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Providing information to test takers and test score users about the abilities
of test takers at different score levels has been a persistent problem in edu-
cational and psychological measurement (Carroll, 1993). Since the 1990s
Educational Testing Service has been investigating solutions to this problem
through the development of proficiency scaling procedures and question-
difficulty research. In 1997 a proficiency scale was developed for the Test of
English as a Foreign Language (TOEFL) Reading Comprehension section
using a tree-based regression approach. The current study describes a scale-
anchoring study of the new TOEFL iBT reading test and the resulting profi-
ciency descriptors that are now part of the TOEFL iBT score report. The goal
was to provide descriptive information about the abilities that test takers need
in order to answer questions correctly. These abilities are those articulated in
the new TOEFL Reading Framework and in the guidelines for writing test
questions. Scale anchoring is a method of creating descriptors of the perfor-
mance of test takers that is based on both empirical data and judgments by
test developers. It has been used with a variety of assessments, including the
National Assessment of Educational Progress (NAEP) and the Trends in
International Mathematics and Science Study (TIMSS).

I Introduction

Providing information to test takers and test score users about the abil-
ities of test takers at different score levels has been a persistent prob-
lem in educational and psychological measurement (Carroll, 1993).
Since the 1990s Educational Testing Service has been investigating
solutions to this problem through the development of proficiency scal-
ing procedures (see, for example, Tatsuoka, Birenbaum, Lewis, and
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Sheehan, 1993 and Sheehan, 1997) and question-difficulty research
(Kirsch and Mosenthal, 1990; Freedle and Kostin, 1993; Freedle,
1997; Nissan, De Vincenzi, and Tang, 1996). In 1997 a proficiency
scale was developed for the Test of English as a Foreign Language
(TOEFL) Reading Comprehension section (Sheehan, Ginther, and
Schedl, 1999) using the tree-based regression approach (described in
Sheehan, 1997). The current study describes a scale-anchoring study
of the new TOEFL iBT reading test and the resulting proficiency
descriptors that are now part of the TOEFL iBT score report.

II Background

Many lists of skills have been assembled over the years by both first
and second language specialists based on the assumption that read-
ing comprehension includes a number of different subskills or abili-
ties (e.g. Bloom et al., 1956; Davis, 1968; Munby, 1978). Often these
skills have been further classified as “higher-level” or “lower-level”
skills (e.g. Barrett, 1968; Davies and Widdowson, 1974). However,
empirical studies have failed to find evidence of separate subskills
(Lunzer et al., 1979) or have provided contradictory evidence as to
whether particular skills are distinct (Alderson, 2000).

Schedl et al. (1996) investigated the dimensionality of the reading
comprehension subpart of the TOEFL reading section.! Performance
on items classified as “reasoning items” was compared to perfor-
mance on all other reading items in the test to determine whether rea-
soning items could be shown to measure a unique ability in addition
to general reading ability. The authors concluded that differences in
question types (such as understanding vocabulary, understanding fac-
tual information, making inferences vs. extrapolating information,
making analogies, understanding organization and purpose, and under-
standing author’s purpose/attitude) do not, in themselves, account for
differences in difficulty or dimensionality.

In addition to the question of whether evidence can be found for
separate subskills is the question of whether specialists can agree
about which subskills are involved in particular reading tasks. A num-
ber of studies have failed to find agreement among specialists as to
which subskills are being measured by reading items (Alderson,
1990a, 1990b; Alderson and Lukmani, 1989). Lumley (1993), how-

IAt the time of the study the reading section consisted of two subparts, vocabulary and reading
comprehension.
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ever, found impressive agreement among English for Academic
Purposes teachers in matching individual test items to specific sub-
skills by following a procedure involving discussion and careful def-
inition of terms. Recently a major effort was undertaken to develop a
common European framework of references and a scale to describe
language proficiency (North, 2000).

III Describing performance

A major goal of the TOEFL reading redesign (Enright, et al., 2000)
was to provide performance descriptors to test takers that would help
them interpret their test performance. To the extent that reading sub-
skills required by particular reading tasks could be identified, inter-
pretive information about the performance of individual test takers
could be provided. Since research had shown that the abilities need-
ed to answer test questions are not directly related to question type,
reading tasks would have to be analyzed for the abilities necessary to
perform them well, and differences in the difficulty of questions of the
same type would have to be accounted for in terms of these abilities.

Using text and task variables to describe factors that cause diffi-
culty for readers was seen to have potential as a means of providing
feedback to test takers about their performance in a way that is more
directly related to their abilities than a norm-referenced numerical
score, which is only informative about a given test taker in compar-
ison to others in the test-taking population.

Research by Irwin Kirsch and Peter Mosenthal (1990) indicated
the importance of task variables in constructing a model of prose lit-
eracy that could account for performance differences on questions
testing adult literacy. Their model of prose literacy as well as the text-
comprehension models of Kintsch (1993, 1998), Gernsbacher (1990),
and Mosenthal (1996) informed the analysis of the difficulty of 518
TOEFL paper-and-pencil reading questions (Sheehan, Ginther and
Schedl, 1999). Difficulty variables derived from the latter study were
used to code prototype questions for the first of two field studies car-
ried out for TOEFL iBT in 2001. Difficulty variables for new types of
tasks that did not exist in the paper-and-pencil test were hypothesized,
and all questions were coded by test development staff. Training and
discussion was extensive and care was taken to define and exemplify
abilities relevant to the design of items, assuming this would result in
greater agreement, as it had done for Lumley (1993).

An analysis of questions in a second field study (2003) was con-
ducted by a group of test development and statistical analysis staff.
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Two forms of the test were administered, and ten different types of
test questions were included. Questions were sorted by difficulty for
further analysis without regard to which passages they were associ-
ated with and without regard to the type of question. All of the easy
and difficult questions were analyzed by TOEFL test developers
using expert judgment to hypothesize the characteristics driving dif-
ficulty. Statements that describe the abilities thought to be required
by easy tasks and by difficult tasks were drafted. These descriptions
focused on the cognitive demands the questions made on the test
taker across different types of test questions rather than on descrip-
tions of the types of questions themselves.

A special pretesting event was conducted in 2004 for the purpose of
acquiring equating questions for the new test, and another 24 sets of
reading questions were coded. This kind of analysis is iterative and data
driven. As such it is likely to go on for several years before providing
sufficiently reliable information to serve as the basis of score reporting.

In order to provide more immediate test-taker feedback, a scale-
anchoring study of 24 sets of questions that were pretested in 2003—2004
was carried out. A major difference between scale anchoring and diffi-
culty coding as the source of interpretive information is that scale
anchoring is carried out based on known difficulty and discrimination
data, whereas difficulty coding is intended to predict and account for
difficulty in advance. Another difference is that scale anchoring pro-
vides information about typical abilities of test takers at different points
on the scale, whereas difficulty coding may ultimately make it possible
to provide individual performance information. Test developers who
participated in the scale-anchoring study were familiar with the diffi-
culty variables associated with TOEFL iBT reading questions and used
these as a basis for analyzing tasks that anchored to the scale. The scale-
anchoring study both confirmed and extended our understanding of
reading abilities. The descriptive performance information provided
with the TOEFL iBT score report was derived from this scale-
anchoring study (see Appendix A for the score report descriptors).
A similar study was carried out for the TOEFL iBT listening test.

