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1.

In this study we examined age differences in children and young adolescents’ use of
comparative text signals in order to gain insights into the development of signaling
knowledge. We predicted that differential patterns of age differences would be found
for readers classified as having low, middle, and high comprehension ability, and that the
middle group of comprehenders would have the greatest amount of variability with age.
4"-, 6-, and oh-grade readers’ use of words employed to mark comparative relationships
were compared by means of an open cloze. Results from analyses of competency of use
scores, indicated that readers in the middle comprehension group had a larger number of
significant increases in competency with age. Fewer age differences in overall competency
were found for readers in low and high comprehension groups. Analysis of individual signals
indicated that patterns of age differences may also vary in relation to the particular signal
being processed. The findings from this study suggest that readers’ overall comprehension
ability may influence the acquisition and use of text signals.
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Introduction

Signaling devices in text such as headings, preview statements, overviews, and logical

connectives facilitate comprehension by directing readers” attention to text topics

and their organization (Lorch, 1989; Meyer, 1975 and 1985a). They assist readers in
the construction of a coherent mental representation. Coherence, the establishment
of clear relationships among ideas remembered, is considered an essential indicator
of text comprehension (Kintsch, 2004; Rapp et al., 2007; Van den Broek et al.,
2004). Several studies have demonstrated the benefits of signaling. Reading texts
with signaling devices has been associated with greater recall of ideas and a greater
likelihood that the readers’ organization of those ideas will closely align the author’s
(Kardash & Noel, 2000; Loman & Mayer, 1983; Lorch & Lorch, 1985 and 1996a;
Lorch, Lorch & Inman, 1993; Mayer, Dyck & Cook, 1984; Meyer & Poon, 2001;
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Meyer & Rice, 1989; Ritchey, Schuster & Allen, 2008). By providing explicit indices
of importance and text structure, signals influence readers’ ability to identify essential
textual concepts and organize these ideas in a cogent manner.

Despite these benefits, the overall effectiveness of text signals may be constrained
by the comprehension ability of the reader. While some researchers have found
that both skilled and less skilled readers benefit from signaling (Loman & Mayer,
1983; Kardash & Noel, 2000), others have found that reading ability influences the
effectiveness of text signals. Meyer, Brandt and Bluth (1980) found that while signaling
did not benefit readers classified as highly skilled or low in skills, “underachievers”,
readers with high word reading ability but low comprehension skills, did benefit from
signaling. Similarly, Naumann et al. (2007) found that while signaling did not have
an effect on skilled readers’ essays, less skilled readers produced essays with a higher
quantity and quality of information when signaling was present. In examination of
sh-grade readers, Rossi (1990) found that both skilled and less skilled readers had
higher comprehension test performance and produced better summaries when reading
text with signaling. However, the relative benefits of different types of signaling
(underlining of macrosentences, headings in texts, and headings in margins with
underlining of macrosentences) varied in relation to readers’ comprehension ability.
While high comprehenders’ performance only improved when macrosentences (main
sentences) were underlined, low comprehenders had similar performance with all
types of signaling investigated. Thus, while signaling benefited both groups of readers,
skilled readers only benefited from certain signaling devices, suggesting that readers
with higher comprehension were less reliant on text signals.

