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What do we know about learning?

The Science of Learning

“An empirical approach to
understanding how people
learn”

- Benassi, Overson, and
Hakala, 2014

“Scientific study of how people
learn”
- Mayer, 2011

Brown, P., Roediger, H., McDaniel, M. (2014). Make it stick: the science of
successful learning, Belknap Press, Cambridge MA, p. 155-157.




How do students study?

84% of students re-read their notes or
textbook

55% ranked this as their #1 strategy!

Karpicke, J.D., Butler, A.C., & Roediger, H.L., Ill. (2009). Metacognitive strategies in
student learning: Do students practice retrieval when they study on their own? Memory, 17,
471-479.

Other evidence
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Who are our readers?

* Low-structure builders (Example learners)

* High-structure builders (Rule learners)

Who are we as authors?

* Low-structure Builders (Example Learners)

* High-structure Builders (Rule Learners)

— Don’t get caught in the expert blind spot!




How can we help our readers?

Build a Structure

Generate Understanding

Offer Opportunities for Retrieval Practice
Mix, Don’t Block

Building Structure
What works better than just re-reading?
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Figure 4. Final test performance as a function of condition and level of structure building ability.
Adapted from Callender & McDaniel (2007).

From Nguyen and McDaniel in Benassi, V.A., Overson, C.E., & Hakala, C.M. (2014). Applying Science of
Learning in Education: Infusing psychological science into the curriculum. Retrieved from the Society for
the Teaching of Psychology website: http://teachpsych.org/ebooks/asle2014/index.php, p.112.




How can we build structure?

What do | need to know
for the exam? How can |
tell what is important?

Building Structure
Identifying Core Chemistry Skills

Hegt Equation

}'. CORE CHEMISTRY SKILL W
Using tha Haat Equation

we know the specific beat of a substance, we can calculate the beat lost or gained by
fsuring the mass of the substance and the initial and final emperatures. We can substi-
these measurements into the specific heat equation that is rearranged to solve for heat,
which we call the heat equation.

}' CORE CHEMISTRY SKILL To convert fron degrees Fahrenheit 1o degrees Celsins, the temperature equation is
Convering batwien Tem- rearranged 10 solve for L. First, we subtract 32 from both sides iince we must apply the
parature Scalas

same operation to both sides of the equation.

h-R=180)+R-3
-2 =180

}' cone cemstar s 3-1 Classification of Matter
Classifying Mattor LEARNING GOAL Classify axamples of matter a5 pure substances of mixwres

Matter is anything that has mass and occupies space. Matter is everywhere around ux: the
omage juice we had for breakfast, the water we pat in the coffee maker, the plutic bag we
put our sandwich in, cur toothbrush and toothpaste, the oxygen we inhale, and the carbon
dioxide we exhale. To o scientist, all of this material is matier, The different types of matier
are classified by their composition.




Building Structure
Reviewing Core Chemistry Skills at End of Chapter

}0 CORE CHEMISTRY SKILLS

The chapter section containing each Core Chemistry Skill is shown in
parentheses af the end of each heading.

Counting Significant Figures (2.2) Writing Conversion Factors from Equalities (2.5)
Agmncant figures (SFS the measured numbers including * A conversion factor allows you to change from one unit 1o another.

last, estimated digit: + Two conversion factors can be written for any equality in the met-

= All nonzero digits ric, US., or metric-U.S. systems of measurement.

Zeros between nonzero digits + Two conversion factofs can be written for a relationship stated

Zeros within a decimal number within a problem.

igits in a coefficient of g T Wwritten in scientific notation Example: Write two conversion factors for the equality:

counting or a definition and has no 1L = 1000 mL.

An mber is obta
ect on the number of significant res in the final answer. 1000 mL IL

Example: State the number of significant Byures ineach of the following: ~ Amswer: — = and S
a. 0.003 045 mm Al a. four SFs
b, 15000 m b. two SFs Using Conversion Factors (2.6)
c. 45.067 kg c. five SFs In problem solving, conversion factors are used to cancel the given
d. 5.30 % 107 g d “"“‘ISFS unit and to provide the needed unit for the answer.
[ g €. exac

+ State the given and needed quantities.
* Write a plan to convert the given unit to the needed unit.

Building Structure
Embedding Questions

from the ionic charges of the positive and negative ions. Suppose we wish to write the for-
mula for the ionic compound containing Na* and $*~ ions. To balance the ionic charge of
the S~ ion, we will need to place two Na' ions in the formula. This gives the formula Na,S,
which has an overall charge of zero. In the formula of an ionic compound, the cation is
written first followed by the anion. Appropriate subscripts are used to show the number of

How are the charges of ions used

to write an ionic formula?