IV Scale anchoring: The process

As mentioned previously, one goal of TOEFL iBT was to make enhanced
score reports available to test takers in order to provide them with more
than just a number on a score scale. The goal was to provide descrip-
tive information about the abilities that test takers need in order to
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answer questions correctly. These abilities are those articulated in the
Reading Framework (Enright et al., 2000) and in the guidelines for
writing test questions. In creating test questions, test developers con-
sider these abilities and select passages and develop sets of questions
according to specifications delineating how many questions should
be created to measure each of the abilities. In addition, test developers
code variables related to difficulty for each question in the reading test.

In the design of the new enhanced score report, the initial goal was
to create individualized descriptors using a statistical model based on
MCMC (Monte Carlo Multiple Chains) and a software package called
Arpeggio. However, this methodology is not yet mature enough to
be used for score reports for TOEFL iBT, so it was decided to adopt a
scale-anchoring approach instead. Scale anchoring is a method of cre-
ating descriptors of the performance of test takers that is based on both
empirical data and judgments by test developers. It has been used with
a variety of assessments, including the National Assessment of
Educational Progress (NAEP) (Phillips et al., 1993; Jaeger, 2003) and
the Trends in International Mathematics and Science Study (TIMSS).

Before examining the empirical data, a number of decisions had to
be made:

e How many proficiency levels should there be?

e At what point on the score scale should each level begin and end?

e What criteria should be used to determine whether a test question
“anchors” at a given level?

After consulting with colleagues who work on NAEP, staff in
Assessment Development and Statistical Analysis decided that three lev-
els would be adequate as a starting point and that the score scale would
be divided into three equal percentiles. For a question to be considered
an anchor at the High or Intermediate level, it had to meet three criteria:

e More than 50% of the people scoring at a given level (the condi-
tional P value) had to answer the question correctly (a measure
of difficulty).

e Fewer than 50% of the people scoring at a lower level answered
the question correctly.

e The conditional P value at the next level down had to be at least
20 percentage points lower (a measure of discrimination).

For a question to be considered indicative of performance at the Low
level, it had to meet only one formal criterion:

® At least 50% of the people at the Low level answered the ques-
tion correctly.
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Table 1 Some sample data

TOEFL IBT Reading Pretest data

OVERALL LOW INTERMEDIATE HIGH
QUESTION N P+ P+ P+ D(20.00) P+ D(20.00)
VB533037001 1460 54.52 24.39 56.26 * 87.39
VB533038001 1474 66.89 38.93 74.13 * 91.95
VB533039001 1476 77.03 51.93 85.68 97.46
VB533041001 1474 78.97 52.21 89.78 99.15
VB533424001 1470 53.47 36.16 47.92 78.77 *

Shaded cells indicate the level at which the question anchors.
* indicates that a question anchors at a given level.

In addition, staff considered informally the difference in the condition-
al P values of the Low and Intermediate levels. If the P values were sim-
ilar for the two levels, the question was not considered in the analysis.

For example, in Table 1, the first question (VB533037001)
anchors at the Intermediate level because 56.26% of the test takers at
that score level answered correctly, while only 24.39% of the test
takers at the lower level got it right. Similarly, the last question in
Table 1 (VB533424001) anchors at the High level because 78.77%
of the test takers at that score level answered it correctly, while only
47.92% of those scoring in the middle third of the score scale got it
right. Because there are only three levels, no questions are said to
anchor at the lowest level. However, in the discussion of the data for
the Low level, both the third and the fourth questions in Table 1, and
all similar items, were considered in the analysis, as more than 50%
of the test takers in the Low level answered them correctly, and the
conditional P values at the Intermediate level are considerably high-
er than those at the Low level.

Once these decisions were made and the analyses run, the judgment
part of the anchoring analysis began.! The statistical data were merged
with the text of the test questions and the passage, and this information
was divided into four categories: those questions that anchor at the
High level, those that anchor at the Intermediate level, those consid-
ered indicative of skills at the Low level, and the rest of the questions,
which did not anchor at any level. A group of Reading test developers
internal to ETS (the authors of this paper) was convened, and this
group worked to articulate the knowledge, skills, and abilities that were
demonstrated by correct responses to the questions at each level. The

IThe data for the scale anchoring came from 24 Reading sets pretested in 2003-2004. Data were
available for ~312 test questions.
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next section of this paper provides exemplar questions and the associ-
ated descriptive text. Although there were no data relevant to the read-
ing passage itself, care was taken to consider the characteristics of the
text as well as the abilities needed to answer the question correctly.

After completing the analysis of the questions at each level, the
group turned its attention to the creation of concise descriptors of
overall performance at each level. These descriptors can be found
in Appendix A. It should be noted that these descriptors encapsulate
what test takers at a given level typically are able to do; they are not
meant to be descriptive of an individual’s performance.

V Analysis of test questions from the scale-anchoring study

Test questions in TOEFL iBT reading focus on the measurement of
abilities needed to read for two major academic purposes. The ques-
tions measuring basic comprehension primarily assess lexical, syn-
tactic, and semantic abilities along with the abilities to understand
information presented in single sentences and to connect information
across sentences. The questions measuring reading to learn require
more than understanding discrete points and getting the general idea
based on the lexical, syntactic, and semantic content of texts. Reading-
to-learn test questions assess specific abilities that contribute to
learning: recognizing the organization and purpose of the text, dis-
tinguishing major from minor ideas and essential from nonessential
information, understanding rhetorical functions (such as cause-effect
relationships, compare-contrast relationships, and arguments), and
conceptualizing and organizing text information into a mental frame-
work. Having an organized mental representation of the text is seen
as critical to learning from the text because it allows the reader to
remember important information and apply it in new situations
(Enright et al., 2000; Enright and Schedl, 2000).

In this section, a sampling of basic comprehension and reading-to-
learn questions from the study that anchored at each of the three levels
of performance are presented and analyzed in relation to the ability
descriptors and the factors that determine their degree of difficulty.
Test questions measuring basic comprehension typically take the
form of a “stem” that poses the query of the test question and indi-
cates the part of the text, the targeted text (typically a paragraph),
that is relevant to answering the query. The stem is followed by four
options from which the test taker must select the correct answer to
the query. The format of questions measuring reading-to-learn abilities
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varies according to whether a table or a summary of the passage is
used. It should be added that test takers respond to all questions only
after reading the entire passage, not in isolation from the broader con-
text as the questions appear in this paper. The reader of this paper
is therefore encouraged to read the full passages (available in
Appendix B) and become familiar with the broader context of the
questions included in the discussion that follows.

