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CHAPTER I

INTRODUCTION

The benefits of testing go beyond those of assessment. After exposure to the to-be-
learned material, additional testing improves performance on later retention tests compared to
restudying the material, even when tests are administered without corrective feedback (Roediger
& Karpicke, 2006a). This phenomenon is called the festing effect (Roediger & Karpicke, 2006b).
The testing effect has been observed with many different types of materials that include word-
lists pairs (Karpicke & Roediger, 2008), prose passages (Kang, McDermott, & Roediger, 2007,
Roediger & Karpicke, 2006a), textbook chapters (McDermott, Agarwal, D’ Antonio, Roediger, &
McDaniel, 2014; Roediger, Agarwal, McDaniel, & McDermott, 2011) and video lectures (Butler
& Roediger, 2007) with support for the testing effect being demonstrated in both the laboratory
and classroom settings (McDermott, Agarwal, D’ Antonio, Roediger, & McDaniel, 2014;
Roediger, Agarwal, McDaniel, & McDermott, 2011).

To further illustrate the testing effect, Roediger and Karpicke (2006a) compared final test
recall of three conditions: a reread-only condition (SSSS), a reread and single-test condition
(SSST), and an initial reading followed by repeated testing (STTT). Participants initially read a
brief prose passage. Each condition had four trials that were either study (S) or a test (T) trials.
On practice tests, participants were instructed to summarize the passage. No corrective feedback
was provided. Final test delay (i.e., five minutes or one week) was manipulated across subjects.
Although rereading benefited recall on an immediate final test, testing benefited recall on a
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delayed final test. Participants who engaged in a single testing event following three rereading
events (i.e. SSST) had comparable recall after one week compared to participants in the repeated
testing condition (i.e. STTT), with participants in the read-only condition (i.e. SSSS) performing
far worse on a delayed final test. These results indicate that: (a) rereading was beneficial when
the criterion test immediately followed initial study, (b) testing was beneficial when the criterion
test was delayed, and (c) a single test can attenuate forgetting associated with rereading the
material three or four times.

Both indirect effects and direct effects hypotheses of the testing effect have been
proposed. Proponents of indirect effects argue that testing influences the way a person studies—
whether because the person knows they will be tested (e.g. Fitch, Drucker, & Norton, 1951) or
because feedback after testing might orient the person to the subset of the material not yet
learned (Roediger & Karpicke, 2006b)—and therefore retrieval is not the underlying cause of the
testing effect (Roediger & Karpicke, 2006a). However, the typical finding is that testing
outperforms rereading even when testing is not followed by corrective feedback or by an
opportunity to review the material (Roediger & Karpicke, 2006b).

Explanations of direct effects emphasize the role of retrieval in the testing effect, such as
Bjork and Bjork’s (1992) theory of disuse. The theory of disuse emphasizes that the testing effect
derives from the difficulty of retrieval compared to the ease of rereading. Memories are
postulated as having various levels of storage and retrieval strength. Storage strength emphasizes
the durability of a memory whereas retrieval strength emphasizes the ease of retrieval. The
theory of disuse asserts that successful retrieval of an item, compared to rereading it, will result
in larger increments in both storage and retrieval strength—more effortful processing results in

better memory performance. For instance, larger testing effects were found when increasing the
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delay between initial study and practice tests (Karpicke & Roediger, 2007), when initial tests
require recall instead of recognition (McDaniel, Roediger, McDermott, 2007), and when initial
tests incorporate diminished cue support (Kang, McDermott, Roediger, 2007).

The present study investigated the role of retrieval difficulty in three experiments using a
modified paradigm. In Experiment One, participants either reread prose passages or completed
practice recall tests. On practice tests, items contained cue information in the question stem that
was semantically related to the target and had been previously linked to the target during the
initial reading, denoted as semantic associates (SA). An example of a SA and the related target is
shown in Table 1. On the 48-hour delayed final recall test, participants were asked to retrieve
both the SA and the target when given the same question stem with a blank replaced the SA on

practice tests.

Table 1

Example practice test and final test items from Passage One

Test Form Test Item
Set A: Practice Test  Birds that eat the coffee berry borer beetle include the
Yellow Warbler and the
(SA) (TARGET: Rainbow Wren)

Set B: Practice Test ~ Birds that eat the coffee berry borer beetle include the
Rainbow Wren and the

(SA) (TARGET: Yellow Warbler)
Final Test Birds that eat the coffee berry borer beetle include the
and the

Note. Participants did not encounter “(SA)” and “(TARGET) on the practice test forms

According to the theory of disuse, recall for information reread on practice tests (i.e.,
SAs) should not differ from the SAs reread in prose passages because both learning events
involve (easy) rereading. Thus, the theory of disuse predicts final test recall of SAs will be

equivalent in the practice test and re-reading conditions in Experiment One.
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Experiment Two contained the same conditions as Experiment One along with an
additional testing condition. Instead of rereading SAs on practice tests, participants were asked to
recall both SAs and targets (i.e., practice tests were identical to the final test). If rereading SAs
on practice tests facilitates recall of practice tests targets, then recall of practice test and final test
targets will be superior compared to when the SAs are not reread on the practice test (i.e.,
participants are asked to recall both the SA and the target).

