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Purpose of Tests / Quizzes

• Traditionally, an assessment tool

• But testing does not merely measure the contents of 
memory

• Taking a test can serve as a learning opportunity, 
enhancing memory retention to a greater extent 
than additional studying…

the testing effect
(also referred to as the benefit of retrieval practice)

The Testing Effect
• Demonstrated with diverse study stimuli:

– Word lists
– Paired associates
– General knowledge facts
– Prose passages
– Visuo‐spatial info

Psychological Monographs, 11, 159–177. (1909)

Spitzer (1939)

• 3,605 sixth‐graders in Iowa

• Students read ~600‐word article on the bamboo 
plant

• 25‐item multiple‐choice test (no feedback)

• Varied the retention interval and frequency of testing
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Spitzer (1939)
Time After Studying (Days)

Group 0 1 7 14 21 28 63

1 T1 T2 T3

2 T1 T2 T3

3 T1 T2

4 T1 T2

5 T1 T2

6 T1 T2

7 T1

8 T1
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Spitzer (1939)
Time After Studying (Days)

Group 0 1 7 14 21 28 63

1 13.2

2 13.2

3 9.6

4 7.9

5 7.0

6 6.5

7 6.8

8 6.4
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Spitzer (1939)
Time After Studying (Days)

Group 0 1 7 14 21 28 63

1 13.2 13.1 12.2

2 13.2 11.8 10.7

3 9.6 8.9

4 7.9 8.2

5 7.0 7.1

6 6.5 7.1

7 6.8

8 6.4
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“A curious peculiarity of our memory is that things are impressed better by 
active than by passive repetition. I mean that in learning (by heart, for 
example), when we almost know the piece, it pays better to wait and 
recollect by an effort from within, than to look at the book again. If we recover 
the words in the former way, we shall probably know them the next time 
round; if in the latter way, we shall very likely need the book once more.”

(William James, 1890, Principles of Psychology)

“If you read a piece of text through twenty times, you will not learn it by heart 
so easily as if you read it ten times while attempting to recite from time to 
time and consulting the text when your memory fails.”

(Sir Francis Bacon, 1620, Novum organum)

“Exercise in repeatedly recalling a thing strengthens the memory.”
(Aristotle, 4th century B.C., De Memoria et Reminiscentia)



The Testing Effect
• Journal of Educational Psychology, 1989:

• Dempster, F. N. (1992). Using tests to promote learning: A 
neglected classroom resource. Journal of Research & 
Development in Education, 25, 213–217.

• Resurgence of interest in the testing effect in recent years
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Roediger & Karpicke (2006)

• Stimuli: 2 prose passages from TOEFL prep book 
(~260 words each)

• Learning condition (within‐subjects): 

– Restudy (two 7‐min periods of study) vs. Test (7‐min period 
of study, followed by 7‐min period of test)

• Retention interval (between‐subjects):

– 5 min, 2 days, or 1 week
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• Past research has focused exclusively on verbal 
materials (or at least required verbal responses at 
test)

Does testing benefit memory for non‐verbal 
materials?

Carpenter & Pashler (2007) 14
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Roediger & Karpicke (2008)
• Stimuli: 40 Swahili‐English word pairs

• Subjects studied and were tested on the Swahili 
words in alternating blocks
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d = 4.03
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Testing effect: How does it work?

1. Additional (focused) presentation of material

2. Operations/processes engaged by an initial test are 
also engaged during the final test, resulting in 
positive transfer to same type of tests (i.e., practice 
effect)

3. Retrieval itself is a potent memory modifier, with 
increasing retrieval demand/effort enhancing later 
retention 
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Does test format matter?
Initial test type -- Short Answer (SA), Multiple Choice (MC), Read Fact
Final (criterial) test -- SA, MC
(Corrective feedback given after each initial test question)

COMPETING PREDICTIONS:        1)  Repeated exposure

MC SA

Initial MC
Initial SA

Final test

2) Transfer appropriate processing 3) Retrieval “effort”

MC SA

Initial MC
Initial SA

Final test 21

Procedure

Short answer
Multiple choice

Read answer
Control/filler

Within-Subjects,
after each article
8 items/condition

INTERVENING
EXPERIENCE FINAL TEST

Mult. choice (16): 4 from each of the 4 prior 
conditions

Short answer (16): 4 from each of the 4 
prior conditions

3 days

Read 4 
Current 
Directions 
articles

~15 min
each

N=48

ENCODING

(Kang, McDermott, & Roediger, 2007)

Feedback provided after 
each test question
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Testing enhanced later memory, and the enhancement was 
greater when the initial test format was short answer

None
Read statements
MC

SA
INITIAL 
TEST

.69 .83 .87 .94

.27 .46 .53 .57

FINAL MC FINAL SA 31

COMPETING PREDICTIONS:

Transfer appropriate processing

MC SA

Initial MC
Initial SA

MC SA

Initial MC
Initial SA

Retrieval “effort”

Final Test Final Test
32



Does feedback matter?