This variability in the benefit of signaling may reflect, in part, readers’ need
and ability to recognize signaling words and use them to organize their own
understanding of a text. Highly skilled readers may possess a greater wealth of
comprehension strategies, including mastery of structure strategies. Meyer, Brandt
and Bluth (1980) suggested that readers who use a “structure strategy” approach
texts with the goal of identifying and using the overall rhetorical text structure to
organize their own understanding. Greater mastery of the strategy may then result
in less need to rely on the presence of signals. These skilled readers may approach
text with a structure strategy regardless of the presence of signaling. In contrast,
readers with poor comprehension skills may not possess the strategies needed to
make use of signaling (Meyer & Rice, 1989). The middle group of comprehenders
between these extremes may possess some understanding of strategies needed to
make use of signaling, but not mastery of these strategies. Meyer et al. (1998) found
that after initial structure strategy instruction, more proficient users of the structure
strategy demonstrated use of the strategy six months later regardless of whether
or not they read text with or without signaling of text structure. However, less
proficient users of the strategy could only match the performance of the proficient
students six months later when reading text with signaling (Meyer et al., 1998).
Thus, there appears to be a group between high and low skilled readers with some
understanding of signaling words and the structure strategy, but not mastery.
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The benefits of signaling may also be related to the challenge a text poses to
a reader. In the studies with interactions between signaling and reading skills
(Naumann et al., 2007; Meyer, Brandt & Bluth, 1980), participants who benefited
from signaling possessed reading strategies, but were confronted with texts that posed
a challenge for them. On the other hand in the study by Loman and Mayer (1983),
signaling aided participants regardless of reading skills; however, the readability of
the texts (estimated difficulty in terms of grade levels or reading ease and often based
on word frequency and sentence length) was adapted to participants’ reading abilities.
In their study, 10®-grade students with different reading skills read different texts,
while the g™-grade students in the Meyer et al. study all read the same texts. It is
possible that when less skilled readers, like those in the Loman and Mayer study,
are presented with texts more closely aligned with their current ability level, they
may be better able to take advantage of signaling. Thus, the effects of readers’ ability
and readers’ use of signaling may depend on the difficulty of the text.

Although several studies have examined adults’ and adolescents’ use of text
signaling, children’s use of signaling has been examined in relatively few studies.
Some researchers have found that younger readers benefit from text signaling (Lorch
et al., 2001; Ohlhausen & Roller, 1988; Rossi, 1990), and evaluations of text structure
interventions indicate that young readers’ knowledge and use of signaling devices
increase with instruction about the structure strategy (Meyer et al., 2010; Meyer,
Wijekumar & Lin, 2011). Nevertheless, the lack of research with elementary and
middle school readers makes it difficult to draw conclusions regarding the extent
to which these readers make use of text signals.

Understanding children’s sensitivity to signaling is particularly important in
consideration of one current theory of signaling, SARA (Signaling Available, Relevant,
and Accessible information) (Lemarié et al., 2008). According to Lemarié et al. (2008),
signaling can serve multiple information functions, such as indicating the organiza-
tion of text, providing emphasis, and denoting text topics. One of the determinants
of readers’ ability to benefit from signaling is accessibility, which refers to readers’
abilities to “attend consistently” to information provided by signals and the “ease
with which readers can use [this] information” in their processing of a text (Lemarié
etal., 2008: 43). Unlike adults, children may still be developing comprehension skills
and may lack the cognitive capacity to use signaling in text processing. Moreover,
children may still be developing their knowledge of the function of signaling devices,
including the ability to recognize the organizational relationships they describe. In
order to understand the effect that signaling has on younger readers, it is important
to investigate their knowledge of these signaling devices.

1.1.  Text structure signaling and connectives

The current study explored individual differences in children’s and young adolescents’
knowledge of one type of signaling devices, text structure signaling words. Text
structure signaling words are those words and phrases that explicitly denote the
structural relationship among text propositions, as well as serve as indicators of the
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overall rhetorical structure of a text (Meyer, 1975 and 1985b). Meyer (1985b) proposed
five major categories of signaling words/phrases: causation, collection (listing),
comparison, description, and response (problem-and-solution). These categories
reflect the expository text structures that they describe. The current study focused
on young readers’ knowledge of comparison text signaling words in the context of
informational texts. When using the term knowledge, we refer to readers’ abilities
to recognize and use appropriate signaling words. Comparison signaling words
were chosen because comparative relationships may present a challenge to young
readers, particularly in relation to the less difficult collection relationships (Englert
& Hiebert, 1984). In order to examine individual differences for the current study,
it was important to select a structure that readers had not already mastered.