Finally, after observing novel results that showed benefits of recall for information reread
on practice tests (i.e., SAs) compared to information reread in prose passages—the test question
effect — Experiment Three investigated the benefit of recall for SAs that were not included in the
initial prose passage (i.e., SAs and targets were not explicitly associated in the initial reading)
and were only encountered on practice tests. Performance was compared to a test-question

condition mirroring Experiment One.



CHAPTER II

EXPERIMENT ONE

Methods
Participants

Data were obtained from 109 participants enrolled in an introductory psychology course
at Mississippi State University. These participants successfully completed both sessions and had
experimenter notes that indicated they were on-task during both sessions. Participants were
randomly assigned to the rereading condition (n = 45) and the testing condition (n = 64). Each

session was run with a maximum of four participants.

Materials

Three prose passages that were originally published in scientific venues were modified
for the purpose of this experiment. “Birds Protect Coffee Crop” (Passage One) and “Stem Cells
Mimic Human Brain” (Filler Passage) were adapted from Nature. “Cause for the Pause in Global
Warming” (Passage Two) was adapted from Scientific American. Passages One and Two
consisted of approximately 800 words. The filler passage consisted of approximately 500 words.
Passages One and Two were modified to allow for the testing of two semantically related items
within a single test question. The filler passage was not tested. Practice tests for Passages One
and Two contained 13 fill-in-the-blank recall questions. Examples of practice test and final test
experimental and filler items can be found in Table 1. All Experiment One stimuli can be found

in Appendix B.



Passage One contained seven experimental and six filler items. Passage Two contained
eight experimental and five filler items. Practice tests contained SAs (e.g., Yellow Warbler) that
were related to the targets (e.g. Rainbow Wren). Items that served as SAs and targets were
counterbalanced across testing conditions, identified as Set A and Set B. Filler items did not have
SAs. Final tests in all conditions were identical. Final and practice tests were identical with one

exception: on final tests, a fill-in-the-blank was substituted for the SAs.

Procedures

First Session

Each participant was seated in a cubicle that blocked his or her view of other participants.
Participants were instructed to read each passage at a normal pace and to continue reading until
prompted to stop. At that time, each participant was required to indicate how many times the
passage was read and to circle the last word read. These two tasks were included to increase
participants’ motivation to continue reading during the allotted time, equating for exposure
across conditions. Participants were informed about how long they would be allowed to read or

take a test.

Test Question Condition. Each participant was given six minutes to read Passage One
and then five minutes to complete the Passage One practice test. The same procedure was
followed for Passage Two. After the Passage Two practice test, participants were given six
minutes to read the filler passage. Participants then repeated the practice tests in the same order

with the same time limits.

Rereading Condition. The same procedures of the test-question condition were used

except that participants reread passages instead of taking practice tests.
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Second Session
Forty-eight hours later participants returned and completed the final tests for Passage One
and Passage Two in the order the passages were initially read. Participants were given eight

minutes to complete the final tests. Phase one and two procedures are detailed in Table 2.

Table 2

Phase one and phase two procedures in the test-question and rereading conditions

Test-Question Condition Time Interval Reread Condition
Phase One Phase One
Read Passage One 6 minutes Read Passage One
Test Passage One 5 minutes Reread Passage One
Read Passage Two 6 minutes Read Passage Two
Test Passage Two 5 minutes Reread Passage Two
Read Filler Passage 6 minutes Read Filler Passage
Test Passage One 5 minutes Reread Passage One
Test Passage Two 5 minutes Reread Passage Two
Phase Two (48 hours later) Phase Two (48 hours later)
Final Test Passage One 8 minutes Final Test Passage One
Final Test Passage Two 8 minutes Final Test Passage Two
Results

Scoring Items

Items were scored using two methods, strict and lenient. Strict scoring required a
verbatim response from the passage. Lenient scoring required a response similar to the verbatim
response that captured the gist of the target information (e.g. “volcanic activity” would be
considered correct when the verbatim response was “volcanic eruptions”). A comparison of the
two scoring types showed the same effects of condition and interaction of story and condition.
Thus, only data scored using lenient scoring will be reported. Appendix A contains the results of

the strict scoring ANOVA.



Final Test Recall Performance

A 2 Story (Passage One, Passage Two) x 2 Stimulus-Set (Set A, Set B) x 3 Condition
(Semantic Associate, Target, Reread) between-groups ANOVA was performed to determine if
final test recall differed among conditions. Stimulus-set was included in the analysis to address
expected differences in memorability between items.