VI Factual information test questions

TOEFL iBT Factual Information questions play a central role in
measuring the ability of test takers to read a text for basic compre-
hension. The sets of questions used in the scale-anchoring study
included a large number of Factual Information questions, and analy-
sis of the skills required to give correct responses to these and other
basic comprehension questions led to conclusions both about test
takers’ abilities at different levels of performance and about the fac-
tors that make some of the questions more difficult than others.
These conclusions are summarized in the ability descriptors for the
Low, Intermediate, and High levels of performance (Appendix A).

Based on the analyses, test takers at the Low level (the lowest third
of the test-taking population) have limited ability to understand indi-
vidual sentences and to connect information across two or more
sentences. Test takers with this limited level of comprehension typi-
cally have difficulty answering a Factual Information question
correctly when the correct answer—and/or the stem—of the question
involves significant paraphrasing and hence cannot be easily
matched to the text. This is because Low-level test takers rely heav-
ily on particular words and phrases in order to identify the correct
answer to a question. This strategy can be successful when the area
of the text targeted for testing is relatively straightforward, but the
strategy does not work well when the text combines difficult vocab-
ulary and syntax with complexity of concepts.

At the Intermediate level, test takers have greater ability to under-
stand individual sentences and can connect information across two or
more sentences. They also have considerable ability to recognize infor-
mation even when it is significantly paraphrased, and hence they rely
less on matching words and phrases to the text. Intermediate-level test
takers can use these abilities to give correct responses to Factual
Information questions as long as the targeted text does not use very low-
frequency vocabulary and its conceptual complexity is not too great.
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What distinguishes test takers at the High level is that their ability
to understand and connect information and to recognize paraphrased
information allows them to answer Factual Information questions
correctly even when the targeted text has very low-frequency vocab-
ulary and has a high level of conceptual density.

The term “conceptual density” requires some explanation. In gen-
eral, when comparing two specific texts, it is not difficult to judge
whether one text is more or less conceptually dense than another: for
instance, a portion of text that consists of a general statement followed
by a series of examples is typically less conceptually dense—less dense-
ly packed with meaning—than one that develops a systematic com-
parison and contrast between two views, theories, or artistic styles. But
because a great variety of elements influence a text’s conceptual den-
sity, it is difficult to provide a definition. In general, a text can be said
to have a relatively high degree of conceptual density when it requires
the reader to carry over and assemble—often not all at once but in
stages—the meaning of concepts that build upon each other through
complex interrelationships. The greater the number of conceptual
interrelationships and the more complex they are, the more concep-
tually dense a text is likely to be. The types of conceptual interrela-
tionships may vary greatly from one text (or part of a text) to anoth-
er. Factual Information, Rhetorical Purpose, and Reading-to-learn
questions presented in the discussion that follows include examples
that test conceptually dense text.

Four examples will help illustrate test-taker performance on
Factual Information questions at the three levels.

Performance at the low level Test takers at the Low level have the
ability to understand information that is of limited complexity in
texts that are relatively straightforward, and they can respond cor-
rectly to questions targeting this type of text when the stem and cor-
rect answer resemble the text closely or are simple paraphrases of it.
In Question 1 from the passage The Discovery of the Planet Pluto,
57.68% of the lowest-third of the test-taking population answered
the question correctly.

Relevant text: Nevertheless, the history of the search for Pluto began
with indications of deviations of the planets Uranus and Neptune from their
predicted orbits. According to gravitational theory, such deviations from
predicted orbit, or perturbations, would probably be caused by the gravita-
tional pull of an unknown planet beyond the orbits of Uranus and Neptune,
and the position and mass of that unknown planet could be calculated from
the deviations.
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Question 1

; e S SRl Sk vl
According to paragraph 1, what was concluded about the apparent
deviations of Uranus and Neptune on the basis of gravitational The Discovery of the Planet Pluto -
theory?
= Unlike Neptune, Pluto was discovered through a careful,
- . systematic search, not simply by turning a telescope toward
O The deviations were too small to be a serious problem. a position calculated on the basis of gravitational theory.
O The could not be by gravi | theory. Nevertheless, the history of the search for Pluto began with
- - indications of deviations of the planets Uranus and Neptune
O The de&auons Iwer? probably caused by the gravitational pull of from their predicted orbits. According to gravitational theory, such
an unknown plane deviations from predicted orbit, or perturbations, would probably
O The deviations could probably be explained by the gravitational be caused by the gravitational pull of an unknown planet beyond b
pull of Uranus and Neptune on each other. the orbits of Uranus and Neptune, and the position and mass of
that unknown planet could be calculated from the deviations. Early
; ) (=] in the twentieth century, several astronomers became interested in
Paragraph 1 is marked with an armow this problem, including Percival Lowell, founder and director of
Lowell Observatory in Arizona.

Stem: According to paragraph 1, what was concluded about the apparent
deviations of Uranus and Neptune on the basis of gravitational theory?

Correct answer: The deviations were probably caused by the gravita-
tional pull of an unknown planet.

Note the underlined areas of overlap between the text, stem, and correct
answer. The majority of test takers at the Low ability level were able to per-
form this task. In this example, note that the stem and correct answer use
the exact words and phrases of the text and that the task did not require a
significant degree of connecting information across sentences. For
Intermediate-level test takers, this task presented less of a challenge:
87.16% of them answered correctly.

Performance at the intermediate level Test takers at the Intermediate
level of performance are able to connect information across two or
more sentences and can recognize information from the text even when
that information does not match the wording of the text. Test takers at
this level demonstrate the ability to answer correctly even when the tar-

Question 2

| P R R Degakig

According to paragraph 1, what was a common claim about

ecological communities before the early twentieth century? What Is a Community? 1
o . . =) The Black Hills forest, the prairie riparian forest, and other
O Every species in a community has a specific role in that forests of the western United States can be separated by the
community. distinctly different combinations of species they comprise. Itis
O lItisimportant to protect communities by removing certain easy to distinguish between prairie riparian forest and Black Hills
species. forest—one is a broad-leaved forest of ash and cottonwood trees,

the other is a coniferous forest of ponderosa pine and white

O A precise balance is difficult to maintain in an ecological SPruce lrees. One has kingbirds; the other, juncos (birds with

community. white outer tail feathers). The fact that ecological communities are, ~
O ltis necessary for new species to be added quickly as indeed, recognizable clusters of species led some early
ecological communities develop ecologists, particularly those living in the beginning of the twentieth

century, to claim that communities are highly integrated, precisely
balanced assemblages. This claim harkens back to even earlier
arguments about the existence of a balance of nature, where every
species is there for a specific purpose, like a vital partin a
complex machine. Such a belief would suggest that to remove any
species, whether it be plant, bird, or insect, would somehow
disrupt the balance, and the habitat would begin to deteriorate.
Likewise, to add a species may be equally disruptive.

Paragraph 1 is marked with an arrow [=»].

ol Lalu Zyl_ﬂbl
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geted text area contains relatively difficult vocabulary and a complex
grammatical structure. Two examples of questions that anchored at this
level from the passage What Is a Community? will help illustrate the
abilities of Intermediate-level test takers. In the first example (Question
2), 65.5% of test takers at this level answered correctly, while only
28% of the Low-level test takers answered correctly.