Text structure signaling words are similar to logical connectives (also referred to
as coherence markings) and conjunctions. Logical connectives are words and phrases
that serve as explicit markers of coherence, expressing the nature of the relationship
between and among textual ideas (Degand & Sanders, 2002; Sanders, 1997; Spooren
& Sanders, 2008). Sanders and colleagues (e.g. Sanders, Spooren & Noordman,
1992; Sanders, 1997) have proposed a taxonomy of coherence relationships and their
connectives that consists of two basic functions, additive and causal, and several
different dimensions such as polarity, ordering, and goal (semantic vs. pragmatic).
Conjunctions are similar to logical connectives; both explicitly indicate relationships.
Halliday and Hasan (1976) classified cohesive relationships and their conjunctions into
four general types: additive, adversative, temporal, and causal. Unlike the connectives
described by Sanders and colleagues, Halliday and Hasan’s definition of conjunctions is
focused on the text itself, rather than on the underlying ideas represented by the text.

Although signaling words and conjunctions share some similarities, there are key
differences between the conjunctions classified by Halliday and Hasan (1976) and
the signaling words described by Meyer (1975 and 1985a). Meyer’s classification is
broad; it includes more structural relationships and classifies more textual elements
as signaling words beyond conjunctions and adverbial phrases. Although Halliday and
Hasan (1976) and Meyer (1975 and 1985a) include a category for comparative relations,
the nature of the category is different. Halliday and Hasan’s comparative category,
adversative, focuses solely on contrasting relationships. Adversative conjunctions
link two propositions, one of which expresses a refutation or a departure from the
expectation presented in the other. Meyer’s comparison category of signaling words
include words and phrases which indicate both similarities and differences, rather
than just differences. Moreover, the adversative (contrastive) relationships expressed
by comparison signaling words are much broader and include the introduction of
differences (e.g. on the other hand, unlike) among a list of compared entities. According
to the Halliday and Hasan categorization, conjunctions serving these purposes would
be considered additive relations. Although conjunction research based on Halliday
and Hasan’s classification can inform conclusions about children’s knowledge of
signaling words, these conclusions should be made cautiously given the differences
between their classification and Meyer’s.
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1.2.  Children’s knowledge of connectives

Previous research suggests that children have knowledge of connectives at fairly young
ages and that this knowledge increases with age (Cain, Patson & Andrews, 2005; Geva
& Ryan, 1985; Peterson, 1986) and reading ability (Bridge & Winograd, 1982; Cain,
Patson & Andrews, 2005; Geva & Ryan, 1985; Zinar, 1990). Knowledge of connectives
may develop in relation to the type of relationship. Certain connectives, specifically
additive relations, may be acquired before other more complex relationships like causals
(Cain, Patson & Andrews, 2005; Cain & Nash, 2011; Spooren & Sanders, 2008). This
continuum of acquisition is also reflected in studies of children’s knowledge of text
structure, which suggests that less structured relationships like a collection of descriptions
are mastered before more structured organizations like causation (Richgels et al., 1987).

Regarding comparative relationships, Cain, Patson and Andrews (2005) found
that children’s knowledge of adversatives, as measured by cloze tasks, was similar to
knowledge of additive relations and greater than temporal and causal relationships.
Nevertheless, performance on adversative, but not additive, connectives significantly
increased with readers’ age (Cain, Patson & Andrews, 2005). This suggested that
although contrasts may not present the challenge that causal relations do, readers
continue to improve in their ability to use these words. Similarly, Peterson (1986)
found that while both younger and older children produced “but” in oral narratives,
older readers made fewer errors and used the conjunction in more complex ways.