Theories of retrieval difficulty predict final recall performance will benefit more from
intervening tests than from rereading. As such, one would expect to see final test recall to be
better for target items in the test-question condition than the same items in the rereading
condition. Because SAs are merely re-read on practice tests, targets recalled in the test-question
condition should be recalled at a higher frequency than SAs. Further, theories of retrieval
difficulty predict that recall of SAs will be equivalent to information reread in prose passages.
The ANOVA showed a significant effect of stimulus-set, F(1,424) = 36.72, p <.001, n, 2 = .08.
Set A items (M = .34; SE = .02) had poorer recall than Set B items (M = .48; SE = .02), #(216) =
4.11, p <.001. There was a significant effect of condition, F(2,424) = 37.35, p <.001,np > = .15.
Recall for SAs (M = .48; SE = .02) and targets (M = .47; SE = .02) did not differ, #126) = .10, p

= .322. Targets were recalled more frequently than items in the rereading condition (M = .28; SE

.02), ((152) =4.3, p <.001. SAs were recalled more frequently than items in the rereading
condition, #(152) = 3.1, p = .003. Additionally, there was a significant interaction between story

and condition, F(2,424) =4.67,p= .01, np 2= .02, as shown in Figure 1.
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Figure 1. Mean final test recall per condition and story.

In summary, SAs encountered on practice tests were recalled more frequently than the
same information reread in prose passages. This finding contradicts predictions made by
accounts of retrieval difficulty. Additionally, recall of SAs and targets did not differ.

Note that final recall for targets included items that were not successfully recalled during
practice and those that were recalled. No testing effect benefit is presumed to accrue for items
that were not successfully recalled during practice (Bjork & Bjork, 1992). Conditionalizing final

test recall based on successful practice test performance provides a better comparison of the

testing effect and test question effect.



Conditionalized Final Test Recall Performance

Conditional recall probabilities were obtained for Set A and Set B targets in both
passages. The probability of successful retrieval on the final test given a successful retrieval on at
least one practice test question (F'P") was determined. The probability of a successful retrieval
attempt on the final test given an unsuccessful retrieval on the practice test (F'P") provides an
estimate of hypermnesia. Group differences in conditional final test recall performance were
analyzed with a 2 Story (Passage One, Passage Two) x 2 Stimulus-Set (Set A, Set B) x 4
Condition (Semantic Associate, Reread, F'P*, F'P") between-groups ANOVA. A significant
main effect of stimulus-set was observed, F(1, 548) =25.71, p <.001, np > = .045, with Set A
items (M = .36; SE = .01) having significantly poorer recall performance than Set B items (M =
45; SE = .01). A significant main effect of condition was observed, F(3, 548) = 322.03, p <.001,
Mp 2 = .638, as shown in Figure 2. Additionally, a significant interaction between story and
condition was observed, F(3, 548) = 4.40, p = .004, n, > = .024, as shown in Figure 3. Pairwise
comparisons were performed to determine final test recall differences among the conditions. All
conditions were significantly different from one another, p <.001, with F'P* showing the highest
recall performance, followed by SAs, then reread information in the rereading condition, and

with F'P~ items showing the poorest recall.

10



1.00-

—=
— 0807 1
o
o
@
13
=
3 060
2 o
"
£ I
ic —
5
o 040
=
N
[——
0.20
0.00 T [

1 1 1
Semantic Reread F+P+ F+P-

Associate
Condition
Error Bars: +- 1 SE
Figure 2. Conditionalized recall per condition
Conditian
1.00 Semantic
Associates
Reread
F+P+
_ D0 I T F+P-
"
(2]
L1}
v
w
o 060
[
o
=
£
H
S 040+
=
0.20
0.00=
Passage Cne Passage Twa
Story
Error Bars: +-1 SE
Figure 3. Conditionalized recall per story and condition

11



After conditionalizing recall of practice test targets, successful retrieval led to superior
recall compared to rereading a SA on the practice test, which is consistent with theories of
retrieval difficulty. Thus, the test question effect primarilarly pertains to the retrieval benefit of

reading SAs on practice tests compared to rereading prose passages.

Selection Effects

To determine if retrieval benefited all items—not just those that are easily retrieved—
final recall for practice test targets was compared to the same items in the rereading condition
(Fig. 4). If rereading or testing differentially benefited items of various difficulty, we would

expect to see a non-linear trend.
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Figure 4. Mean final test recall of practiced targets and reread information
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Results indicate that testing provided a consistent advantage over rereading. Testing
benefited all items relatively equally compared to rereading, as evidenced by an intercept of

0.18, a slope of almost one (i.e., 0.99), and a clear linear trend with an R? of 0.71.

Discussion

Theories of retrieval difficulty predict final test recall of targets would be superior to
recall of both SAs and information reread in prose passages. Though recall of SAs did not differ
from all targets, conditional analyses supported theories of retrieval difficulty with F"P* showing
superior recall to SAs. Theories of retrieval difficulty also predict that recall of SAs would be
equivalent to information reread in prose passages. However, this prediction was not supported.
Herein lies the critical finding: recall for SAs reread on practice tests was superior to that same
information reread in prose passages. This effect is not predicted by theories of retrieval

difficulty.
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CHAPTER III

EXPERIMENT TWO

In Experiment One, participants recalled only slightly better than 50% of the items in the
condition with the best performance (see Figure 1). In Experiment Two, the challenge of
improving and equating the recall of complex ideas was addressed by improving the readability
of the passages: some items were replaced and the general content was revised for clarity. This
revision increased each passage’s word count. Thus, participants were given additional time to
complete the initial reading of a passage.