Short answer
Multiple choice

Read answer
Control/filler

Within-Subjects,
after each article
8 items/condition

INTERVENING
EXPERIENCE FINAL TEST

Mult. choice (16): 4 from each of the 4 prior 
conditions

Short answer (16): 4 from each of the 4 
prior conditions

3 days

Read 4 
Current 
Directions 
articles

~15 min
each

N=48

ENCODING

(Kang, McDermott, & Roediger, 2007)

Feedback provided after 
each test question
Feedback provided after 
each test question
Feedback provided after 
each test question
Feedback provided after 
each test question
Feedback provided after 
each test question
Feedback provided after 
each test question
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Does feedback matter?
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None
Read statements
MC

SA
INITIAL 
TEST

FINAL MC FINAL SA

.74 .88 .87 .80

.33 .51 .62 .48

Corrective feedback important, especially when initial test 
performance is not high

34

Research question:
When learning to speak a foreign language, should you 
practise by retrieving from memory or by imitating 
what you hear?
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Hal Pashler
UCSD 
Psychology

Tamar Gollan
UCSD 
Psychiatry

Don’t just repeat after me…

(Kang, Gollan, & Pashler, 2013)

Foreign Language (L2) Instruction

Informal survey of popular L2 instruction programmes revealed 
that imitation is a common pedagogical technique.

• E.g., Berlitz Guaranteed, The Pimsleur Method, Linguaphone, 
Rosetta Stone

• Immediately after hearing an L2 word/phrase spoken by a native 
speaker, the learner repeats it aloud.

36

But is imitation an effective method?



• Benefits of retrieval practice are well established:

– Learning L1 translations of L2 words (e.g., Karpicke & Roediger, 2008)

– Learning L2 orthography (Kang, 2010)

• Would the advantage of retrieval practice extend to the 
learning of spoken vocabulary? (especially when compared 
against an active learning condition, i.e., imitation)

Retrieval Practice (aka the Testing Effect)
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Kang, Gollan, and Pashler (2013)
Stimuli: 10 Hebrew nouns each from 4 categories

– Body parts (e.g., ear, hand)
– Eating/food (e.g., fork, bread)
– Animals (e.g., dog, elephant)
– Household objects (e.g., clock, chair)

Design: 
– Items were blocked by category, and each category was trained in separate 

blocks.

– 2 training conditions (Retrieval Practice vs. Imitation), manipulated within‐Ss.

– In each block, there were 3 cycles of training in the assigned condition.

– Final test (immediately after training on all 4 categories) assessed 
comprehension and production.
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Procedure
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Results – Training Performance

Production during final (3rd) cycle of practice

Pronunciation quality when correct (rated on 10‐pt. scale)
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Proportion Correct

Retrieval Practice .35

Imitation .90

<

d = 3.27

Pronunciation 
Quality

Retrieval Practice 5.7

Imitation 6.5

< d = 0.58



Results (N = 41) – Final Test

Comprehension (accessing semantics when presented with 
phonology)

Subject heard soundclip of Hebrew word, and asked to select the 
meaning (array of 40 thumbnail pictures displayed on the screen—
new exemplars of the previously presented objects).
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Proportion Correct

Retrieval Practice .63

Imitation .57

>

d = 0.31

Results (N = 41) – Final Test

Production (retrieving phonology when given semantics)

Subject presented with picture of object and asked to pronounce 
aloud the Hebrew word.

Pronunciation quality when correct (rated on 10‐pt. scale)
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Proportion Correct

Retrieval Practice .40

Imitation .27

>

d = 0.62

Pronunciation 
Quality

Retrieval Practice 5.6

Imitation 5.4

Conclusion
When learning to speak a foreign language, should you 
practise by retrieving from memory or by imitating what 
you hear?

46

(Kang, Gollan, & Pashler, 2013)

The pattern of results was replicated in a 2nd experiment which 
featured more training (6 cycles) and a 1‐week delay before the 
final test was administered.
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Any negative side effects of testing?
Multiple-choice and True/False tests expose students 
to wrong (plausible) answers.
Remmers and Remmers (1926) first raised the 
possibility that lures on a T/F test would cause a 
“negative suggestion effect”:

“it is obvious that the opportunity for forming wrong 
connections exists in approximately 50 percent of the test 
items… do true-false tests tend to leave a residue of false 
associations?”

