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	CC1
	A cell synthesizes and releases a chemical messenger.

	
	CC1.1
	A cell synthesizes a messenger molecule.

	
	CC1.2
	Messenger molecules can be proteins (or peptides), steroids, or amines.

	
	CC1.3
	The rate of release of a messenger from a cell is determined by the “sum” of the stimuli for release and the stimuli that inhibit release.

	
	CC1.4
	Chemical messengers are present at very low concentrations in the blood compared to other biologically active molecules such as ions and nutrients.

	
	CC1.5
	The greater the net stimulus for release the higher the rate of release of the messenger.

	
	CC1.6
	Cells release messengers by exocytosis or diffusion across the cell membrane.

	
	CC1.7
	Cells that release messengers can be anywhere in the body.

	CC2
	Transport of messenger molecules is determined by the chemical nature of the messenger.

	
	CC2.1
	The solubility of the molecule determines how it is transported to its target cells.

	
	
	CC2.1.1
	Protein/peptide and amine messengers are generally water soluble and are transported in solution.

	
	
	CC2.1.2
	Steroid messengers are lipid soluble and are transported bound to protein carrier molecules in the blood.

	
	
	CC2.1.3
	Some amine messengers are transported bound to transport proteins and others are carried in solution.

	
	CC2.2
	The extracellular fluid concentration of a messenger molecule depends on the balance between production/release and elimination of the messenger.

	
	CC2.3
	Only the messenger in solution and free to diffuse is biologically active.

	CC3
	The messenger must bind to a receptor protein in or on its target cell to produce a response.

	
	CC3.1
	Each messenger molecule can only bind to a specific receptor molecule.

	
	CC3.2
	A cell can only respond to a messenger for which it has receptors.

	
	CC3.3
	The solubility of the messenger determines the location of its receptor protein in/on the target cell.

	
	
	CC3.3.1
	Water soluble messengers have receptors that on the target cell membrane.

	
	
	CC3.3.2
	Lipid soluble messenger have receptors that are inside the target cell, usually in the nucleus but in some cases in the cytoplasm as well.

	
	CC3.4
	The number of receptors for a particular messenger can be relatively small or relative large, and is variable.

	
	CC3.5
	There can be more than one type of receptor for the same messenger on different target cells.

	
	CC3.6
	Thus the same messenger can produce different responses in the same type of target cells wherever they may be in the body.

	
	CC3.7
	Cells have a large variety of different receptors, thus enabling them to respond to a large number of different messengers.

	CC4
	Binding of the messenger  molecule to its receptor gives rise to signal transduction.

	
	CC4.1
	A single messenger molecule bound to its receptor can activate or alter many more molecules in the target cell; this is called amplification.

	
	
	CC4.1.1
	Because target cell response is a multi-step process, and amplification occurs at each step, a single molecule can activate or alter many more molecules; the more steps in the intracellular signaling process the greater the amplification can be.

	
	
	CC4.1.2
	Given that messenger molecules are scarce, if the signal is not amplified it will have little physiological effect.

	
	
	CC4.1.3
	Because the target cell response is a multi-step process there are many points at which different inputs (other messengers) can modify the outcome/response.  This is referred to as integration.

	
	CC4.2
	Because the target cell response is a multi-step process, a particular messenger molecule can have more than one effect in a target cell.

	
	CC4.3
	There are two basic mechanisms for transduction, both of which result in amplification.

	
	
	CC4.3.1
	Binding of a messenger molecule to its receptor can activate a cascade of intracellular second messengers which result in altered enzy8me activity.

	
	
	CC4.3.2
	Binding of a messenger molecule to its receptor can alter the processes of translation and transcription in the cell nucleus, thus altering the concentration of a specific enzyme in the cell.

	
	
	CC4.3.3
	The speed of the response of the two systems is different.

	
	
	
	CC4.3.3.1
	The speed of response in a second- messenger system is fast since second messenger molecules are already present in the cell.

	
	
	
	CC4.3.3.2
	The speed of response in transcription and translation systems is slower because new molecules have to be synthesized.

	
	
	CC4.3.4
	Persistence of the response to messenger molecules also differ.

	
	
	
	CC4.3.4.1
	In second messenger systems, the half-life of the molecules that get activated is short, and the response can be terminated quickly.

	
	
	
	CC4.3.4.2
	In translation/transcription-based systems, the half-life of the molecule (proteins) produced is longer, so the responses persist longer.

	CC5
	Binding of the messenger molecule to its receptor alters cell function.