Additionally, the previous experiment lacked the ability to determine if the presence of
SAs increases the likelihood of retrieving associated targets on practice tests. That is, in
Experiment One, the presence of SAs on practice tests may have served as an additional cue that
facilitated recall of the associated target. To investigate this, a two-target condition was added. In
the two-target condition, the SA was not provided on the practice test—participants were
required to recall both Set A and Set B items on practice test questions (i.e., the practice and final

tests were identical).

Methods
Participants

Data were obtained from 128 participants who successfully completed both sessions and
had experimenter notes that indicated they were on-task during each session. Experimenters

indicated three participants were not on task—two participants checked their cell phones and one
14



participant fell asleep during his or her session. Participants were randomly assigned to three
conditions: test-question condition (n = 59), two-targets testing condition (n = 30), and rereading
condition (7 = 39). In the test-question condition, SAs and targets were again counterbalanced

across participants. A maximum of five participants participated per session.

Materials

The two experimental passages used in Experiment One were modified for memorability
and lengthened to approximately 1,300 words. In the two-targets condition, the practice test was
the same as the final test. Final tests were identical across all conditions. All other materials used

in Experiment One were replicated.

Procedures

The same procedures in Experiment One were replicated with one exception, participants
were given eight minutes instead of six minutes to perform the initial reading. This ensured

participants had ample time to complete the first initial reading of each passage.

Results
Final Test Recall Performance

Given that scoring type did not impact the overall results in Experiment One (See
Appendix A), data were analyzed using lenient scoring. A 2 Story (Passage One, Passage Two) x
2 Stimulus-Set (Set A, Set B) x 4 Condition (Semantic Associate, Target, Two-Targets, Reread)
between-groups ANOV A was performed to determine if final test recall differed among
conditions. A main effect of story was observed, F(1, 496) = 70.66, p < .001, n, 2 = .125 with
recall being superior in Passage One (M = 56; SE = .02) compared to Passage Two (M = .38; SE

=.02). A main effect of condition was observed, F(1, 496) = 36.30, p <.001, 1, 2 = .18. Final

15



test recall did not differ for SAs and targets, #234) = 1.525, p = .129. Recall of both SAs and
targets was superior to recall in the two-targets condition, #236) =5.176, p <.001, #(236) =
3.344, p = .001, respectively. Recall of both SAs and targets in the test-question condition was
superior to recall in the rereading condition, #(272) = 8.543, p <.001, #(272) = 6.656, p < .001,
respectively. Recall after rereading was poorer compared to the two-targets condition, t(274) =

3.494, p = .001. Recall per condition can be observed in Figure 5.
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Figure 5. Mean final test recall per condition

Additionally, there was an interaction of story and stimulus-set, F(3, 496) = 5.76, p =

.017,mp 2 =.011 (Fig. 6) and an interaction of stimulus-set and condition, F(3, 496) = 4.08, p =
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.007, p 2 = .024 (Fig. 7). The three-way interaction of stimulus-set, story, and condition was not

significant, (3, 496) = .12, p = .951. None of these interactions impact the interpretation of the

differences observed among conditions.
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Figure 6. Mean final test recall per stimulus set and condition
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These results replicated those of Experiment One. Additionally, the test-question
condition produced superior recall compared to the two-targets condition. This later finding
demonstrates that the presence of SAs on practice tests led to superior recall of targets on the
final test, suggesting this information was serving as an effective component of the retrieval cue

for targets on practice tests.

Practice Test Recall Performance

As in Experiment 1, we assume benefit in memory performance will only accrue if a
target is successfully recalled during practice. If SAs are serving as an effective cue, we should
also see superior practice test recall of targets compared to the two-targets condition. To evaluate
this, a 2 Story (Passage One, Passage Two) x 2 Stimulus-Set (Set A, Set B) x 2 Condition (Test-

Question, Two-Targets) between-groups ANOV A was performed on practice test recall. A main

18



effect of story was observed, F(1, 230) =42.60, p < .001, 1, 2 = .156, with recall being superior
in Passage One (M = .61; SE = .02) compared to Passage Two (M = .42; SE = .02). A main effect
of stimulus-set was observed, F(1, 230) = 5.80, p = .017, 1, > = .025, with recall for items in Set
A (M =.55; SE = .02) being superior to that of Set B (M = .48; SE = .02). A main effect of
condition was observed, F(1, 230) =22.75, p <.001, 1, > = .09, with fewer targets in the two-
targets condition (M = .44; SE = .02) being recalled than targets in the test-question condition (M
=.58; SE =.02), #(236) = 4.144, p < .001. This effect was qualified by a significant interaction of
condition and stimulus-set, (1, 230) = 4.34, p = .038, n, 2 = .019. Additionally, there was a
significant interaction of story and stimulus-set, F(1, 230) = 4.26, p = .04, 1, > = .018. These

interactions can be observed in Figures 8 and 9, respectively.
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Figure 9. Mean practice test recall per stimulus-set and story

Even with these significant interactions, practice test recall was poorer in the two-targets
condition compared to the targets in the test-question condition. This lends support to the
semantic-associates-as-cues hypothesis: the presence of SAs benefits practice test recall, thereby
increasing recall on the final test compared to the two-targets condition. Also of interest is
whether or not the presence of SAs will increase the magnitude of the testing effect. Thus, the
following analyses will compare the conditional probability of successfully recalling the final
test target given successful recall of the practice test target (i.e., F'P") in the test-question

condition and the two-targets condition.

