Muscle Fiber Formation
Before starting the hands-on activity model, teachers are invited to 
review several molecular and cellular feature. First, it will be help-
ful to verbally share a few sentences on the importance of forming 

Figure 2. Velcro clay origami model on making a syncytium. 
Syncytia formation depicted using Velcro, Saran wrap, and clay. The clay represents the cell nucleus, while the Velcro illustrates 
the plasma membrane, and the Saran wrap illustrates the cytoplasm. Each component has a different texture (panels A to C). 
Panel A, before cell fusion, each individual cell has its own DNA and plasma membrane. Panel B, once key molecular signals 
attach plasma membrane together, the cells form a one large continuous plasma membrane with multiple nuclei called a 
syncytium. Panel C, modeling cytoplasm as saran wrap and ball of clay as the nucleus. Panels D to F, double-sided Velcro views 
of the inner and outer plasma membrane used to model the cellular process of a syncytium.

Table 2. Glossary of Terms on Cell Fusion

Term Description
cell fusion Multiple cells with a single nucleus come together to form an enlarged cell with many nuclei, known as a 

syncytium. The nucleus is the innermost part of the cell that contains rich genetic material surrounded by 
a protective layer called the plasma membrane.

syncytium A large multinucleated cell that is created by attaching two or more single cells together. Syncytia are 
surrounded by the plasma membrane that separates the inside from the outside of the cell, creating a 
protective barrier.

fusogen Special sugar-coated proteins or glycoproteins that give direction to the cells and allow the plasma 
membrane from different cells to attach and connect to one another.
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a syncytium. It may be helpful to create an audio podcast and spe-
cifically describe that muscle fiber cells in our body have multiple 
nuclei that have special proteins (e.g., molecular brains called tran-
scription factors) that act to form muscle cells. In Table 2, these 
individual early muscle cells use another set of special proteins 
called fusogens (Segev et al., 2018) that are sugar-coated proteins 
or glycoproteins that surround the length of the plasma membrane 
and allow each individual cell to fuse together to form a functional 
muscle fiber or myotube.

During the hands-on muscle fiber construction activity from 
Figure 2, prepare the clay, Saran wrap, and Velcro for each student 
and invite each student to collaborate in teams to create a mus-
cle fiber or a cell that contains multiple nuclei called a syncytium. 
Teachers are encouraged to tell their students to save each model 
from activity one, as they will be helpful to return to in activity 
two when making predictions on whether muscle fibers do not fuse 
together.

While engaging students in construction of the Velcro clay 
model of syncytial formation, the following narrative can be 
included during the assembly process: Our human body is made 
up of over 37 trillion cells! Each cell is the body’s building block 
for our heart and lungs to function. Within each cell, there are two 
special molecular parts. First, there is a special molecular Google 
map or a recipe book of information called the nucleus. Specific cell 
types in our bodies, such as lung epithelial cells contain only one 
nucleus. There are additional cells in our bodies, such as skeletal 
muscle cells, that contain multiple nuclei for our arms and legs to 

move when we exercise. The second part is a special molecular Zip-
Lock bag-like molecular device called the plasma membrane that 
surrounds the entire cell.

Once each student has created individual clay Velcro cells mod-
els of individual muscle fibers and another fused or a muscle fiber 
syncytium with multiple nuclei, mention to the class that along the 
outer surface of the plasma membrane contains special sugar-coated 
proteins called fusogens that act like molecular sticky glue that 
attaches the outer layer of the plasma membrane from two cells and 
then forms a continuous plasma membrane to form a functional 
muscle fiber cell (Figure 3).

Teaching Tips for Using Hands-on Models
Making a prediction using the clay Velcro origami model is con-
nected to science and engineering practices in the middle school 
setting. As an extension from activity one, we return back to the 
muscle fiber cell. Have students bring their individual Velcro clay 
cell models and the syncytial cell with multiple nuclei and then ask 
what would happen if the individual Velcro pieces of the fusogen 
are not present—what would happen to the cell?—would it remain 
as an individual cell, or would it form one large cell with many 
nuclei (healthy muscle fiber cell)?

Have students share their prediction, and then begin to clarify 
the process that since the fusogen is missing, the individual mus-
cle cells are not able to attach to one another and the cells can-
not connect with one another and form a syncytium (Figure 4). It 
will also be helpful to share that if individual muscle cells do not 

Figure 3. Velcro clay model of forming a syncytium in muscle fibers. 
(A) To model the sugar-coated protein (or glycoprotein) fusogen that promotes cell fusion in muscle fiber cells, separated 
Velcro is used. (B) Magenta arrow shows the fusogen Velcro on one end of the plasma membrane in one cell, and other 
fusogen Velcro on the other plasma membrane with the magenta arrow point. (C) Magenta arrow point showing fusogen 
Velcro that links two plasma membranes from two muscle fiber cells. (D) Two magenta arrow points show fusogen after 
formation of muscle fiber cell syncytium.
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form a syncytium, then the individual cells can cause muscle loss or 
muscle wasting such as in patients living with Duchenne muscular 
dystrophy (Demonbreun et al., 2015). The muscle loss or muscle 
wasting is caused by a cell death process called apoptosis.

In summary, our clay Velcro origami models of muscle fiber 
formation complements additional resources, including the raised 
paper graphics of biological process and cross-disciplinary themes 
in STEAM (Gardner, 1996; Harris et al., 2022; Indigenous STEAM, 
2020). Furthermore, our presented hands-on model also provides 
a framework to encourage teachers to integrate NGSS learning out-
comes with engineering and cross-cutting concepts. In addition, 
the interactive models may also be integrated with music in the 
classroom to promote an inclusive community of learners (Mod-
ell, 2018). Finally, our hands-on muscle cell activities may also 
be repurposed for science outreach settings for community-wide 
engagement.
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