	
	CC5.1
	The response of the target cell is a function of the target cell and not the messenger molecule.  That is to say, the response to a given messenger is determined by the physiology of the target cell.

	
	CC5.2
	Alteration of target cell function is always the result of altering enzyme activity, whether caused by second messenger alteration of enzyme activity or by changes in translation/transcription causing the appearance of more enzyme molecules.

	CC6
	Termination of a messenger signal is accomplished in several ways.

	
	CC6.1
	The messenger signal goes away because the messenger molecule is no longer released or it is broken down.

	
	CC6.2
	The messenger molecule is removed from the receptor.

	
	CC6.3
	The receptor+messenger complex is internalized and ceases to generate a signal.

	CC7
	Some cells can communicate with neighboring cells electrically; they are electrically coupled.

	
	CC7.1
	Electrically coupled cells have gap junctions that span their two membranes.

	
	CC7.2
	Current can flow from one cell, when electrically excited, to neighboring cells.

	
	CC7.3
	These currents then electrically excite the second cell.
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Physiology faculty consider cell-cell communications to be one of 
the three most important core concepts in physiology education 
(Michael & McFarland, 2011). We have unpacked this concept to 
create a conceptual framework, the CC-CF. We established the 
validity of the CC-CF through a survey sent to physiology faulty. 
The CC-CF can be used to guide teaching and learning. The next 
step will be to continue validating the CF with input from additional 
instructors at professional meetings EB, APS-ITL & SABER.



The CC-CF is made up of 7 mai n ideas (critical components ,
Level 0: CC1-CC7 ) and hier archically arranged constituent i deas
(Level 1, e.g. CC1.1 ). In all, there are 51 items in the CC s-CF, at
4 levels (Level 2, e.g. CC4.3.3 ; Level 3, e.g. CC4.3.3.2 ). The
handouts that are availabl e at our website, physiologyconcepts.or g
(under ‘presentations’) the contain the entire text of the CC-CF.



(1) Content validity
The mean and SD were calculated for each item i n the CC-CF. The
means ranged from 3.46 (betw een Important and Moderately
Important) to 4.92 (slightly less than Essenti al). No more than 2
respondents rated any item as Not Important and all items w ere
rated as Essential by at l east two respondents.



(2) Position in the hierarchy
The ratings for all of the items at each of the four levels of the CC-
CF were counted and a bar gr aph drawn (Figure 2). It is cl ear that
those items lower in the hierarchy were deem ed less important
than those higher up, i.e. the critical components or main ideas.A core concept of “information flow” was defi ned in Michael et al.



(2009). This core concept w as initi ally outlined by J Michael and
then unpacked by sub-set of our project team (Model, Wenderoth &
McFarland). The entire projec t team (Cliff, McFarland, Michael,
Modell, Wenderoth & Wright) then edited the i nitial unpacking and
devel oped the first draft of the CC-CF in October 2011. Michael
adapted this CC-CF in November 2011 as “Core Concepts of
Endocrine Signaling” for use i n a class of first year medical
students. The CC-CF underwent several rounds of editi ng and
finally, in Fall 2015, was vetted by other physi ology faculty vi a
SurveyMonkey. This survey established content and construc t
validity. We defi ne content validity as “accurate and appr opriate for
undergraduate physiology” and construct validity as “important and
relevant for undergraduate physiology” (McFarland et al., 2016).



Invitati ons to participate in the survey were sent to physiol ogy
faculty who had participated in past surveys (Michael & McFarland
2011). 37 completed surveys were collected.
Respondents wer e presented with the 51 items maki ng up the CF
and asked to rate each item on a scal e from 1 (Not Important) to 5
(Essential). They wer e also asked to comment on any errors that
they uncovered and to suggest additional items that were needed.
The responses submitted were tabul ated. Three questions about
this CF were asked:
(1) Do faculty responses confirm content validity?
(2) Is the importance of an item in the CF determined, in part, by its



position in the hierarchy?
(3) Are all of the main ideas making up the CF equally important?



(3) Importance of the main ideas
The rati ngs for all of the 7 mai n ideas are displayed in Figure 1; r ed
arrows point to proportion of Essenti al ratings. However, the 7 main
ideas of the CC-CF are NOT equally important in courses taught
by these physiology faculty.