20



Passage One With Set A and B Items

Figure D5.  Passage One with Set A and B items
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The Borer Beetle isn’t just unusual in its reproductive practices—it also has very little competition for
its source of food. Most animals, including other insects, find the caffeine in coffee beans too toxic to consume.
The Borer Beetle, however, is unaffected by this natural toxin, and now scientists know why. A special gene
discovered in the DINA of the Borer Beetle allows it to occupy a umique ecological niche and feed exclusively
on coffee beans. This gene allows the beetle to detoxify caffeine and break down complex sugars in the coffee
bean.

Left unchecked, the Borer Beetle can ruin up to 75% of a plantation’s coffee crop. Even worse, the
hardy insect 1s largely imvulnerable to pesticides and bug traps. Pesticides, which use an insecticidal fungus, do
not penetrate the coffes berry—Ileaving the Borer Beetle inside unaffected. Additionally, bug traps—iwhich use
a sweet, poisonous liquid to lure the beetle info an mnescapable contamner that resembles a red plastic boftle—
require the beetle to leave the coffee berry, and this is a trip the beetle rarely makes.

To learn whether birds can mitigate the problem, Karp and colleagues conducted research on two coffee
farms by placing mesh nets over half of the coffee bushes while leaving the other half of the coffee bushes on
the plantation uncovered. This mesh net was designed to keep birds out of the bush while allowing Borer
Beetles to come and go as they please.

They found that avian predators did indeed pick off many of the beetles. In the rainy season—a peak
time for beetle activity—Borer Beetle infestation rates almost doubled when birds were excluded from foraging
on coffee bushes. After analyzing bird feces for Borer Beetle DINA_ the team identified the Woodpecker and
Thom Bill as predators of the Borer Beetle.

The Borer Beetle has few natural predators. Before the introduction of these beetle-eating birds, the
beetle’s two primary predators were other insects: ants and wasps. A particularly voracious species of ants has
been known to enter the beetle’s burrow and dine on its larvae. In addition to ants, parasitic wasps are also
known to prey on the Borer Beetle. A parasitic wasp, just like the beetle, will lay its offspring in a protected
environment that contains its own source of food. However, in this instance, the wasp implants its egg
underneath the beetle’s shell, where the beetle then takes on the role of the coffee berry and serves as the
sanctuary and food for the wasp’s larvae.

In discovering a novel use for Woodpecker and Thom Billz, coffee farmers finally have a viable form of
biclogical control. Though the Borer Beetle is vulnerable to both wasps and ants, these insects were never a
viable option as a form of biological control—large-scale use of these insects as pest control would mtroduce its
own set of problems.

To vnderstand what tvpe of habitat these beetle-eating birds prefer, researchers combined data about
bird population size and land features from six coffee farms. They found that beetle-eating birds were most
common at sites with stretches of forest and water nearby, which gave the birds a safe place to nest and raise
their young.

Currently, both the Woodpecker and Thorn Bill live mostly in small scraps of unprotected forest, rather
than in nature reserves where the habitat is protected by landowners or governments. A decline in Woodpecker
and Thorn Bill populations has been noted in various areas of the subtropics where habitat destruction has been
common. By clearing land of forest, people in these areas are driving away a precious resource that can help
their farms be more productive and profitable.

Figure D5 (continued)
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Passage Two With Set A and B Items

Instructions: When you reach

reread the article. When the time i

the end of the story, please provide a tally mark in the space provided and then

r
mif is up, please circle the last word you read

A Cause for the Pause in Global Warming

During the Industrial Revolution, humans started producing greenhouse gases on a global scale for the
first time in history—and at that time it was largelv unknown how the environment would be impacted. Since
those first coal-fired steam engines began to chug away, our planet has been growing warmer at a faster rate
than ever previously recorded. Global temperatures have increased steadily during most of this centuries-long
peried, but from 1940 through 1969, the average global temperature remained stable. Global warming resumed
after 1969, and temperatures resumed their upward climb. Climate scientists puzzled over this thirty-vear
‘pause’, hoping to determine why it occurred.

One important clue: the tropical Pacific Ocean, which is responsible for the weather patterns known
as El Nifio (“warm waters™) and La Nifia (“cool waters™), was unusually cold from 1940 to 1969, For the past
decade or so, the tropical Pacific has once again gone cold—more Nifia than Nifio—and a new study suggests
that this phenomenon may explain a second and even more recent pause in global warming.

In 1999, record setting temperatures for the hottest yeqr ever recorded occurred during a long summer
heat wave. After 1999, average global temperatures plateaued for a decade—failing to reach new peaks—
although the first decade of the new millennium, 2000 to 2010, also qualifies as the hottest decade on record.
Climate scientists were confronted with a second unexplained pause in global temperatures—prompting
researchers to question if this pause was the result of natural, decades-long variations in sea-surface
temperatures, a variable not previously accounted for in any climate change model.

