
Prof. Cary Engleberg, M.D. 

Professor of Internal Medicine 

University of Michigan Medical School 

Unless otherwise noted, this material is made available under the terms of the Crea%ve Commons 
A-ribu%on 3.0 License: hAp://creaDvecommons.org/licenses/by/3.0/  



“The moDon picture is desDned to revoluDonize 
our educaDonal system and . . . in a few years, 
it will supplant largely, if not enDrely, the use 
of textbooks.” 
– Thomas Edison, 1922 



•  “Everything that can be invented has already been 
invented.” 
– Director, U.S. Patent Office, 1880 

•  “The 20th century will see the end of infecDous 
diseases as a significant element in human life.” 
– MacFarlane BurneA, Nobel acceptance speech, 1966 

•  “64K [of computer memory] should be enough for 
anyone.” 
– Bill Gates 



Technology 

“How can I 
use this 
wonderful 
technology?” 

“How should I 
structure my 
content so that 
students will 
learn from it?  

Can technology 
help me? 



• Will students learn beAer? 
– Content involves demonstraDons/processes that 
students cannot see elsewhere. 

– Acceptable materials for self‐learning are not 
readily available. 

– Students would profit from repeDDon. 

• Will I save Dme? 
– Teaching content is repeated frequently 
– Content is fixed (will not require frequent revision) 
If “yes” to any of these, then proceed with an 

instrucDonal design 



•  IdenDfy your audience 
– Who is the programme intended for? 

•  List the learning objecDve(s) 
– What type of knowledge do you expect the 
learner to retain? 

•  Design a mulDmedia lesson using principles 
derived from learning research and/or a 
supported theory of mulDmedia learning 



• Primary audience 
– State the target audience explicitly 
– Direct the programme to this level 

• Who else might benefit? 
– Would a pre‐assessment quiz select 
those who might also benefit from the 
programme? 



•  State your learning objecDves 
– in text, video, or both 
– at least 3; no more than 10 

•  OpDonal learning aids 
– Key Points for learning 
– outline of the topic 

• Danger: Don’t provide the students with notes; 
provide a structure in which they may make their 
own notes 



Knowledge 
Structure  Task  Example 
Process  Understand a cause‐

and‐effect sequence 
Explain how the heart pumps blood 

Comparison  Compare and 
contrast elements 

Compare various forms of transportaDon in 
terms of speed, cost, and safety 

GeneralizaDon  Describe main idea 
and supporDng 
detail 

Explain the causes of World War II 

EnumeraDon  Produce a list   List the 10 largest ciDes in Ghana 

ClassificaDon  Place elements in a 
hierarchy 

IdenDfy a soldier’s rank by the insignia on 
his or her uniform 



•  RetenDon (repeats elements of a lesson correctly 
and in order) 

• Lists the anatomical parts of the heart 

• Can cite the steps in the cardiac cycle and normal 
pressures in each chamber 

•  Transfer (uses knowledge to solve a problem they 
have not previously encountered) 

• Can sort out the consequences if a parDcular heart 
valve fails to close 

• Can explain the change in blood flow when there is a 
hole connecDng the two atria 



•  Proposes a CogniDve Theory 
of MulDmedia Learning 

•  Experiments with various 
instrucDonal designs   

•  Uses transfer tests to assess 
effecDveness of lessons 

•  Uses different media 
(computer, printed materials)  Cambridge Univ. Press 



Do students learn beAer with 
words and pictures, than with 
just words alone? 
“The MulDmedia Principle” 



•  Experimental lesson: How does a bicycle pump work? 
• NarraDon alone, or 
• NarraDon with simultaneous animaDon 

•  Transfer tesDng (essay) 
• Suppose to push down on the handle and no air comes 
out. What could have gone wrong? 

• Why does air enter a pump? Why does it exit the 
pump? 

• What can be done to make sure that a pump will not 
fail? 