This QR code will take you to our website where you will 
find the SABER abstract and a link to the entire Cell-Cell 
Conceptual Framework (CC-CF).
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Implications for Teaching/Learning Physiology
We have produced a conceptual framework for the important core
concept of Cell-Cell Communications judged by faculty to be valid.
However, it is also cl ear that not every item in this CF will be
deemed to be equally important. The student populati on being
addressed, the particul ar course involved, the l earning objectives
of the i nstructor, and the career goals of the students are all fac tors
that must be taken into account when using the conceptual
framework to help student develop and appropriate understanding
of physiology.
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Physiology faculty consider cell-cell communications to be one of 

the three most important core concepts in physiology education 

(Michael & McFarland, 2011). We have unpacked this concept to 

create a conceptual framework, the CC-CF. We established the 

validity of the CC-CF through a survey sent to physiology faulty. 

The CC-CF can be used to guide teaching and learning. The next 

step will be to continue validating the CF with input from additional 

instructors at professional meetings EB, APS-ITL & SABER.

TheCC-CFismadeupof7mainideas(criticalcomponents,

Level0:CC1-CC7)andhierarchicallyarrangedconstituentideas

(Level1,e.g.CC1.1).Inall,thereare51itemsintheCCs-CF,at

4levels(Level2,e.g.CC4.3.3;Level3,e.g.CC4.3.3.2 ).The

handoutsthatareavailableatourwebsite,physiologyconcepts.org

(under‘presentations’)thecontaintheentiretextoftheCC-CF.

(1)Content validity

ThemeanandSDwerecalculatedforeachitemintheCC-CF.The

meansrangedfrom3.46(betweenImportantandModerately

Important)to4.92(slightlylessthanEssential).Nomorethan2

respondentsratedanyitemasNotImportantandallitemswere

ratedasEssentialbyatleasttworespondents.

(2) Position in the hierarchy

TheratingsforalloftheitemsateachofthefourlevelsoftheCC-

CFwerecountedandabargraphdrawn(Figure2).Itisclearthat

thoseitemslowerinthehierarchyweredeemedlessimportant

thanthosehigherup,i.e.thecriticalcomponentsormainideas.

Acoreconceptof“informationflow”wasdefinedinMichaeletal.

(2009).ThiscoreconceptwasinitiallyoutlinedbyJMichaeland

thenunpackedbysub-setofourprojectteam(Model,Wenderoth&

McFarland).Theentireprojectteam(Cliff,McFarland,Michael,

Modell,Wenderoth&Wright)theneditedtheinitialunpackingand

developedthefirstdraftoftheCC-CFinOctober2011.Michael

adaptedthisCC-CFinNovember2011as“CoreConceptsof

EndocrineSignaling”foruseinaclassoffirstyearmedical

students. TheCC-CFunderwentseveralroundsofeditingand

finally,inFall2015,wasvettedbyotherphysiologyfacultyvia

SurveyMonkey.Thissurveyestablishedcontentandconstruct

validity.Wedefinecontentvalidityas“accurateandappropriatefor

undergraduatephysiology”andconstructvalidityas“importantand

relevantforundergraduatephysiology”(McFarlandetal.,2016).

Invitationstoparticipateinthesurveyweresenttophysiology

facultywhohadparticipatedinpastsurveys(Michael&McFarland

2011).37completedsurveyswerecollected.

Respondentswerepresentedwiththe51itemsmakinguptheCF

andaskedtorateeachitemonascalefrom1(NotImportant)to5

(Essential).Theywerealsoaskedtocommentonanyerrorsthat

theyuncoveredandtosuggestadditionalitemsthatwereneeded.

Theresponsessubmittedweretabulated.Threequestionsabout

thisCFwereasked:

(1)Dofacultyresponsesconfirmcontentvalidity?

(2)IstheimportanceofanitemintheCFdetermined,inpart,byits

positioninthehierarchy?

(3)AreallofthemainideasmakinguptheCFequallyimportant?

(3) Importance of the main ideas

Theratingsforallofthe7mainideasaredisplayedinFigure1;red

arrowspointtoproportionofEssentialratings.However,the7main

ideasoftheCC-CFareNOTequallyimportantincoursestaught

bythesephysiologyfaculty.
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Implications for Teaching/Learning Physiology

Wehaveproducedaconceptualframeworkfortheimportantcore

conceptofCell-CellCommunicationsjudgedbyfacultytobevalid.

However,itisalsoclearthatnoteveryiteminthisCFwillbe

deemedtobeequallyimportant. Thestudentpopulationbeing

addressed,theparticularcourseinvolved,thelearningobjectives

oftheinstructor,andthecareergoalsofthestudentsareallfactors

thatmustbetakenintoaccountwhenusingtheconceptual

frameworktohelpstudentdevelopandappropriateunderstanding

ofphysiology.
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