In regard to children’s use of connectives in relation to adults’ use, research findings
are somewhat mixed. Cain and Nash (2011) found that 10-year-olds performed similarly
to adults on a coherence judgment task. However, this similarity in performance
was qualified by the type of connective, with 10-year-old children having similar
performance on some relationships (e.g. adversatives) but not others. Other researchers
have found that children use these words in qualitatively difference ways from adults
(McClure & Geva, 1983), suggesting that while children have knowledge of these
words, they lack the sophistication of adults’ usage.

Overall, previous research suggests that school-age children should have
knowledge of comparison signaling words and should be able to identify when
a comparison word or phrase is needed. However, their expertise in using these
signaling words may still be developing, and as a resul, it is possible that accurate
use of text structure signaling words will increase with age, particularly for those
connectives which signal complex relationships. This may be especially true when
readers are asked to generate the signaling words, rather than select a choice,
as generation tasks may be more challenging than choice tasks (Cain, Patson &
Andrews, 2005). Moreover, using signaling words with expository texts may present
more of a challenge, as readers may have less experience with reading expository texts
(Duke, 2000). Although several studies have investigated the use of connectives in
narrative contexts (both oral and written), few studies have examined knowledge
of these words in expository texts (e.g. Zinar, 1990). Research conducted with
adults has found that the effect of connectives may vary in relation to text genre
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(Kamalski, Sanders & Lentz, 2008). It is possible that while readers demonstrate
competence in using signals in narrative contexts, abilities to use these same words
in an informational context may still be developing.

2. Focus of the current study

The goal of the current study was to examine age differences in elementary and middle
school readers’ knowledge of comparison text structure signals in order to gain insights
into the development of signaling knowledge. We sought to answer two central research
questions: 1) Does knowledge of comparison signaling words increase with age (as
measured by grade)? 2) Does overall comprehension ability moderate this increase?
In other words, do readers of varying comprehension ability demonstrate different
developmental patterns in knowledge of signals? We examined 4-, 6*-, and 9-grade
students’ knowledge of comparison text signals through the use of a cloze task. Cloze
tasks have frequently been used to measure knowledge and use of connectives (Cain,
Patson & Andrews, 2005; Cain & Nash, 2011; Geva & Ryan, 1985; Zinar, 1990). Unlike
these studies, however, we employed an open cloze, in which readers were asked to
generate a signaling word rather than selecting a word/phrase from a given list of
choices. This type of cloze was used in order to answer questions regarding the extent
and quality of readers’ signaling knowledge. By eliciting reader-generated responses,
we hoped to capture not only readers’ ability to produce a target-like response, but
also readers’ level of competence in using signaling. In relation to competency, we
were interested in the degree to which readers could generate signaling words that
matched both the semantic and syntactic constraints of the text.

Although both age and overall comprehension ability have been considered in
previous connectives research, few studies have examined these predictors jointly.
Consideration of both of these factors is important because readers’ overall com-
prehension ability may influence the development of text processing skills. In a
longitudinal study of children’s text processing skills, Vauras, Kinnunen and Kuusela
(1994) found that readers’ initial comprehension abilities predicted their growth in
coherence building processes; highly skilled readers had greater gains than readers
who were classified as less skilled. This influence is similar to a Matthew effect
(Stanovich, 1986), in which the difference between skilled and less skilled readers
increases over time due to the quality and quantity of their reading experiences.
In contrast, in a study of reading achievement in middle school students, Rescorla
and Rosenthal (2004) found that differences among readers initially classified as
skilled and less skilled decreased over time. Their findings suggest that for young
adolescents, overall reading ability has a greater impact on growth for less skilled
readers, rather than skilled. Still other researchers have failed to find any influence
of overall comprehension ability, finding that skilled and less skilled readers made
comparable gains (Shaywitz et al., 1995). Taken together, these studies suggest that
the relationship between age and reading ability may be complex, and the extent
to which overall comprehension ability influences age differences remains unclear.
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In relation to the development of signaling word knowledge, we predicted that
knowledge would increase from earlier to later grades. Although previous research
supports increases in knowledge of text structure signaling, some research (e.g. Cain
& Nash, 2011) has suggested that readers acquire the ability to use these words
during elementary school. Thus, it is possible that while knowledge increases with
age, signaling word knowledge will maximize at a certain age, after which little
improvement would occur. We believed that the generation task would assess
a deeper level of knowledge than that measured by choice tasks, and as a result,
increases in knowledge would be found from the lower to higher grades.