Each loses | ¢ Gains 2¢ 2N’ s?
21+ + 1(2-)=0

MNa,S, sodium sulfide




Building Structure
Embedding Questions

6.1 Classes of Carbohydrates

carbohydrate is a simple or complex sugar composed of carbon, hydrogen, and
kvgen. The simplest carbohydrates are monosaccharides (mono is Greek for “one,”
dakkharis is Greek for “sugar™). These often sweel-tasting sugars cannot be broken
down into smaller carbohydrates. The common carbohydrate glucose, CH, 0 isa
monosaccharide. Monosaccharides contain the elements carbon, hydrogen, and
oxygen, and they have the general formula C (H,0) , where n is a whole number 3
or higher.

Disaccharides consist of two monosaccharide units joined together. A disaccharide
can be split into two monosaccharide units. Ordinary table sugar, sucrose, C,,H,,0,, is
a disaccharide that can be broken up through hydrolysis into the two monosaccharides
glucose and fructose.

Oligosaccharides are carbohydrates containing three to nine monosaccharide
units. The blood-typing groups known as ABO are oligosaccharides.

When 10 or more monosaccharide units are joined together, the large molecules that
result are termed polysaccharides (poly is Greek for “many™). In polysaccharides, the
sugar units can be connected in one continuous chain, or the chain can be branched.
Starch, a polysaccharide in plants, contains large chains of glucose that can be broken
down to produce energy.

6.1 Inquiry Question

How do we classify
carbohydrates?

Building Structure
Provide Learning Outcomes and Practice

PTER

The study guide will help you check your understanding of the main concepts in Chapter 6. You should be able to answer
problems for each leaming outcome in this list. To check your mastery, try the problems listed after each.

STUDY GUIDE

Inquiry Question
How do we classify carbohydrates?

8.1 Classes of Carbohydrates

Classify carbohydrates.

Carbohydrates are dlassified as monosaccharides (simple sugars),
harides (two monosaccharide uni oligosaccharides (three
to nine monosaccharide units), and pol ‘harides (many mono-
saccharide units). The simplest carbohydrates are the monosaccha-
rides with a molecular formula of C, (H,0) where n = 3-6. Edible
carbohydrates that cannot be broken down by the body’s enzymes
are classified as cither soluble or insoluble fibers based on their
ability to mix with water.

6.2 Functional Groups in Monosaccharides Inquiry Question
Locate organic | groups in What functional groups are present in monosaccharides?
* Distinguish primary, secondary, and tertiary alcohoks. B Moscsicchasides cootiy ssintal slsobiol
(Try 6.5,6.53) ; I (hydroxyl) groups, and either an aldehyde or
* Recognize and draw the _!uncllnnal groups alcohol, 1 C—H a ketone functional group. Alcohols can be
aldehyde. and ketone. (Iry 6.7,6.51) ' primary, secondary, or tertiary depending

l{-z- C—=0OH  on the number of carbons attached o the
alcohol carbon. Aldehydes and ketones are
. 4 ing_6

|
ol £l 1 cooun




Building structure
Use contrasting examples

Use contrasting examples with critical attributes
— Look for differences, not similarities

Similar examples are hard to learn together

* Latitude and longitude
* Simile and metaphor
* Meiosis and mitosis

Point out the differences first
Discuss them one at a time

Solving

O
R’ a Problem

Dy

H H HH b H .
Contrasting

Examples

H=C=—CC—C—H H 0t H
HHHH B ——C—H
Butane, H H H

Isopropyl alcohol
rubbing alcohol

STEP 1 Determine the number of carbons connected end to end.
Inbtitane, there are four carbons

b. H
H HHH H :0: H
H—C—C—C—C—H H—C—C—C—H
H H H H H HH




Building Structure
Provide review information

CHAPTER READINESS'
Oe KEY MATH SKILLS }. CORE CHEMISTRY SKILLS
* Lking Positive and Nagative Numbars in Calculations (1.4) * Counting Significant Figures (2.2)
* Solving Equations (1.4) * Using Significant Figures in Calculations (2.3)
* Intorproting Graphs (1.4) » Writing Corversion Factors from Equalities (2.5)
= Comverting between Standard Numbers and Sclontific * Using Comvarsion Factors (2.8
Notation (1.5)
* Rounding Off (2.3)
*Thess Kay Math Siills and Core Chemistry Skills fom o Tistod hare foryour revies toth this chs

