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Increasing student engagement in physiology — the use of simple spinal reflex animations

Richard Guy

School of Medical Sciences, RMIT Univerdr® Box 71, Bundoa VIC 3083, Australia

Summary use of animations and multimedia instruction and there is a
_ ) o common viev that animations prade an efective means

1. Simple spinal refbeammatlons_ were dﬂ?'_OPGd 10 of learning. Havever improper use of e-learning tools may
help overcome a common student misconception that thgaq (g |ess than ideal\dronments] A survey d computer
brain is part of spinal refiepathways. Alow cognitve  gnimations in  medical education found that some
load approach and best practice principles were used d@imations increased extraneous cogeitbad and reduced
generate stretch refigGolgi tendon refle and withdraval  germane cognitee load® To avoid some of these issues the
reflex animations. Resting membrane potential, grade%ine“ refla animations were deloped using a M
responses and action potentials were represented by @nitive load approach. This was based on a best practice
simple colour code rather than by compleltage-time ¢ _eaming strategy that incorporated load reduction,
graphs. o o simplification of naigation, a primarily visual format,

2. Pre-test post-teswduation indicated a significant interactiity (actve learning) and feedbadR. Student

improvement in student understanding of spinal s&fe  oy4ation of the animations as used to assess theeef
Although this impregement cannot be entirely attributed 0engagement.

the animations the were successful in engaging the
students with 92% of students seyed (n=85) agreeing Methods
that the animations were a useful aid to their learning.

3. The benefits of the Yo cognitive @proach and The student sample
adwantages and disadvantages of usingysjuiogy
analogies (including animations) as a student-learning tot%I
are discussed.

The animations were ddoped and used by students
king a second year undeaduate physiology course. The
neuroplysiology component was taughten a three-week
Introduction period and preided a comprehenst mverage of nergus

system function including one lecture on spinal xefle

Physiology is an important (core) component ofThese students had reeml introductory lectures on the
mary health sciences programs and it is critical thatervous system during their first year.
students understand the basic conceptavede student ]
engagement with pysiology has emerged as a significanP€velopment of the e-learing module
problem in recent years. Lack of eggment in turn leads
to poor learning outcomésThis study is based on the ideaUsed
that reducing the cognit® load of instructional material
will lead to increased student engagenfent.

A trial version ofEnactEd (‘Enact Educatiohp’'was
to deelop the e-learning moduleEnactEd was
developed at RMIT Un¥ersity to allav academics to create

online learning activities. The animations wereeligped

The inefectiveness Qf traditional forms O_f tea_chmgin association with the RMIT Educational @mpment
(e.g. lectures, summary diagrams and electysdlogical Unit and were based on Adobe Flash software.
recordings) can be seen when some students continue to

believe that the brain is an essential component of a spinglultiple-choice questions
reflex pathway Continuing anecdotal indicators from
student erbal feedback and examination answers suggest Each animation @s associated with a multiple-
that misconceptions may be deep sed®de method that choice question related to a particular veflghe same
has been suggested as a way of improving studettestions used in the pre and post-tests). The distractors
encagement and understanding is the use ofsiplogy Were deeloped using student feedback and common
analogies. Analogies tia keen used as a means of reducingtudent misconceptions in written exam answees. each
cognitive load by providing students with a simplefore question the distractors included one that specifically
tangible, representation than thatfeoéd by “taget” indicated that the brainas a critical component of a spinal
concepts. Analogies range from students acting out réflex pathwaye.qg. (following stretch of a skeletal muscle)
concept to those that attempt to closely model the actua$ensory receptors in the muscle send signals to the brain
physical processes\nlved5 Effective analogies may lead and the brain sends signals back to the muscle to cause it to
to improved engagement and learnirfgand for this reason a contract”.
set of animations was wddoped to promote student
engagement in and understanding of spinalxedle

The widespread use of e-learning has promoted the
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Figure 1. Template for stretb and Golgi tendon reflegs. The stetch reflex animation was based on the muscle spindle
sensory neumn, the motorneuron and the musdibe Golgi tendoneflex animation also included the Golgi tendon sensory
neuon and the interneuron. Eaaf the two eflex animations was initiated by clicking on a “stth muscle” icon. Synap-
tic potentials wez represented by graded colouhanges and action potentials werepresented ased dots (maximum
positive potential) passing along the axons. All potentieElnces wee refelenced against a colowoltage sale bar
Labels could be shown or switchedl of

Neurophysiology animations at slaw speed to allev time for the students to obserthe
o potential changes and sequence wénés. Labelswere
Validation provided to assist understanding of the peflemponents

but in line with the lev cognitive gproach the could be
switched of to reduce potential distraction. Academic peer
review was used to ensure that the animations were suitable
for their intended purpose.