•  Subtract the mean of the experimental and 
control group (Δ) 

•  Effect size= Δ ÷ pooled standard deviaDon (SD) 
•  Effect size ≈ No. of SDs of improvement 
•  InterpretaDon: 
– ~0.8 is considered a large effect 
– ~0.5 is considered medium 
– ~0.2 is consider a small 



Source  Content  Format  Effect size 

Mayer, 1989, exp 1  Car Brakes  Paper  1.50 

Mayer, 1989, exp 2  Car Brakes  Paper  1.71 

Mayer & Gallini, 1990, exp 1  Car Brakes  Paper  1.19 

Mayer & Gallini, 1990, exp 2  Pumps  Paper  1.00 

Mayer & Gallini, 1990, exp 3  Generators  Paper  1.35 

Mayer et al., 1996, exp 2  Lightning  Paper  1.39 

Mayer & Anderson, 1991, exp 2a  Pumps  Computer  2.43 

Mayer & Anderson, 1992, exp 1  Pumps  Computer  1.90 

Mayer & Anderson, 1992, exp 2  Car Brakes  Computer  1.67 

Moreno & Mayer, 2002, exp 1  Lightning  Computer  0.45 

Moreno & Mayer, 1999, exp 1  ArithmeDc  Game  0.47 

Median  1.39 





•  Humans have two separate channels to process 
auditory and visual informaDon 

•  At the first transfer to working memory, the 
learner selects fragments of auditory and visual 
content to process 

•  Each channel has a finite capacity and can be 
overloaded 

•  The mind creates separate models for each 
modality and integrates them with past 
knowledge in the final step of learning 







•  Coherence:  
– Extraneous material not related to the focus of the 
lesson overloads the processing channels and 
impedes learning 
• Visual: unnecessary colors, complicated drawings, 
irrelevant pictures or on‐screen text 

• Auditory: background music or sound effects 

– Median effect sizes 
• 2 studies of irrelevant sounds=1.11 
• 6 studies of irrelevant words or symbols=0.82 



R. Adanu & N.C. Engleberg, University of Ghana 



•  Signaling 
– Limited text, highlighDng, or arrows to focus the 
learners aAenDon enhances learning 

– Median effect size of 6 studies of signalling=0.52 

•  Redundancy 
– EliminaDon of on‐screen text of the narraDon with 
the video or animaDon impairs learning 

– Median effect size of 5 studies in which redundant 
text was eliminated=0.72 





Poly‐A 
ATP 

AcDve 2‐5A 
synthetase 

InacDve 2‐5A 
synthetase 

α-interferon 
RNA Virus 

dsRNA 



The ac%ve enzyme converts ATP to 2‐5 poly A 

Free ds RNA ac%vates 2‐5A synthetase 

α-interferon induces produc%on of 
inac%ve 2‐5A synthetase 

Infec%ng virus injects dsRNA 



•  SpaDal ConDguity 
– Placing text or labels next to the object they label 
improves learning 

– Median effect size of 5 studies =1.12 

•  Temporal ConDguity 
– When narraDon and animaDon are present 
simultaneously, learning is improved 

– Median effect size of 8 studies=1.31 



R. Adanu & N.C. Engleberg, University of Ghana 





•  SegmenDng 
– Breaking up complex presentaDons into learner‐
controlled segments improves learning 

– Median effect size of 3 studies =0.98 
•  Pre‐training 
– Making learners aware of terms and definiDons prior 
to explaining a process improves learning 

– Median effect size of 5 studies=0.85 
•  Modality 
– Pictures and voice are beAer assimilated than pictures 
and printed words 

– Median effect size of 17 studies=1.02 





•  PersonalizaDon 
– NarraDon should be directed personally at the 
learner, using the pronouns “you” and “I” rather 
than a passive voice. 

– Median effect size of 11 studies =1.11 

•  Voice principle 
– A human, familiar voice in narraDons enhances 
learning 

– Median effect size of 3 studies=0.78 



Y. Adu‐Sarkodie & N.C. Engleberg, KNUST 



•  Principles apply most directly to learners with 
liAle or no prior knowledge of the subject 
being taught 

•  Principles are more important in the following 
situaDons: 
– Subject‐maAer is complex 
– PresentaDon is fast‐paced 



•  Pre‐programme assessment 
– Helps a learner decide whether they may profit from the 
programme 

– Helps the learner know where their knowledge deficits are 
•  Self‐assessment 

– Helps the student consolidate and reflect on what they 
have learned 

– Helps the student recognize points that they missed and 
should repeat. 

•  Feedback 
–  In the best of circumstances, a student evaluaDon of the 
program would be desirable. 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