In establishing hypotheses regarding the relationship between age and com-
prehension ability, we relied on previous research of younger readers’ sensitivity to
signaling devices in general. Following the approach of Meyer, Brandt and Bluth
(1980), we used the same text materials for different ability groups to control for
variability in text characteristics. Previous research that used the same texts for
all reading abilities, suggests that the middle group of readers is most variable in
proficient use of strategies related to signaling (Meyer, Brandt & Bluth, 1980). The
materials used in this study were written at an upper §*- to 6™-grade level and as
such the variability in challenge would be greatest for the middle ability readers at
all grade levels. For this middle ability level of readers, we expected to see greater
changes over the grades with increasing proficiency in signaling word use.

The most proficient readers across the grades were expected to show less vari-
ability in performances than middle ability readers. Previous research of children’s
knowledge of connectives has suggested that younger readers may acquire signaling
word knowledge at an early age. We predicted that less variability among higher
ability readers may be due to early mastery of text structure signaling words among
this group. Low ability readers across the grades were expected to have few reading
comprehension strategies related to text structure and less variable performance
across grades. Additionally, the text and task may be too challenging at all grade
levels for low-skill readers. Thus, we predicted an interaction between reading
comprehension ability and grade level on the cloze tasks, in which patterns of age
difference varied in relation to readers’ overall comprehension skill.

3. Method

3.1.  Participants

Participants consisted of 360 students from the same school district in a small
northeastern US city: 121 4*-, 158 6®-, and 81 9"-graders participated. Students
ranged in age from 9.0 to 16.0 years [4"-grade M =9.08, 6"-grade M=11.96, 9"-grade
M=14.84]. The 4*- and 6™-graders attended one of the district’s elementary schools,
while all of the district’s g™-grade students attended one combined middle and high
school. Participants were classified into one of three comprehension ability groups:
low, middle, and high on the basis of performance on a standardized test of reading
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comprehension administered at the beginning of the study (Gray Silent Reading
Test [GSRT]; Wiederholt & Blalock, 2000). The GSRT is a multiple choice test
in which students answer questions about thirteen passages of increasing difficulty
(form reliability is .95). Table 1 contains GSRT scores for each grade. Within each
grade, students were grouped according to z-scores calculated from students’ raw
scores. Students with z-scores of 0.55 or higher were placed into the high group;
readers with scores between -o0.55 and o.55 were placed into the middle group and
readers with z-scores of -o0.55 or lower were classified as low.

Grade Age Raw GSRT G.E. GSRT A.E. GSRT
M SD M SD M SD M SD
4 9.80 0.1 25.20 11.37 4.16 2.76 10.01 2.74
11.97 0.52 34.18 13.43 6.63 3.78 12.49 3.80
9 14.84 0.58 43.65 13.02 9.46 3.57 15.33 3.60

Table 1. Raw, grade equivalent, and age equivalent scores on GSRT''

3.2. Procedures

Students completed experimental tasks within intact classrooms during the school
day. The data collected in this study were part of a larger study examining school-age
children’s knowledge of expository text structures and measures for assessing this
knowledge. Most students completed all study materials during one session; however
due to scheduling problems some students (n=63, 17.9%) completed the reading
comprehension test (GSRT) in a separate session. All texts and tasks were contained
within a written packet of material, which also included instructions for each task. In
addition to the comparison texts, students also read problem-and-solution texts, which
did not contain signaling cloze, and were not analyzed as part of the current study.