20

Generate Understanding
Color Blocks Identify Factors

f SAMPLE PROBLEM 2.11 Problem Solving Using Two Conversion Factors
Synthroid is used as a repl or suppl | therapy for diminished thyrid func.
tion. A doctor’s order prescribes a dosage of 0,150 mg of Synthrosd. If tablets in siock
coatain 75 mcg of Synthroid, how many tablets are required 1o provide the prescribed

medication”

SOLUTION

STEP ) State the given and needed quantities.
ANALYZE THE  Given Nesd
PROBLEM 0.150 mg of Syntheoid ruimbee of tabigts

STEPE Write 2 plan to convert the given unit to the nesded unit.

e e mtsmber of tablets
factor

1l -
milligrams " micrograms
STEPE] State the equalities and conversion factors.
| myg = 1000 mcg 1 tahiler = 75 meg of Symthroid
1 mg wad 1000 meg. 1 tabler 75 mcg Synihroid
1000 meg I mg 75 mog Synthrowd 1 ablet

STEPE Set up the problem to cancel units and calculate the answer. The
problem can be sel up wsing the metric factor b cancel milligrams, and then
the climscal Eactor 1o obtain the aumber of tablets as the final unit

(2] Fazt

1000 1 tablet
0150 i ==l 3 SO 2 tablets
g Synehrolll g 7 tablets

Thise SF Ea Tea Sk

56




Retrieval-practice

What is better, re-reading or retrieval-
practice?
S = Study
T = Test
a ® 08 I SSSS
Cramming g  sssT
actually i :
o |
works short g o6
term: 205
é 0.4
a °
Retrieval-
5 Minutes . 1 Week practice
Retention Interval
Fig. 2. Mean proportion of units recalled on the final test after a 5 works for
A retention
standard errors of the means.
Roediger, H.L., & Karpicke, J.D. (2006). Test-enhanced learning: Taking memory tests
improves long-term retention. Psychological Science, 17, 249-255.

10



Opportunities for Retrieval Practice
Suggested Practice Problems

PTER

The study guide will help you check your understanding of the main concepts in Chapter 6. You should be able to answer
problems for each leaming outcome in this list. To check your mastery, try the problems listed after each.

STUDY GUIDE

8.1 Classes of Carbohydrates
Classify carbohydrates.
* Classify carbohydrates as mono-, di-, oligo-, or

polys:
+ Distin

Inquiry Question
How do we classify carbohydrates?

Carbohydrates are dassified as monosaccharides (simple sugars),
monosaccharide units), oligosaccharides (three
ide units), and polysaccharides (many mono-
“he simplest carbohydrates are the monosaccha-

ish soluble and insoluble fiber. (Try 6.3, 6.49)

are classified as cither soluble or insoluble fibers based on their
ability to mix with water,

6.2 Functi | Groups in M harides Inquiry Question
Locate organic groups in What functional groups are present in monosaccharides?
+ Distinguish primary, secondary, and tertiary alcohols. " Misiioiiosiasiden contil ssal kst
(Try 6.5,6.53) I (hydroxyl) groups, and either an aldehyde or
* Recognize and draw the .Iunulmnal groups alcohol, 1 C—H a ketone functional group. Alcohols can be
aldehyde, and ketone. (lry 6.7, 6.51) | primary. secondary, or tertiary depending

2
H o= == OH on the number of carbons attached 10 the
| alcohol carbon. Aldehydes and ketones are

~ 1L grtancd fucctional grous

Opportunities for Retrieval Practice
Self-Test Practice Problems

@ SELF-TEST
Problems 1.21and 1.22

STUDY CHECK 1.4
A bullet seized from the suspect’s ition has a composition of lead 11.6 g,
tin 0.5 g, and antimony 0.4 g.
a. What is the percentage of each metal in the bullet? Express your answers to the ones place.
b. Could the bullet rmoved from the suspect’s ammunition be considered as evidence that
the suspect was at the crime scene mentioned in Sample Problem 1.47

ANSWER
a. The bullet from the suspect’s ammunition is lead 93% tin 4%, and antimony 3%.
bh. The composition of this bullet does not match the bullet from the crime scene and
cannot be usad as evidence.