This pause cannot be explained by a reduction in greenhouse gases—they have continued their relentless
increase in our atmosphere since the Industrial Revolution Why then had global warming paused and failed to
follow the accelerating trend evident between 1969 and the end of the century? To explain these pauses in
global warming, scientists used measurements taken by satellites and an automated buoy system to create a two-
factor model that added sea-surface temperatures and heat trapped by greenhouse gases into the equation to see
if the cooler Pacific was responsible for the pauses in global warming.

Even though the Pacific Ocean only covers 8 percent of the globe, this two-factor model, using
measurements taken by satellites that could observe certain properties of oxygen that varied with temperature
and buovs that measured the temperature of the ocean, has enabled researchers to explain both pauses in global
warming as well as other weather phenomena, such as the prolonged drought in regions of Russia and flooding
in parts of the Unites States. In thwarting the notion of a global warming “hiatus”, they had finally identified
where the elusive vet predicted heat was hidden—deep within the oceans.

Previously, the pause in global warming that occurred from 1940 to the end of 1969 was attributed to
volcanic eruptions and a calm period in the solar cycle. At that time, volcanic eruptions across the globe had
gjected massive amounts of dust and ash into the sky. Sooty particulates from volcanoes were believed to act
like atmospheric smog that blocked sunlight from reaching the earth. Additionally, a rare, calm solar cycle—as
evidenced by a cyclical dip in solar energy and sunspot activity—was observed during the same period. In
effect, the sun radiating less solar energy to Earth and atmospheric smog reflecting solar energy back into outer
space was thought to be the cause of the first pause in global warming. However, Xie, the leading researcher,
noted, “All you need to explain the earlier pause in global warming was the cooler sea-surface temperatures of
the Pacific Ocean, which had slowed the effects of heat trapped by greenhouse gases.”

Figure D6.  Passage Two with Set A and B items
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Other factors like volcanoes and solar cycles probably play a small role in restraining global warming,
but their effects are not believed to be substantial Instead, climate effects might also stem from other ocean
dynamics, such as the mixing of surface and deep ocean waters, a process called upwelling. Already, it appears
that ocean waters down to 1.5 miles in depth have absorbed a disproportionate amount of heat. The ocean
depths have been warming by roughly 0.1 degree Celsius every decade for little over half a century. As a result,
glacial melting at the Earth’s poles as well as in Greenland and Patagonia has increazed the risk of sea levels
rising which will affect low-lving coastal areas around the globe. “We need a proper exploration of all the
different mechanisms put together,” says Schmidt, a climate modeler.

Global warming will most certainly affect the average surface temperature and weather pattems. In
doing so, it will directly affect the lives of most organisms on the planet. The majority of life on this planet
resides in the shallow waters of the oceans. One species in particular that is especially volnerable to global
warming is coral. It just so happens that coral depends on a specific range of temperatures and sunlight to
survive. As the temperature increases and the sea level rises, coral reefs will be deprived more and more of the
conditions on which they need to survive. In addition to coral, diseases will alzo be affected by global warming.
A large number of diseazes tend to flourish in damp, hot conditions. As a result, areas around the equator are
expected to see a sharp increase in the rate of disease due to the conditions being just right for them to thrive at
that latitude.

Despite any pause in the trend toward hotter temperatures, the vears from 2000 to 2010 had the highest
averdge temperatures ever recorded in modem history, and featured other weather phenomena, such as,
droughts in parts of Russia and flooding in regions of the United States. Additionally, a rise in ocean levels due
to the meltdown of glaciers at the Earth’s poles and in Greenland and Patagonia was observed. “A cooler
Pacific stuck 0 a La Nifia rut may have restrained global warming for the past decade or s0”, Xie notes, “but it
1z unlikely to last. This effect of natural variability will be averaged out over a period of many vears, and the
temporary pause cannot be used to dismiss the threat of persistent human-cansed warming that is occurring
now.”

Figure D6 (continued)
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Figure D7.

Filler Passage

Stem Cells Mimic the Human Brain

With the right mix of nufrients and a little bit of coaxing, human stem cells derived from
skin can assemble spontaneously into the brain-like chunks of tissue. Researchers provide the
first description and application of these ‘“mini-brains’ today in Narure.

“It's a seminal study to making a brain in a dish,” says Clive Svendsen, a neurobiologist
whowas not mvolved in the study. “That’s phenomenal ™ A fully formed artificial brain might
still be years away, he notes, but the pea-sized neural clumps developed in this work could prove
useful for researching human neurological diseases.

Researchers have previously used human stem cells to grow structures resembling the eye and
even tissue layers similar to the brain’s cortex, but in the latest advance, scientists developed
bigger and more complex nevral-tissue clumps by first growing the stem cells on a synthetic gel
that resembled natural connective tissues found in the brain and elsewhere in the body. Then,
they plopped the nascent clumps into a spinning bath to infuse the tissue with nutrients and
OXYygen.