Relevant text: The fact that ecological communities are, indeed, recog-
nizable clusters of species led some early ecologists, particularly those liv-
ing in the beginning of the twentieth century, to claim that communities are
highly integrated, precisely balanced assemblages. This claim harkens back
to even earlier arguments about the existence of a balance of nature, where
every species is there for a specific purpose, like a vital part of a complex
machine.

Stem: According to paragraph 1, what was a common claim about eco-
logical communities before the early twentieth century?

Correct answer: Every species in a community has a specific role in that
community.

A correct response to this question requires more than matching
phrases. The test taker must connect what is said about the twentieth
century to “even earlier arguments” and then identify the correct
answer by recognizing information about the purpose of every
species in a relatively simple paraphrase (“role” is used in the answer
instead of “purpose”).

A second example (Question 3) from the same paragraph of the
passage illustrates another aspect of the abilities exhibited by test
takers performing at the Intermediate level

Relevant text: This claim harkens back to even earlier arguments about
the existence of a balance of nature, where every species is there for a

Question 3

According to paragraph 1, the belief in a balance of nature suggests

that removing a species from an ecological community would have
which of the following effects?

O Itwould reduce competition between the remaining species of
the community.

O Itwould produce a different, but equally balanced, community.
O Itwould lead to a decline in the community.

O Itwould cause more harm than adding a species to the
community.

Paragraph 1 is marked with an arrow (=]

What Is a Community?

=) The Black Hills forest, the prairie riparian forest, and other
forests of the western United States can be separated by the
distinctly different combinations of species they comprise. Itis
easy to distinguish between prairie riparian forest and Black Hills
forest—one is a broad-leaved forest of ash and cottonwood trees,
the other is a coniferous forest of ponderosa pine and white
spruce trees. One has kingbirds; the other, juncos (birds with
white outer tail feathers). The fact that ecological communities are,
indeed, recognizable clusters of species led some early
ecologists, particularly those living in the beginning of the twentieth
century, to claim that communities are highly integrated, precisely
balanced assemblages. This claim harkens back to even earlier
arguments about the existence of a balance of nature, where every
species is there for a specific purpose, like a vital partin a
complex machine. Such a belief would suggest that to remove any
species, whether it be plant, bird, or insect, would somehow
disrupt the balance, and the habitat would begin to deteriorate.
Likewise, to add a species may be equally disruptive.
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specific purpose, like a vital part in a complex machine. Such a belief
would suggest that to remove any species, whether it be plant, bird, or
insect, would somehow disrupt the balance. and the habitat would begin to
deteriorate. Likewise, to add a species may be equally disruptive.

Stem: According to paragraph 1, the belief in a balance of nature sug-
gests that removing a species from an ecological community would have
which of the following effects?

Correct Answer: It would lead to a decline in the community.

Over 70% of Intermediate-level test takers were able to answer
this question correctly compared to 25% of Low-level test takers.
This question does not require a significant ability to connect infor-
mation: test takers need only connect “a balance of nature” to the
phrase “such a belief” to understand why, according to this belief,
removing a species would have a negative effect. This question, how-
ever, requires a significant ability to recognize paraphrased informa-
tion and depends on the understanding of vocabulary: “a decline in
the community” in the answer is not easy to match to the wording in
the text (“the habitat would begin to deteriorate”).

Performance at the high level A Factual Information question
(Question 4) targeting the next paragraph of What Is a Community?
illustrates the abilities of test takers at the High level of performance:
74.4% of High-level test takers answered this question correctly
compared to only 36.13% of Intermediate-level test takers.

Question 4

More Available!

Which of the following best represents the view of ecological

communities associated with Frederick Clements in paragraph 2 ?

O Onlywhen all species in a community are at the reproductive
stage of development is an ecological community precisely
balanced.

O When an ecological community achieves "climatic climax,” it
begins to decline.

O Allclimates have similar climax communities.

O Ecological cc lly reach the
balance that is possible for their region.

level of

Paragraph 2 is marked with an arrow [=»]

Ol Ll Zyl_ﬂbl

species, whether it be plant, bird, or insect, would somehow ]
disrupt the balance, and the habitat would begin to deteriorate.
Likewise, to add a species may be equally disruptive.

= One of these pioneer ecologists was Frederick Clements, who
studied ecology extensively throughout the Midwest and other

areas in North America. He held that within any given region of
climate, ecological communities tended to slowly converge toward

a single endpoint, which he called the "climatic climax" This

“climax” community was, in Clements's mind, the most well-

balanced, integrated grouping of species that could occur within

that particular region. Clements even thought that the process of
ecological succession—the replacement of some species by

others over time—was somewhat akin to the development of an
organism, from embryo to adult. Clements thought that succession
represented discrete stages in the development of the community =
(rather like infancy, childhood, and adolescence), terminating in the
climatic “adult” stage, when the community became self-

reproducing and succession ceased. Clements's view of the
ecological community reflected the notion of a precise balance of
nature.

Clements was challenged by another pioneer ecologist, Henry
Gleason, who took the opposite view. Gleason viewed the
community as largely a group of species with similar tolerances to
the stresses imposed by climate and other factors typical of the
region. Gleason saw the element of chance as importantin
influencing where species occurred. His concept of the community
suggests that nature is not highly integrated. Gleason thought
succession could take numerous directions, depending upon local
circumstances
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Relevant Text: One of these pioneer ecologists was Frederick Clements, who
studied ecology extensively throughout the Midwest and other areas in North
America. He held that within any given region of climate, ecological commu-
nities tended to slowly converge toward a single endpoint, which he called the
“climatic climax.” This “climax” community was, in Clements’s mind, the
most well-balanced, integrated grouping of species that could occur within that
particular region.

Stem: Which of the following best represents the view of ecological com-
munities associated with Frederick Clements in paragraph 2?

Correct answer: Ecological communities eventually reach the maximum
level of balance that is possible for their region.

The targeted text, the whole of paragraph 2, in Question 4 for-
mulates a number of different ideas that Clements held about eco-
logical communities, but the stem does not help the examinee
locate which of these ideas is the one expressed in the correct
answer. As a result, the test taker must understand all of Clements’
ideas about ecological communities in order to reject incorrect
answers and identify the correct answer. The task of processing the
ideas of this entire paragraph, however, presents a considerable
challenge to test takers because of the target text’s high degree of
conceptual density.

The two examples of Factual Information questions from What Is a
Community? that anchored at the Intermediate level targeted paragraph
1, whereas Question 4 targets paragraph 2. Paragraph 1 serves as a gen-
eral introduction to the idea of “a balance of nature.” In paragraph 2,
however, the concept of “the most well-balanced community” is
expanded and refined. Test takers must understand three more dimen-
sions of that concept as it was elaborated by Clements: (1) that “the
most well-balanced community” differs from region to region, (2) that
an ecological community in a given region evolves through time toward
its own ultimate state of balance, and (3) that this developmental pro-
cess is analogous to an organism’s development from infancy to adult-
hood. Note that each of the three incorrect answers is designed to test
the comprehension of one of these three added dimensions.