3.3. Cloze task and texts

For the cloze task, six comparison texts were generated. Three comparison texts
were designed to be equivalent. These texts contained similar topics involving the
comparison of two types of the same animal (turtles, primates, penguins) on several
issues including: size, appearance, diet, and habitat. All animals were compared on
the same issues. Other texts were created by adapting passages from a §"-grade social
sciences textbook (Berson, 2003). These texts were historical in nature and included
topics such as the American Revolution and Mount Rushmore. The cloze tasks
associated with these texts were not included in the current study. In order to make
judgments of signaling knowledge, we wanted to hold text factors as consistent as
possible. Previous studies have shown that the effectiveness of signaling may vary as
a function of text familiarity, complexity, and length (Lorch, Lorch & Inman, 1993;

1. G.E.=grade equivalent, A.E.=age equivalent.
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Lorch & Lorch, 1996b). The excluded historical texts varied considerably in length
(97 to 182 idea units) and readability (Flesch Kincaid grade levels: 7.1 to 9.0) from
both one another and the equivalent comparison texts. Because we were interested
in issues related to reader characteristics, we wanted to minimize the possibility that
textual differences could influence outcomes.

The equivalent texts were each short 2-paragraph texts of 126 words. Each text
was parsed according to Meyer’s (1985b) method of content analysis, and contained the
same number of propositional idea units (91 units). The readability of these texts was
similar, Flesch-Kincaid grade levels (Flesch, 1948; Test Your Document’s Readability,
2007) ranged from §.4 to 6.1. Each text contained the same four comparative signaling
words, “different”, “unlike”, “smaller/larger”, and “same as”. These words appeared in
the same locations within each text. Figure 1 contains one of the cloze passages used
(penguins). For the primate text, the word “larger” rather than “smaller” was used to
introduce a size difference between the animals, as the bigger primate was discussed
after the smaller. For the other two passages, the larger animal was discussed first.
In order to generate each cloze, these words were deleted from each of the text and
replaced with a blank. No other conjunctions/connectives in the text were manipulated.

Emperor penguins and Adelie penguins are from one another. Emperor
penguins are the largest of all the penguins. They may grow up to 4 feet tall and
can weigh more than 9o pounds. They have yellow necks and long beaks. Emperor
penguins live in icy Antarctica. The emperor penguins feed mainly on fish and squid.

the large emperor penguins, Adelie penguins are ;
some Adelie penguins grow only about 2 feet high and others reach 3 feet. An Adelie
penguin has a short beak and feathers that cover most of it. They have no feathers
on the tips of their beaks. Adelie penguins feed almost entirely on krill, which are
part of crustaceans. The as emperor penguins, Adelie penguins live
in icy Antarctica.

Figure 1. Penguin cloze

The equivalent texts on the three topics were counterbalanced to appear as
the second, fifth, or final tasks in the packet, resulting in three orders. Students
were randomly assigned to one of these three orders. Immediately prior to the first
comparison text, students were given a short practice item. The example cloze used
description/collection signaling words (also, in summary) rather than comparison so
as not to influence performance on the signaling tasks. Students were instructed to
complete the texts by writing an appropriate word into each blank and were then
asked to write a good main idea of less than two sentences for the text. An example
response appeared after the sample item, demonstrating the correct answer for the
cloze responses as well as providing a sample main idea. Before reading the first
comparison text, written instructions were repeated. Instructions did not specifically
ask students to provide “signaling words” or “conjunctions”. Students’ main ideas
were not analyzed as part of this study.
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3.4. Missing data

Students were asked to complete several reading tasks within one session. As a result,
several students (n=6, 15%) did not complete the final task in the packet, which
was one of the equivalent comparative texts. Due the large amount of missing data,
only the responses for the first two equivalent comparative texts were analyzed. All
other incomplete items received a score of 0. Due to random assignment of the
three text topics to the three orders: second, fifth, and final tasks in the packet,
about a third of each topic appeared on the second and fifth task. There were no
significant interactions between order/topic and the factors of interest in this study,
comprehension ability and grade. The dependent measure (signaling competency)
was summed over performance on the parallel texts from the second and fifth tasks,
and order/topic will not be considered further in this study.