Exposure to false statements on T/F and MC tests 
increased subjects validity ratings of these statements 
1 week later (Toppino & Brochin, 1989; Toppino & Luipersbeck, 1993).
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Experiment procedure:
1. Read/study material
2. Take MC test (answer every question, even if not sure)
3. Filler task (i.e., brainteaser puzzles)
4. Take cued-recall test (warned not to guess when unsure)
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Butler & Roediger (2008) showed that providing feedback after the MC 
test eliminated this negative effect of lures intruding on a later cued-
recall test.

Summary
• Taking a test can be a potent learning event, often yielding 

better long‐term retention than additional studying. 

• Testing benefits learning of a diverse range of materials, 
both verbal and nonverbal.

• Repeated retrieval practice augments the benefit.

• The size of the testing effect is modulated by test format & 
feedback

– Tests requiring effortful retrieval are more effective at enhancing 
retention, implicating retrieval as a causal mechanism

– To maximize the benefit of testing, feedback should be provided 
when initial test performance is low
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Summary (cont’d)

• Lures on T/F and MC tests can lead to students learning 
wrong information

– Corrective feedback reduces this negative side effect
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Summary
• Other (indirect) benefits of testing:

– Helps identify gaps in knowledge

– Provides feedback to instructors

– Encourages students to study



The Spacing Effect

• Reviews are more effective when distributed or spaced out, 
rather than massed (with total time equated)

• One of the most robust phenomena; observed with diverse 
range of materials / types of learning

• Ebbinghaus (1885):

“…with any considerable number of repetitions a suitable distribution of 
them over a space of time is decidedly more advantageous than the 
massing of them at a single time.”

57
(Pyle, 1913)
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Rate of learning a typing skill for a range of training schedules: 
1 × 1 equals one session of 1 hour per day, 2 × 1 equals two such 
sessions, 1 × 2 is one session of 2 hours and 2 × 2 two 2-hour 
sessions. 

(Baddeley & Longman, 1978)

“…You now see why ‘cramming’ must be so poor a mode of 
study. Cramming seeks to stamp things in by intense application 
immediately before the ordeal. But a thing thus learned can 
form but few associations. On the other hand, the same thing 
recurring on different days, in different contexts, read, recited 
on, referred to again and again, related to other things and 
reviewed, gets well wrought into the mental structure. This is 
the reason why you should enforce on your pupils habits of 
continuous application.”

‐William James, 1899, Talks to Teachers on Psychology: And 
to Students on Some of Life’s Ideals



The Spacing Effect

Basic structure of an experiment examining the effect of 
spacing:

Initial 
Study

Review of 
the same 
material

Final 
Test

Review of 
the same 
material

Initial 
Study

Final 
Test

time

Inter-Study 
Interval (ISI)

Retention Interval 
(RI)

4 weeks1 week

Can be retrieval 
practice

Spacing effect: Spaced > Massed

Lag effect: Comparison of different levels of spacing
Cepeda et al. (2006)

<

“The spacing effect would seem to have considerable potential for 
improving classroom learning, yet there is no evidence of 
widespread application…

Even experienced educators, when judging the instructional 
effectiveness of text passages, tend to rate prose in which the 
repetition of a given unit of information is massed as better than 
those in which it is spaced…

In short, the spacing effect is neither intuitively obvious, nor well 
known among educators.”

Theoretical accounts

• Deficient processing 
theory
– At short ISI, processing 

of 2nd presentation is 
deficient; less attention 
paid to an item that is 
relatively more familiar

• Encoding variability theory
– Item and its context stored at encoding;
– Context is assumed to undergo random 

drift;
– Average distance between any prior 

context and the current context will 
increase with passing of time;

– Likelihood of successful retrieval 
depends on the distance between 
context at test and context at encoding;

– As ISI increases, increased probability 
that test context will be similar to at least 
one of the study/encoding contexts

Context 1 Context 2

Spaced 
presentation

Massed 
presentation



Theoretical accounts

• Study‐phase retrieval theory
– A restudy/review opportunity is more efficacious when the 2nd (or 

subsequent) encounter with an item reminds the learner of the previous 
encounter

– i.e., an automatic study‐phase retrieval

– The benefit is greater the more effortful the study‐phase retrieval is, which 
explains the advantage of spacing

Applications of Testing & Spacing in 
Tutoring Software

• Supermemo 
www.supermemo.com

• Spaced Ed
www.spaceded.com
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