In addition, the correct answer represents a significant paraphrase
of the wording in the text (“eventually reach” for “slowly converge”
and “the maximum level of balance possible” for “the most well-
balanced, integrated grouping of species that could occur”).

The interplay of conceptually dense text, a stem that does not help
the test taker locate the necessary information to answer correctly,
and an answer that is significantly paraphrased resulted in a question
that proved difficult for all but the most able of TOEFL test takers.
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VII Rhetorical purpose test questions

TOEFL iBT Rhetorical Purpose questions test the ability to recog-
nize the expository organization of a portion of text and the role spe-
cific information serves within that text.

Performance at the Low level The descriptors that emerged from
our analyses state that test takers at the Low performance level
“have difficulty identifying the author’s purpose except when that
purpose is explicitly stated in the text or easy to infer from the text.”
This statement implies that Low-level test takers are able to identi-
fy the author’s purpose when it is explicitly stated or easy to infer
from the text, and indeed there are Rhetorical Purpose questions in
the scale-anchoring study that have been answered correctly by
more than 50% of Low-level test takers. Test-security concerns pre-
vent the publication at this time of specific examples for this Low
ability level, so a general description of such test questions follows.

A question of this type asks why some word or phrase is men-
tioned in a certain portion of text; e.g. “In paragraph 3, why does the
author mention dinosaurs?” The relevant text is centered on the com-
puter screen with the word “dinosaurs” highlighted within the text.
The paragraph in which the term “dinosaurs” is mentioned has an
expository structure quite common in TOEFL iBT reading passages
(and introductory college textbooks in general). It begins with a gen-
eral statement; e.g., “Many species became extinct as a result of cat-
astrophic impacts by asteroids or meteorites,” directly followed by a
relatively straightforward list of examples, with the extinction of the
dinosaurs serving as one of the examples. The text helps the reader
understand that the author’s purpose is to illustrate the general state-
ment by examples. This help may come in two forms: either the
series of examples is marked by an explicit indicator of rhetorical
purpose (such as “for example” or “for instance”) or the series is
located directly after the general statement, so that the reader can
easily infer (from the location) that the author’s purpose in mentioning
the extinction of the dinosaurs is to illustrate the general statement.
Finally, the correct answer is worded simply and straightforwardly
(“To provide an example of species that became extinct as a result of
asteroid or meteorite impacts”).

When the author’s purpose is not explicitly indicated in the text or
easy to infer from the text (from location and/or other cues), and espe-
cially when the series of examples is not a simple list but is inter-
spersed with comments, qualifications, etc., test takers at the Low level
of performance do not as a group answer correctly.



Question 5

In paragraph 6, why does the author discuss Pluto's mass?

O To provide evidence that Lowell's calculations were wrong

O To argue that the discovery of Pluto was similar to that of
Neptune

O To show that Pluto's discovery supported gravitational theory
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In February 1930, Clyde Tombaugh, comparing photographs
made on January 23 and 29 of that year, found an object whose
motion appeared to be about right for a planet far beyond the orbit
of Neptune. It was within 6 degrees of the position Lowell
predicted for the unknown planet. The new planet was named
Pluto, the god of the underworld. (Appropriately, the first two
letters of Pluto are the initials of Percival Lowell; this is about as

close as one can come to naming a planet for a person.)

= Although in 1930 the discovery of Pluto appeared to be a
vindication of gravitational theory similar to the nineteenth-century
discovery of Neptune, we now know that Lowell's calculations were
wrong. When the mass of Pluto was finally measured, it was found
to be much less than that of the Moon. Such a small mass could
not possibly have exerted any measurable pull on either Uranus or
Neptune. Recently the Pioneer and Voyager spacecraft have
penetrated beyond the orbit of Pluto, and they show no drift that
might be attributed to an undiscovered mass. Further, a survey of
the entire sky carried outin 1983 by the Infrared Astronomical
Satellite revealed no hidden "Planet X." Today it is generally
accepted that the supposed perturbations of Uranus and Neptune
are not, and never were, real.

O To argue that Pluto has such a small mass that it is not really a
planet

Paragraph 6 is marked with an arrow (=],

Performance at the Intermediate level The descriptors that
emerged from our analyses state that test takers at the Intermediate
performance level “can recognize the expository organization of a
text and the role that specific information serves within a larger text
but have some difficulty when these are not explicit or easy to infer
from the text,” while test takers at the High level can recognize text
organization and the role served by specific information “even when
the text is conceptually dense.” The claim is that conceptually dense
texts make it difficult for Intermediate level test takers to infer rhetor-
ical purpose that is not explicitly marked.

Question 5 is an example of a Rhetorical Purpose question (on The
Discovery of the Planet Pluto) that anchored at the Intermediate level
(The correct answer is the first option: 67.27% of test takers at the
Intermediate level answered correctly, but only 37.81% of those at
the Low level answered correctly). This test question is based on a
potentially more complex type of expository structure than the one
described previously: instead of a general statement followed by
illustrations, what we have here is evidence presented in support of
(or against) a view, hypothesis, thesis, claim, etc.

Note that the author’s purpose in discussing Pluto’s mass is not
marked in the text by an explicit indicator and thus needs to be
inferred. Moreover, the paragraph tested has a degree of conceptu-
al density that makes it difficult for test takers at the Low level (but
not for those at the Intermediate level) to infer the author’s purpose
from the location of the term “Pluto’s mass™ and/or other cues.

The paragraph tested is conceptually denser than the type of para-
graph described in the dinosaur example. The thesis or claim for
which evidence is to be offered is that “we now know that Lowell’s
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calculations were wrong” (even though, as the previous paragraph
states, Pluto was discovered close to a position previously predicted
by those calculations). That thesis, however, comes after an
“although” clause that introduces a conceptual distinction between
what appeared and what was, in fact, the case. (Options 2 and 3 are
attractive if that distinction is not noted.) After the thesis is stated, the
topic of Pluto’s mass is introduced in the next sentence, but the rele-
vance of the topic to the thesis becomes clear in subsequent sentences
(hence, the location of the term “Pluto’s mass” does not help narrow
the search for the answer). An additional complication is the discus-
sion of “Planet X,” the relevance of which to the discussion of Pluto’s
mass is not a matter of explicit statement but of reader’s inference.

Performance at the High level An even higher degree of conceptu-
al density can be illustrated by Question 6, a Rhetorical Purpose test
question (on What Is a Community?) of the same general kind as the
previous one but more complex, which anchored at the High level
(The correct answer is the first option: 71.27% of test takers at the
High level answered correctly, but only 45.14% of those at the
Intermediate level and 27.06% of those at the Low level answered
correctly). Faced with this degree of conceptual density, most test tak-
ers at the Intermediate level were unable to infer the author’s purpose
correctly, whereas most of those at the High level were able to do so.

Note the conceptual sophistication of the text and, in particular,
the complexity of the formulations of the Clements and Gleason
views. This is the main factor that accounts for the high difficulty of
this Rhetorical Purpose test (Question 6). Instead of having support-
ing evidence for a single thesis as in the previous example, here we
have three different views being considered: Clements’, Gleason’s,
and “the current view.”