11



Opportunities for Retrieval Practice
During Class — Clicker Questions

Student
Responses
/

Volume added

63

Opportunities for Retrieval Practice
After Class — Video Practice

\‘ }! Practicing the Concepts  Blye play button icons in margins of text
Predicting Solubility of .
Molecules in Water + ask students to practice the concepts through

watching a short video
* use QR on text cover

’ Green play button icons
margins throughout text
introduce key topics before/after class
walk through problem solving
in web and mobile formats in etexts
at App Store
or use QR on text cover

64
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Opportunities for Retrieval Practice
After Class — Online Homework

Retrieval Practice

IVinctrarineec
AstTe | O
Ao L<l 1l 'S5

-C;tinuousg
Adaptive

Homework
Quizzing,
and Testing

AFTER
CLASS
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Mix, don’t Block

B Practice Performance C Test Performance
100% 100% -
I
89% B

>
& [2)
Qo 1 © L)

o %
g 60% E 63
3 3
< < -

20%
0% 0%
Mixers Blockers Mixers Blockers

* Blocking facilitates processing of similarities,
mixing facilitates processing of differences.

Rohrer, D., & Taylor, K. (2007). The shuffling of mathematics problems
improves learning, Instructional Science, 35(6), 481-498.
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Mixing

Combining Ideas

COMBINING [»] TV from Chapters 1to 3

CLI Gold, wae of the most sough-afier metals in she word, has
donalty of  ameling point of  and aspecilichest of A
gobd magget fowsd in Alaks in 1998 weighs 20,17 b (24, 16, bW lelor

17,33,33)

Gokd nuggets, aho called nativs

. I which sample (A or 1) docs the water have its own
shage "

| regw e
parichcs I war sample A7

o Wi 1orlor e of
particies in waer sample 1Y

-3

gokd, can be found in twams and

5. How many significant Bperes o |s the sxsarcmcatof e >

weeight of the mogget™

. Which s the muss of the sugpet in kilograms?
€. If e mugget were pure pald, what would i volame be in

eubic comimeienT

. What is the aching point of gokd is de prres Fabweabel snd

keltvina?

v How many Milocakoric s mre mquised 10 1 e kemoperates 1

oithe sogetfom  © 1

g EE )
% aens
2 3

£, If e price of goid is $45.9% per gram, what s the muggey Amswer e following for diagrams 1. 2 and 3 (1.2, 13)

warth in doblany™
CL2 The milcage for & motorcycle
with  fuct-task capacity of
2L 3 mipal (25,28,
27,34)
. How loag a wip, in kilo-
meters, can be made on
e fiafl tank of gascline?
. I e price of gamlise
15 352 per gallon, what
wasld be the cost of fuel
for the wip?

d. The sate of manicr indicaed | diagram | is 3 in
dingenm 2.0 is 8 1and s Sagram 3, it iva,
«. The metion of the panticles s dowest is dagnm
£ The amangemest of particles is
Farthest apart is daagram
¢ The panicies fill the vohuime of
the costainer in diagram,
B 1f the water s diagram 2 b a
mass of 19 g snd & termperstus of
now mmch heat, in kilojoules,
s emoved 1e cool the baud 1o

68

Why Interleave vs. Block?

Interleave
Block

a;b,cyb,ca,cybza,

a;a,azb;b,bscc,cq

Interleaved practice requires the brain to bring the appropriate
knowledge into working memory each time ABCBCACBA (9)
Block practice only requires this process the first time

AAABBBCCC (3).

69

14



Clinical
Themes
Begin
each
Chapter

Interleaving
Within the Chapter

22 Chemistry in Our Lives

was prasant on his body, and some bullet casings wers
found on tha grass. Inside tha vicum's homa, 2 waapon was

911 from 2 manwho buﬂ

his wifa lying on tha foor of
thair homa. When tha polica,
amvad they dasemis

. Tha

recovared. Tha bullat casings and the weapon were bagged
and sam to the foransic labaramay .
Sarah and Mark, forensic sciendses, use sceniffic

hushand s3id he had workad
kata, and juse armvad home.
& *' Thevicamis body was lying
cn the foor of the Ming
Evidence fram » cime scane  mom. Thars was no bicod 3t
::"""'""""“ the scena but the polics did
’ find 3 glass on the sids bl
hat comained 3 small amount of bquid. In an adjacant
sundry roamY garage, te palics found 3 halempy bocls
of amirfreare. The bomnls, glass, and liguid wars bagged
ind sam to he Wﬁclabnmor, hanaoher 911 call a3
Da ha grass oumide his homa. Bload