“The big suprise was that it worked.” says study co-author Juergen Knoblich, a developmental
biologist. The blobs grew to resemble the brains of fetuses in the ninth week of development.

An imperfect copy

Under a microscope, researchers saw discrete brain regions that seemed to interact with one
another. But the overall arrangement of the different proto-brain areas varied randomly across
tissue samples — amounting to no recognizable physiological structure.

“The entire structure is not like one brain ™ says Knoblich, adding that normal brain maturation
in an intact embryo is probably guided by growth signals from other parts of the body. The tissue
balls also lacked blood vessels, which could be one reason that their size was limited to 3—4
millimeters in diameter, even after growing for 10 months or more.

Despite these limitations, the authors used the system to model key aspects of microcephaly, a
condition that causes extremely stunted brain growth and cognitive impairment Microcephaly
and other neurodevelopmental disorders can be difficult to replicate in rodents because of
species-specific differences in brain development.

The researchers found that tissue chunks cultured from stem cells derived from the skin ofa
single human with microcephaly did not grow as big as clumps grown from stem cells derived
from a healthy person. They traced this effect to the premature differentiation of neural stem
cells inside the microcephalic tissue chunks, depleting the population of progenitor cells that
fuels normal brain growth.

The findings largely confirm prevailing theories about microcephaly, says Arnold Kriegstein, a
developmental neurobiologist, but, he adds, the study also demonstrates the potential for using

human-stem-cell-derived tissues to model other disorders, if cell growth can be controlled more
reliably.

Filler passage
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Practice Test for Passage One With Set A Semantic Associates

Birds Protect CafTee Crop
1.} The colorfil birds that eat the Borer Beetle mclude the Woodpecker and the

1) Diemiel Earp iz & conservation brologst from Univereity.

3.} In reference to the Borer Baetle's physical features, locals refer to it by the name of Devil Beatle or
Beetla.

4} The Borer Beatle is unique in that it possessas a special that allows it to detoxify and digest

caffeme_

3.} The Borer Beetle iz imminerable to most man-made forms of comtrol, such as bug traps and
6.} After mating, a healthy femnale Borer Beatle can lay between and 300 eggs within the host coffes
berry.

1.) If beetle infestation is left unchecked, itcan runup to % of the coffee crop
8.} Birds also protect coffes plantations on the remote islands of Hawaii and

2.} To study the effect birds have on Borer Beetle infestation rates, researchers covered half of
the coffee bushes on a plantation with a

10} Compared to female Borer Beetles, male beetles are lack a povverfinl mandible end a set of

11.} Both the BmerEaeﬂeandﬂledummmuuafﬂlemffuphmgnEMEdmﬁ.ﬁwa, epecifically the
high mountains in the countries of Kemya and

12} Sciemtizts in different countries have reported Borer Beetle life spene rangimg from about month to 6
momthes.

13.} Before introducing birds 2 a forme of biological pest contral, the primary predators of the Borer Beatle
were wasps and i

Figure D8.  Practice test for Passage One with Set A semantic associates
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Practice Test for Passage One With Set B Semantic Associates

Birds Protect Coffee Crop
1.) The colorfil birds that eat the Borer Beetle include the Thorn Bill and the
2.) Daniel Karp is a conservation biologist from University.

3.) In reference to the Borer Beetle’s physical features, locals refer to it by the name of Driller Beetle or
Beetle.

4.) The Borer Beetle is unique in that it possesses a special thatallows it to detoxify and digest
caffeine.

5.) The Borer Beetle is invulnerable to most man-made forms of control, such as pesticides and
6.) Aftermating, a healthy female Borer Beetle can lay between 100 and eggs within the host coffee
berry.

7.) If beetle infestation is left unchecked, it can ruin up to % of the coffee crop.

8.) Birds also protect coffee plantations on the remote islands of Jamaica and

9.) To study the effect birds have on Borer Beetle infestation rates, researchers covered half of the coffee
bushes on a plantation with a

10.) Compared to female Borer Beetles, male beetles lack a set of wings and a powerful

11.) Both the Borer Beetle and the domestication of the coffee plant originated in A frica, specifically the
high mountains in the countries of Ethiopia and

12.) Scientists in different countries have reported Borer Beetle life spans ranging from about one to
months.

13.) Before introducing birds as a form of biological pest control, the primary predators of the Borer Beetle
were ants and

Figure D9.  Practice test for Passage One with Set B semantic associates
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Practice Test for Passage Two With Set A Semantic Associates

A Cause for Pause in Global Warming
1.} The first obaerved pause in global warming lasted from 1940 until the end of the year

2} Record settme temperatures for the hottest year ever recorded occurred during a lons summer heat wave

in the year of

3.) Researchers were able to explain the pauses in global warming using measurements taken by satellites
and .

4) Already, ocean waters af miles in depth have absorbed a disproportionate amount of heat.