Question 6

In paragraph 5, why does the author mention green ash trees and
plains cottonwood trees?

O To support the current view of the relations among members of
an ecological community

O To provide examples of species that prefer to live on floodplains
O To provide evidence that supports the theory of Clements

O To show where one ecological community stops and the other
begins

Paragraph 5 is marked with an arrow (=],

Who was right? Many ecologists have made precise
measurements, designed to test the assumptions of both the
Clements and Gleason models. For instance, along mountain
slopes, does one life zone, or habitat type, grade sharply or
gradually into another? If the divisions are sharp, perhaps the
reason is that the community is so well integrated, so holistic, so
like Clements viewed it, that whole clusters of species must remain
together. If the divisions are gradual, perhaps, as Gleason
suggested, each species is responding individually to its
environment, and clusters of species are not so integrated that
they must always occur together.
=) It now appears that Gleason was far closer to the truth than
Clements. The ecological community is largely an accidental
assemblage of species with similar responses to a particular
climate. Green ash trees are found in association with plains
cottonwood trees because both can survive well on floodplains and
the competition between them is not so strong that only one can
persevere. One ecological community often flows into another so
gradually that it is next to impossible to say where one leaves off
and the other begins. Communities are individualistic.
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To recognize the first option as the correct answer, the reader
needs to understand from the passage that the author is moving
beyond an account of the two historical models to express the cur-
rent view (which is closer to Gleason’s but presumably not identical
to it). The second sentence of the paragraph formulates the current
view, and the third sentence supports that general statement with a
factual statement about particular species.

Another notable feature is the second option of Question 6: it is
true that green ash and plains cottonwood trees are examples of
species “that prefer to live on floodplains,” but it is not true that these
trees are introduced in the paragraph in order to provide an example
of such species. Having to draw a distinction between the truth of the
second option’s factual content and its failure to capture the author’s
rhetorical purpose is not easy for TOEFL test takers and may lend
Rhetorical Purpose questions an extra dimension of difficulty.

VIII Reading-to-learn test questions

The last section of the descriptors refers to the test takers’ ability to
abstract the major ideas from an academic text. Before reading this
section of the paper, we encourage the reader to go over the passages
The Discovery of Planet Pluto and What is a Community? and their
respective summary test questions. Full-length copies of the pas-
sages can be found in Appendix B. Their corresponding summary
questions are included in this section.

TOEFL iBT’s reading measure includes new Reading-to-learn test
question types that require test takers to understand the rhetorical
pattern of a text as well as to connect and integrate the information
contained in the passage into a coherent whole.

These new questions can take the form of a summary or a schemat-
ic table, and each reading set has one. The summary question consists
of an introductory sentence and six options, three of which are the
correct answers that, together with the introductory sentence, sum-
marize the major ideas presented in the passage. Summary questions
are worth two points and test takers can receive partial credit. To
obtain one point, test takers must correctly identify two out of the
three correct answers. To obtain full credit for this test question (two
points), test takers must recognize all three correct answers. We stud-
ied the test takers’ performance on these questions in order to evalu-
ate their ability to abstract the major ideas from an academic text and
in order to determine how that ability varied from level to level.
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Question 7

Directions: An introductory sentence for a brief summary of the passage is provided below. Complete the summary by selecting the THREE
answer choices that express the most important ideas in the passage. Some sentences do not belong in the summary because they express
ideas that are not presented in the passage or are minor ideas in the passage. This question is worth 2 points.

belong. To re

Pluto’s discovery was the result of a complex interaction between

gravitational theory and a methodical search using the telescope.

L]

L]

L]

Answer Choices

Based on apparent perturbations in the motion of known planets, Lowell predicted that the unknown planet would have a mass greater
Lowell predicted where an unknown planet might be found and than that of Earth or Neptune.
calculated its mass.
Neptune was discovered when a telescope was turned toward a The search for the unknown planet, facilitated by new technology,
position accurately calculated by Lowell on the basis of gravitational eventually led to the discovery of Pluto near a position predicted by
theory. Lowell.

The new planet was named Pluto in honor of Percival Lowell, whose Astronomers have strong evidence that the supposed perturbations
initials are contained in the planet's name. on which Lowell based his predictions do not really exist.

Correct answers: 1, 4, 6 (Note: Option layoutis 1...2
.4
5...6)

The scale-anchoring study showed that Low-level test takers can
sometimes recognize major ideas from a text. However, they are only
able to do this when the information is clearly presented, memorable,
or illustrated by examples. Denser, more abstract texts pose difficulties
for these test takers. More complex syntax and vocabulary, and/or
text organization that is not strongly marked are also sources of dif-
ficulty at this level. The summary question from The Discovery of
Planet Pluto illustrates what Low-level test takers can do: 62.15% of
the test takers at the lower end of the scale were able to identify two
of the three correct answers.

Although some parts of this passage are denser than others, the
relationships among meaning units that shape most of the major ideas
of the text are not complex and are explicitly stated in the passage. For
example, for the first major point (option 1) there is a simple linear
path: .. . such deviations from predicted orbit, or perturbations [of
Uranus and Neptune] would be caused by the pull of an unknown
planet”; “the position and mass of that unknown planet could be cal-
culated from the deviations”; Lowell did this. The second correct
answer (option 4) involves a simple synthesis of the clearly illustrated
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information presented in paragraphs 3, 4, and 5. The new “photo-
graphic telescope” and “the invention of the blink microscope” are
combined in the correct answer as “new technology” that was used in
the discovery of the planet in 1930. This whole process is also facili-
tated by the fact that the information conveyed is mainly factual and
concrete and by the fact that the passage presents elements that are
characteristic of the narrative genre. The third correct answer (option 6),
however, involves processing a denser path, since it requires an
understanding of how the information presented in the last paragraph
challenges what was previously stated in the passage. Not surprisingly,
this last correct answer proved to be the most difficult of the three.
Nevertheless, it is important to note here that within the range of pas-
sages used in TOEFL iBT Reading, The Discovery of Planet Pluto is
one of medium difficulty, and test takers at the lower end of the scale
performed better when dealing with relatively easier passages.

Test takers at the Intermediate level are also able to abstract the
major ideas from the text, and the task is clearly much easier for them
when the text has the characteristics that allow those at the Low level
to perform relatively well. For example, in the same summary ques-
tion, 85.01% of the population at the Intermediate level correctly iden-
tified two out of the three correct answers. However, even though more
complex syntax and vocabulary are less of a problem at the
Intermediate level than at the Low level, test takers at the Intermediate
level still have difficulty abstracting major ideas when the text is
denser, that is, when the conceptual connections between meaning
units in the building up of information is more complex. The passage
What is a Community? and its summary question (Question 8) provide
a good example. What is a Community? is a denser passage, mostly
conceptual and abstract with overall harder syntax and vocabulary.
Unlike The Discovery of Planet Pluto, in which certain parts are
denser than others, in What is a Community? the conceptual density is
relatively consistent throughout the text. The connections between
meaning units required to successfully abstract the major points of this
passage are greater in number and significantly more complex. For
example, all three correct answers (options 2, 3, and 6) require test tak-
ers to clearly recognize the synthesis they present of the explanations
of Clements’ and Gleason’s views, which cannot be fully understood
separately but only in comparison with one another—in other words,
Clements’ views cannot be fully understood until Gleason’s views are
processed and vice versa. Of the Intermediate-level test takers, 64%
recognized two of the correct answers—a significant difference
compared with the previous example (85.01%)—and only 20% of
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Question 8

Directions: An introductory sentence for a brief summary of the passage is provided below. Complete the summary by selecting the THREE
answer choices that express the most important ideas in the passage. Some sentences do not belong in the summary because they express
ideas that are not presented in the passage or are minor ideas in the passage. This question is worth 2 points.