CAREER Ophn:n

7 crima Iaborstories that are pan of diy or county legal

vd charmical 1asms 10 @aming the avidance
from luw enforceman agencies. Sarsh proceads 1o analzs
bload, siomach comanes, and tha unknown Iquid from
tha firsz victin's homa. Sha will lock for the prasenca of
druga, poiscra, and akohol. Her reliable and hard working
Iab parnoe Markwill analyza tha Aingerpris found on

tha glass &1 tha frst cime scane. Howill dlso mach the
charscranisdcs of the bullan casings T the weapan that was
found at tha sacond cime scana. Then hewill slso march
tha charactedsiics of the bullse casings t the waspon that
was found 3t tha second crime scana. Hewill siso march the
characranstcs of tha bullen casings

tensic Evidence Helps Solve the Murder

lehlil they anakyze bodily fluds and tisus samples colleczed by crima scans.
mvssigatan. In analyzng thase samples, foransic semins idendfy the prasance
3 sheanca of specfic chamicals within tha bedy © help solva tha criminal casa.
some of tha chemicals they ook for Induds akohol, ilegal or prescriprion drugs,
satscns, ason dabris, manals, and vanous gasas such ascarbon menawds. In order
0 kdanoly thasa subsiances, 3 vanay of chamical nmrumants and highly spectfic

70

Interleaving

Clinical Themes Within the Chapter

The quantmve wess
rdicam hat hg vicom
Pad ingasted 125 g of ath.
YIere giyool. Sarah CemnTIngs
ot the quid in 3 glass found a1the crime scene was say b
ane Qoo That had Deen 08 1 an 0o IC D erage.
Ecryene giycol B 3 CHIT IESLTRITING, TiCK Iquid Thatis
‘oderias and mixes whh water, It i §2%y 10 obiain since Tk
used & amifeess N aummobiles and in braks fuld. Becauie
e sympearns of achyiena giycol potsaning are smikr te In-
TeRicaTon, ha vicim i ofien unaware of ns presence.

1 Ingeaion of eylena giycol acours, it Can cans depres-
3ion of he comral NENOUS System, Cardiovascular damags,

CLINICAL UPDATE

Rgrensic Evidence Solves the

T Daney felue. If dsceversd quickly, hemodialyss may be
uSad t8 FmEVS sy Bna giycod from tha Dised. A ol
amoun of sthylera giyool 15 1.5 g of arylens giycokg of
body mass. Thus, 75 g could be faral for 2 S0-kg (110 1b) pex
1on Mark decermings that fingemrms on he glass comaining
% aTylens giycol wers hass of the vicunTs nusoand. This
widance abng with the continer of amifreszs found Inhe

B rRagnd corv cuen of he nusband for pok

Mp
mmﬂpurﬂgﬂ”ﬂ! EXpe s your sarwer i
e coes place.
132 1T the toic quundiy is 1.5 g ofethylene ghyea per 1000
of body mass, wht peweniage of edylers glyool is fual?

71
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Interleaving
Throughout textbook

* Re-introduce topics during the semester

1.6 How Matter Changes 36

Physical Chan~ =&
5.3 Overview of Chemical Reactions 191

W pres Of Chemical Reactions 191'
Reversibie and Imeversible Reactions 192

Combustion 193

atkanes 8.3 [ Chemical Equations]for Solution Formation 316

Distinguts strong Electrolytes 316
Nonelectrolytes 317
Weak Electrolytes 317 9.2 Strong Acids and Bases 349
S E Naming Acids 349

Neutralization 350
S0 PROB

SOLVING A PI

ROBLEM

NG A F
ns 318

* Develop homework sets for your text that
brings in material from previous chapters

Interleaving

Chapter Readiness
Skills Needed from Previous Chapters

CHAPTER READINESS*

E KEY MATH SKILLS @ CORE CHEMISTRY SKILLS

* Using Positive and Negative Numbers * Counting Significant Figures (2.2)
in Caleulations (1.4B) Using Significant Figures in
Solving Equations (1.4D) Calculations (2.3)

Writing Conversion Factors from

Interpreting Graphs (1.4E)
Writing Numbers in Scientific Notation Equalities (2.5)

(1.4F) Using Conversion Factors (2.6)
Rounding Off (2.3)

*Thesa Key Math Skills and Core Chemistry Skills from previous chapters are listed here for your
review as you proceed to the new material in this chapter

73
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How can we help our readers?

Build a Structure

Generate Understanding

Offer Opportunities for Retrieval Practice
Mix, Don’t Block

Successful Learning

| actually got a B+ on
the last exam. Looks

This is beginning to
making sense now.

17
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