5.) When a second factor was added into the climate chanse model, the model was able tr:r]:mimbcrth
pausss in global warming as well as weather extremes such as drmzhls and

6.} Since the , & time when humans started to greatly impact the environment,
our planet has been growing warmer at & rate faster than ever previously recordad,

7.} The first pause in global warming was attributed to particles coming from voleanic eruptions and &
eyclical dip in

8.} The hottest abcade with the highest average temperature ever recordad began m the vear of
9.} The Pacific Ocean covers _ percent of the globe.
10} Other than humans, 2 discussed i the paszage, climate change will lzo impact other life forms, such

&z coral and

11.) For little over half & century, ocesn depths have been warming on average by degrees Calams
every decade.

12.) Occurring mn places other than the Arctic end Antarctica, which are located ot the Earth’s poles,
glacisl melting located m Greenland and bes mereased the nsk of
floodmg low hying coastal areas.

13y The hottest decade ever recorded mcluded heat wanves m coumiries such as Fuspa and

Figure D10. Practice test for Passage Two with Set A semantic associates
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Practice Test for Passage Two With Set B Semantic Associates

A Cause for Pause in Global Warming
1.} The first observed pause n global warming lasted from until the end of the year 1965.

2} Bzcord setting I.::m.pmmm for the hottest yeor ever recorded occurred during a long summer heat wave
in the vear of

3.} Rezearchers were abls to explain the pauses in global warming using measurements taken by buoys and

4} Already, ocesn waters at mules in depth have ahsorbed a disproportionate amount of heat.

3.) When a second factor was added mnto the climate change model, the model was able to prad.u:t both
pauses in global warming as well as weather extremes such as floods and

6} Since the , & time when humans started to greatly impact the environment,
our planst has been growing wartmer at a rate faster than ever previously recordad,

1.} The first pause n global warming was atimbuted 2 cyelical dip m yolar ensrgy and to particles coming
irom

8.) The hottest decade with the highest sversge temperature ever recorded began m the year of
9.} The Pacific Ocean covers ___ percent of the globe.

10} Orther than humans, as discussed in the passage, climate change will also impact other life forms, such
a5 diseases and

11.} For Iittle over half & century, ocean depths have been warming on average by degress Celsius
every decads

1.} Ocourming m places other than the Arctic and Antarctica, whoch are located at the Earth’s polea,
glzcial melting located in Patagoniz and has increazed the nsk of

ﬂmdme low; l'l.'mg coastal ereas.

13.) The hottest decade ever recorded included heat waves in countries such as the United States and

Figure D11. Practice test for Passage Two with Set B semantic associates
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Final Test for Passage One

Birds Protect Coffee Crop
1.} The colorfial birds that eat the Borer Beetle include the and the
2.} Damvel Karp 13 a conservabion biclogest from University.
3) Inreference to the Borer Beetla's phveical features, locals refer to it by the name of Beatle or
Beede.
4} The Borer Bestls 13 umque n thet it possesses @ special that allows it to detoxify and digest
caffeme.
3.} The Borer Bestle iz imvulnerable to most man-made forms of control, such as ard
6.) After mating, a healthy female Borer Beetle can lay between and eggs within the host

1.} If beetle infestation is left unchecked, it can niin up to ¥ of the coffiee crop.

2.) Birds also protect coffee plantations on the remote 13lands of and
2.} To study the effect birds have on Borer Bestls mfestation rates, researchers covered half of the coffee
bushes on 2 plantation with s

10} Compared to female Borer Bestles, male beetles lack a set of and & powerfil

11} Both the Borer Beetle and the domestication of the coffes plant mgmal:ed in Africa, specifically the
high mountaine m the countries of end

12} Scientists in different countries have reported Borer Beetle life spans ranging from about | monthto
momths,

13.) Before introducing birds a5 a form of biological pest control, the primary predators of the Borer Beetle
e and .

Figure D12. Final test for Passage One
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Final Test for Passage Two

A Cause for Pause in Global Warming
L) The first cbaerved peuse in globel warmimg larted from umhl the end of the year

] Re:ordﬂmtmpﬂmrufnrﬂmhnttat v aver recorded occurred durmg a long suwmmer heet wave
in Hee year of

3.) Besearchers were able to explain the pauses in global warming using measurements taken by
and -

47 Already, ocsan waters 21 miles in depth have ahsorbed 2 disproportionate ameunt of heat

5.) When a second factor was added into the climate change model, the modal was able to pradict both
pauses m global warming as well a3 weather extremes such as and

6. Since the , & time when humans started to greathy impact the environment,
our planet has been growing warmer at a rate faster than ever previously recorded.

]']Th;ﬁ:dpmnmg]ubdnmgﬁmmhmdtupamduummgﬁ'm and &
cyclical dip in

8.} The hottest decade with the highest average tempersture ever recorded began in the year of
) The Pacific Ocesn covers ___ percent of the globe.
10) Ovher than humans, as discussed i the passage, climate change will also impact cther life forms, such

ag and
11} For liftls over half s century, ocesn depths have been warmme on average by degrees Cealams
every decads,

12} Oceurring in places other than the Arctic and Antarctica, which are located at the Earth’s poles,
glacial melting located in and has mereased the risk of
flepdmg low bying coastal areas.

13} The hottest decade ever recorded mecluded heat waves 1o countries much as and

Figure D13. Final test for Passage Two
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