Over time, a variety of views have been formed on the structure of

ecological communities.

L]

[ ]

[ ]

Answer Choices
Clements held that ecological communities were like organisms that Clements saw the community as a collection of thoroughly
compete with each other for dominance in a particular climatic region.  interdependent species progressing toward a single climax
community.

Gleason held that within a single climatic region, differing local Gleason believed that sharp divisions would exist between species in
factors would cause ecological communities to develop in different different habitats.
ways.
Today's ecologists recognize that ecological communities must be The current thinking is that communities are individualistic and
precisely and permanently balanced. largely accidental collections of species with similar needs and

tolerances.

Correct answers: 2,3, 6

these test takers were able to receive full credit for this question by cor-
rectly identifying all three correct answers.

By contrast, test takers at the higher end of the scale are able to
abstract the major ideas even when the text is dense and contains com-
plex language. In the summary of What is a Community? (Question 8),
90.05% of the test takers at the High level correctly identified two of
the correct answers, and 55% received full credit for this question.

The analysis of the test takers’ ability to abstract major ideas from
a text at the Low, Intermediate, and High levels showed the same pat-
tern across all passages and reading-to-learn questions included in
the analysis.

IX Outstanding issues and concerns

The potential for misuse and misunderstanding of the descriptors
exists. Linn and Dunbar (1992) have described the confusion of the
general public about the meaning of NAEP data related to score
anchors. They conclude that the reasons for the discrepancy between
the percentage of examinees who answer an anchor item correctly and
the percentage who score above the corresponding anchor point may
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be too subtle for mass communication. Phillips et al., (1993) describe
the potential danger of overinterpreting examinee performance at
anchor points so that all examinees at a particular level are assumed to
be proficient at all abilities measured at that level. Even though the
TOEFL descriptors of performance will not be sent to institutions
without the permission of the individual test taker, it is clearly impor-
tant to ensure that inferences based on these descriptors are sound.

The analysis presented in this paper leaves a number of addition-
al issues and concerns to be addressed:

e Would the data support more than three levels? Descriptors for any
given level work best for the typical test taker at that level. The fur-
ther a test taker’s score deviates from the middle of the range, the
less well the descriptors for that range fit the individual test taker.

e Anchor questions for each level were selected across a large
score range. Would it be more appropriate to select anchors from
the middle of each range?

e Are the criteria for difficulty and discrimination rigorous
enough? Too rigorous?

e s there a better way to identify items at the Low level that are
truly indicative of performance at that level?

e Although the pretest population was carefully selected to repre-
sent the TOEFL population in terms of language background,
country of origin, gender, age, etc., it is, nevertheless, a pretest
population. As such, this population may differ from the opera-
tional population in terms of motivation or familiarity with the
types of questions typically included in TOEFL iBT. Would a
second study, using data from an operational test, yield signifi-
cantly different results?

e Would test developers and subject matter experts external to ETS
characterize the abilities in ways similar to test developers inter-
nal to ETS?

e Are the descriptors useful to test takers, particularly at the Low
and Intermediate levels?

e Although TOEFL iBT is designed to ensure comparability across
different test forms, do these descriptors also truly generalize?

e Are there tools available for analyzing the text itself that might
inform the process of characterizing test takers’ abilities?

In the future, ETS plans to address each of these questions. A second
scale-anchoring study that will address many of these questions began in
late 2006, using worldwide operational test data. Statisticians and test
developers will redefine examinee proficiency levels, replicating the
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procedures and identifying items that distinguish among the levels in
order to validate the descriptors of abilities at each level. Of special
interest is the question of whether the particular cut scores and descrip-
tors used in this study will discriminate operational test takers as suc-
cessfully as they discriminated the test taker sample used in this study.
If necessary, cut scores and descriptors will be revised to aid in the
interpretation of abilities. It would also be appropriate to validate the
descriptors using teachers or other test developers.
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Appendix A: TOEFL iBT score report descriptors

Reading Level
Skills

Your Performance

Reading High (22-30)

Reading Intermediate
(15-21)

Test takers who receive a score at the HIGH
level, as you did, typically understand aca-
demic texts in English that require a wide
range of reading abilities regardless of the
difficulty of the texts.

Test takers who score at the HIGH level typically
. have a very good command of academic
vocabulary and grammatical structure;

can understand and connect information,
make appropriate inferences, and synthesize
ideas, even when the text is conceptually
dense and the language is complex;

can recognize the expository organization of
a text and the role that specific information
serves within the larger text, even when the
text is conceptually dense; and

can abstract major ideas from a text, even
when the text is conceptually dense and
contains complex language.

Test takers who receive a score at the INTER-
MEDIATE level, as you did, typically under-
stand academic texts in English that require a
wide range of reading abilities, although their
understanding of certain parts of the texts is
limited.

Test takers who receive a score at the INTER-
MEDIATE level typically

have a good command of common academ-
ic vocabulary but still have some difficulty
with high-level vocabulary;

have a very good understanding of gram-
matical structure;

can understand and connect information,
make appropriate inferences, and synthesize
information in a range of texts but have
more difficulty when the vocabulary is high
level and the text is conceptually dense;

can recognize the expository organization of
a text and the role that specific information
serves within a larger text but have some
difficulty when these are not explicit or easy
to infer from the text; and

can abstract major ideas from a text but
have more difficulty doing so when the text
is conceptually dense.
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Reading Low (0-14) Test takers who receive a score at the LOW
level, as you did, typically understand some of
the information presented in academic texts in
English that require a wide range of reading
abilities, but their understanding is limited.

Test takers who receive a score at the LOW
level typically

have a command of basic academic vocabu-
lary, but their understanding of less com-
mon vocabulary is inconsistent;

have limited ability to understand and con-
nect information, have difficulty recognizing
paraphrases of text information, and often
rely on particular words and phrases rather
than a complete understanding of the text;
have difficulty identifying the author’s pur-
pose, except when that purpose is explicitly
stated in the text or easy to infer from the
text; and

can sometimes recognize major ideas from
a text when the information is clearly pre-
sented, memorable, or illustrated by exam-
ples but have difficulty doing so when the
text is more demanding.

Appendix B*

What is a community?