Three animations were dgoped to support understanding
of the stretch reflex, the Golgi tendon refland the
withdrawal reflex. Themain purpose of the animationsisv
to demonstrate that spinal reds ae based on simple
neuronal arrangement®. that the brain is not part of the giretd Reflex

reflex loop. T reduce cognitie load a simple arrangement

of neurons and muscle cellsasv used with the first tw The stretch refbe animation template is sk in
reflexes dharing the same template. Reduced load was alB@ure 1. The refl& pathway consists of a single muscle
achieved by limiting movement to voltage changes andspindle sensor in the muscle which projects to a single
muscle contraction. Membrane potential changes wengotorneuron. The motorneuron in turn projects back to the
shavn as simple graded colour changes rather than lasdy of the muscle. The background blue colour of the
comple voltage-time displays. A colour baraw proided neurons indicates resting membrane potentfedtivation

that matched the colour aigst the potential (Figure 1). of the refle (by clicking on a “stretch muscle icon”) caused
Resting membrane potentiabe/coded by a single uniform muscle stretching and stimulation of the muscle spindle
colour Synaptic potentials were represented by gradeskbnsarAction potentials were shown as red dots (maximum
changes in colourAction potentials were represented by gositve potential) passing along the sensory axon to the
colour eguident to the peak potential. The animations raaxon terminals. The motorneuron dendrites and cell body
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Withdrawal reflex show labels

prick finger with
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@
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Figure 2. Template for withdrawal reflexThe withdrawal eflex animation was based on the skin sensory (pain)areur
the interneuron, the motorneuron and the mustie reflex animation was initiated by clikng on a “prick finger” icon

that triggered the movement of the pin into the &ndreflex output was indicated by muscle contraction and withdrawal of
the fingr. Synaptic potentials wer represented by graded colouhanges and action potentials werepresented ased
dots (maximum positive potential) passing along the axons. All potemtiatgs wee refeenced gainst a colowvoltage
scale barLabels could be shown or switched of

shoved an excitatory post-synaptic potential (EPSP initiated EPSP cancelled each other and no outmag w
graded green colours) that generated action potentiglsoduced by the motorneuron (no muscle contraction).
These potentials passed to the muscle and produced an

EPSP (graded green colours) and generation of acti¥yfthdrawal reflex

potentials (maximum posie potential - red lines) and

X A pin entering the finger initiated refleactivation
muscle contraction.

(Figure 2). Stimulation of a single pain sensor caused

Golgi tendon reflex action potentials to pass to the sensory axon terminals.
These initiated an EPSP (graded green colours) and action

The Golgi tendon refleis a £parate animation using potentials in an interneuron. The interneuron in turn

the template shn in Figure 1. The refiepathway consists activated the motorneuron by generating an EPERe

of a single Golgi tendon gen which projects to a single EPSP generated action potentials that passed to the muscle

interneuron. The reflewas initiated in a similar fashion to and caused muscle contraction and finger withidra

the stretch reflebut with a lager stretch. In addition to the ) )

stretch refle activation described ah@ the Golgi tendon Delivery and testing protocol

organ receptor vas also actated and action potentials

paése?] to tr:je axon Iterm:jnacljs. Thet mternﬁurontwagak:adl dduring the neurophysiology component. Before the module
and showed a (colowrnded) postsynaptic potential an started the students completed three multiple-choice

ﬁ]cr::g::ogloéi)gtg;‘a;?cep:)r::;wrtri]aelu(rlclénsIg)] irgutrr?e %g?;ﬁiir%estions (as part of a tgar test) related to the animations
) auge the dgee of “prior knavledge”. Thesame three
(graded dark blue colours). The IPSP and muscle spin eg g a3 P g

The students were \gin access to the animations
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questions were also competed six weeks later after the enfibrmation was remeed. In addition some dgee of actie
of the neurophysiology component. The same questiolearning was pnaded where students were able to select
were also linkd to the online animations. A non-parametriand actvate the animation of choice and reaeifeedback
Friedman test as used to establish significantfeliences via coupled multiple-choice questions. The results of this
between the pre and post-test data. At the end of theidy are encouraging with respect to student engagement.