The Black Hills forest, the prairie riparian forest, and other forests of
the western United States can be separated by the distinctly different
combinations of species they comprise. It is easy to distinguish
between prairie riparian forest and Black Hills forest—one is a
broad-leaved forest of ash and cottonwood trees, the other is a conif-
erous forest of ponderosa pine and white spruce trees. One has king-
birds; the other, juncos (birds with white outer tail feathers). The fact
that ecological communities are, indeed, recognizable clusters of
species led some early ecologists, particularly those living in the
beginning of the twentieth century, to claim that communities are
highly integrated, precisely balanced assemblages. This claim harkens

*TOEFL iBT test specifications require that passages such as What is a Community? and The
Discovery of the Planet Pluto be excerpted from published works such as college-level textbooks
or books of general academic interest. Passages may occasionally contain minor revisions to make
the excerpted material self-contained and suitable for testing.
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back to even earlier arguments about the existence of a balance of
nature, where every species is there for a specific purpose, like a vital
part in a complex machine. Such a belief would suggest that to
remove any species, whether it be plant, bird, or insect, would some-
how disrupt the balance, and the habitat would begin to deteriorate.
Likewise, to add a species may be equally disruptive.

One of these pioneer ecologists was Frederick Clements, who stud-
ied ecology extensively throughout the Midwest and other areas in
North America. He held that within any given region of climate, eco-
logical communities tended to slowly converge toward a single end-
point, which he called the “climatic climax.” This “climax” community
was, in Clements’s mind, the most well-balanced, integrated grouping
of species that could occur within that particular region. Clements
even thought that the process of ecological succession—the replace-
ment of some species by others over time—was somewhat akin to the
development of an organism, from embryo to adult. Clements thought
that succession represented discrete stages in the development of the
community (rather like infancy, childhood, and adolescence), termi-
nating in the climatic “adult” stage, when the community became self-
reproducing and succession ceased. Clements’s view of the ecological
community reflected the notion of a precise balance of nature.

Clements was challenged by another pioneer ecologist. Henry
Gleason, who took the opposite view. Gleason viewed the community
as largely a group of species with similar tolerances to the stresses
imposed by climate and other factors typical of the region. Gleason
saw the element of chance as important in influencing where species
occurred. His concept of the community suggests that nature is not
highly integrated. Gleason thought succession could take numerous
directions, depending upon local circumstances.

Who was right? Many ecologists have made precise measure-
ments, designed to test the assumptions of both the Clements and
Gleason models. For instance, along mountain slopes, does one life
zone, or habitat type, grade sharply or gradually into another? If the
divisions are sharp, perhaps the reason is that the community is so
well integrated, so holistic, so like Clements viewed it, that whole
clusters of species must remain together. If the divisions are gradual,
perhaps, as Gleason suggested, each species is responding individu-
ally to its environment, and clusters of species are not so integrated
that they must always occur together.

It now appears that Gleason was far closer to the truth than
Clements. The ecological community is largely an accidental assem-
blage of species with similar responses to a particular climate. Green



Pablo Garcia Gomez et al. 443

ash trees are found in association with plains cottonwood trees because
both can survive well on floodplains and the competition between them
is not so strong that only one can persevere. One ecological commu-
nity often flows into another so gradually that it is next to impossible to
say where one leaves off and the other begins. Communities are indi-
vidualistic.

This is not to say that precise harmonies are not present within
communities. Most flowering plants could not exist were it not for
their pollinators—and vice versa. Predators, disease organisms, and
competitors all influence the abundance and distribution of everything
from oak trees to field mice. But if we see a precise balance of nature,
it is largely an artifact of our perception, due to the illusion that
nature, especially a complex system like a forest, seems so unchang-
ing from one day to the next.

The discovery of the planet Pluto

Unlike Neptune, Pluto was discovered through a careful, systematic
search, not simply by turning a telescope toward a position calculat-
ed on the basis of gravitational theory. Nevertheless, the history of
the search for Pluto began with indications of deviations of the plan-
ets Uranus and Neptune from their predicted orbits. According to
gravitational theory, such deviations from predicted orbit, or pertur-
bations, would probably be caused by the gravitational pull of an
unknown planet beyond the orbits of Uranus and Neptune, and the
position and mass of that unknown planet could be calculated from
the deviations. Early in the twentieth century, several astronomers
became interested in this problem, including Percival Lowell, found-
er and director of Lowell Observatory in Arizona.

At the time Lowell made his calculations, Neptune had moved such
a short distance since its discovery that it could not be used effective-
ly to search for perturbations by an unknown planet. Therefore, Lowell
and his contemporaries based their calculations primarily on minute
irregularities in the motion of Uranus. Lowell’s computations indicat-
ed two places where a perturbing planet could be, the more likely of
the two being in the constellation of Gemini. He predicted a mass for
the planet intermediate between that of Earth and that of Neptune (his
calculations gave the predicted planet a mass of about 6.6 times the
mass of Earth). Other astronomers, however, obtained other solutions,
including one that indicated two unknown planets.

At his Arizona observatory, Lowell searched for the unknown planet
from 1906 until his death in 1916, without success. Subsequently,
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Lowell’s brother donated to the observatory a photographic telescope
that could record a 12-degree-by-14-degree area of the sky on a sin-
gle photograph. The new camera went into operation in 1929, and the
search was continued for the ninth planet.

Unfortunately, Gemini lies near the Milky Way (Earth’s galaxy),
and some 300,000 star images were recorded on each exposure. It
was an immense task to compare all the star images on each of two
or more photographs of the same field in the hope of finding one
image that changed position with respect to the rest, revealing itself
as the new planet. The job was facilitated by the invention of the
blink microscope, a device for comparing two different photographs
of the same region of the sky. The operator’s vision automatically
alternates between corresponding parts of the two photographs. If
the star patterns are the same on the two plates, the observer sees a
constant, although flickering, picture. However, if one object has
moved slightly in the interval between the times the two plates were
taken, the image of that object appears to jump back and forth as the
view shifts between the two plates. In this way, moving objects can
quickly be picked out from among thousands of star images.

In February 1930, Clyde Tombaugh, comparing photographs
made on January 23 and 29 of that year, found an object whose
motion appeared to be about right for a planet far beyond the orbit of
Neptune. It was within 6 degrees of the position Lowell predicted for
the unknown planet. The new planet was named Pluto, the god of the
underworld. (Appropriately, the first two letters of Pluto are the ini-
tials of Percival Lowell; this is about as close as one can come to
naming a planet for a person.)

Although in 1930 the discovery of Pluto appeared to be a vindica-
tion of gravitational theory similar to the nineteenth-century discov-
ery of Neptune, we now know that Lowell’s calculations were wrong.
When the mass of Pluto was finally measured, it was found to be
much less than that of the Moon. Such a small mass could not possi-
bly have exerted any measurable pull on either Uranus or Neptune.
Recently the Pioneer and Voyager spacecraft have penetrated beyond
the orbit of Pluto, and they show no drift that might be attributed to
an undiscovered mass. Further, a survey of the entire sky carried out
in 1983 by the Infrared Astronomical Satellite revealed no hidden
“Planet X.” Today it is generally accepted that the supposed pertur-
bations of Uranus and Neptune are not, and never were, real.
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