semester students were seywd with respect to their Pre-intenention assessment indicated (in line with
opinion of the animations. anecdotal evidence) that a significant proportion of students
considered the brain to mediate spinal sefiefor all three
Results reflexes).  Post-intergntion assessment indicated a
Pre-test significant increase of correct answers in these areas from a

pre-test werage value of about 50% to a post-tesirage

Each of three multiple-choice questionsasy Of between 79% and 89%. Thect that the post-tesalue
answered correctly by approximately 50% of the studenit¥s mot higher might be related to the difficulty in
(stretch refle — 50%; Golgi tendon refle — 53%; Overcoming misconceptions once thehave become
withdrawal reflex — 50%). The correct answers indicatedestablished. It is possible that these misconceptions result
that sensory signals were sent to andgirsteed within the from first year classes where the importance of the brain in
spinal cord before the production of a motor output (g¥ensory processing and motor control is stressed. The
blocking of the motor output in the case of the Golgi tenddmprovement appears to be representatid the cohort
reflex). For the stretch refleand the Golgi tendon refte (rather than being restricted to a particular subgroup) as the
approximately 20% of the students indicated that the spira#mber of students answering all three questions correctly
reflex pathway involved the brain, and in the case of théose from a pre-test value of 22% to a post-tedties of
withdrawal reflex 40% of the students considered the brai®1%. Asthe students also had access to other learning
was part of the reflg pathway. resources between the pre and post-test it is not possible to

Amongst the cohort of students 22% answered atribute the imprgement in learning to the animations
questions correct}y27% answered 2/3 questions correctlyalone. Havever the animations were certainlyfettive in
27% answered 1/3 correctly and 248tidd to answer an  engaging the students as 92% of those eyed agreed that

questions correctly. the animations were an effaailearning aid.
Very few studies hae tested the dééctiveness of
Post-test physiology analogies. For example Breckler ang'¥used

pre-test post-test method to shamproved sudent
rning following the use of a blood oxygen carrying
alogy Only two gudies hae wsed a control group to

The post-test results indicated a significant increa%
in the percentage of correct answers for all three spin
reflex qu_estions (stretch refte- 82%; Golgi tendon refle— ascertain the learning effect of an analogy one case the
79%; withdraval reflex — 89%. The post-test results WETre halogy was shown to befettive,!® and in the other it
significantly dlf.erent. from the pre-test results in each cas hiaed a smilar effect to c;omparalé ext-based
(Non-parametric Friedman tes?<0.001, pre-test n=74; ... iqq4 Although it is important to assess the
post-test n=28). Among;t the post-test cohort of StUder}r:Pﬁecti\/eness of phsiology analogies it is also important to
61% answered all questions correc$% an_swered 213 understand that tlgeare likely to be most ééctive when
correctly and 11% answered 1/3 correctly aitetl to get used in conjunction with other learning resourtes.

ary correct, The success of the spinal reflanimations mayin
Final Survey part, be attributed to the combination of eetiearning with
a visual and meement approach. These stigits are a

A final suney found that 92% of the students agreedommon feature of physiology analogiegy. the online
that the animations were feftive in explaining animated model of glomerular filtration rafelinteractivity
neuroplysiological concepts (n=85). No students werés a key ammponent of aponline systert® and it provides a
found who disagreed with this statement. basis for actie learning as it increases learner interest,
cognitve pocessing and curriculum irgetion. Actve
learning can be achied in other analogies, outside of the
online environment, by pisical manipulation of objects

e.g. manipulating springs to illustrate ydiology

up to more compbe concepts in pisiology would be I , i
regaded by most as a reasonable syplé However principlest® or by acting out physiology concegté key
hgpmponent of the spinal reflanimations is the use of a

finding a way to present fundamental concepts in a way t &P
will engage the students is not straightfard: The use of a visual approach and ouwa work and that of manothers

low cognitive load approach appears to provide a useflfh'las indicated that mgrstudents hee a vsual preference

starting point. Although the cognié load of the spinal or the intale of information? The neurons in the animation
reflex animations was not measured a best practic%re clearly represented and labels can be “switched off” to

approach to reducing loadas used where colour changesreduce cognitie load. Colour is another important aspect of

replaced voltage-time plots and where unnecessatp?%a spinal reflgm|mat|ons and our replacement afitage-
time plots with a colour code serves otwmportant

Discussion

The idea of starting with fundamentals andlding
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functions. Firstly it provides a more visual representation @nderson and Dr Bruce Byrne for helpful comments.
voltage changes and secondly colour itself can provide an

important element in student exgement and interest. References
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