3.5. Scoring

In order to measure readers’ knowledge of comparative text signals, each response was
scored using a competency of use scale. The signaling competency scale, developed
by Meyer and colleagues (e.g. Meyer et al., 2010; Meyer, Wijekumar & Lin, 2011),
is designed to measure readers’ degree of expertise in using signaling words and
phrases. Specifically, the scale evaluates the extent to which readers produce the
target response. Scores on the scale ranged from 1-7, with scores of 3-7 indicating
that a signaling word was produced, and scores of §-7 indicating that a signaling
word was used that expressed the correct comparative relations. In order to receive
a score of 7, readers had to produce the target. Responses received scores of 1-2 to
indicate use of a non-signal, content word. The internal consistency of the signaling
competency scale, calculated by using Cronbach alpha, was 0.82.

Students received two types of scores. The first, a total signaling competency
score measured students’ overall knowledge of comparative signaling. Total scores
were calculated by summing across all responses for both comparison texts (56 points
total). Students also received individual signaling word competency scores. Word
scores were calculated in order to determine whether knowledge of signaling words
varied across different types of signaling words. We created a score for each signaling
word/phrase (“different”, “unlike”, “smaller/larger”, “same as”), by summing ratings
for each type of signaling word across both passages, resulting in four word scores
(a total of 14 points possible for each).

4. Results

4.1.  Overall signaling competency

In order to analyze readers’ overall signaling competency, a two-factor ANOVA
was conducted on total signaling competency scores with grade (4®, 6™, and 9*)
and comprehension group (low, middle, and high) as predictors. For all statistical
tests alpha was set at 0.05, and exact p values are reported, except when p<.oor.
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Analyses revealed a main effect for grade, F(2, 351)=15.40, p<.oo01, n*=0.08, and
reading group, F(2, 351)=29.82, p<.oo01, n*=.14, as well as a significant grade x
reading group interaction, F(4, 351) =3.66, p=.006, n*=0.04. Table 2 contains total
competency scores for each grade. Post-hoc comparisons for grade levels were
conducted using Tukey HSD. Competence of signaling use increased with grade;
6™-graders and 9™-graders had higher signaling competency scores in comparison
to 4™-graders, p<.oor. Although g™-graders tended to have higher competency
scores than 6™-graders, this increase was not significant, p=.114. Because the effect
of grade was qualified by a grade x reading group interaction, we examined the
effect of grade within the high, middle, and low comprehension ability groups
(see Figure 2).

Comprehension | n M SD
group

Grade 4 I 32 18.22 8.02
2 54 21.11 8.93
3 35 30.17 9-33
M 121 22.97 9.96
Grade 6 I 51 25.75 14.73
2 50 28.88 9.12
3 57 34.98 12.78
M 158 30.07 12.99
Grade 9 1 18 19.78 1L.72
2 42 36.33 12.48
3 21 38.57 16.01
M 81 33.23 15.04

Table 2. Total signaling competency by grade and comprehension group?

Tests of simple main effects indicated a significant main effect for grade for the
low, F(2, 98) = 4.04, p=.021, n*=.08, middle, F(2, 143)=26.85, p<.001, n*=.27, and
high reading groups, F(2, 110)=3.20, p=.044, n*=.05. For the low comprehension
ability group, 6™-graders had significantly higher scores than 4™*-graders, p=.023.
There were no other significant grade differences in signaling competency scores for
the low comprehension group. For the middle group of comprehenders, 6™-graders
had higher scores than 4"-graders, p<.oor. g"'-graders had higher scores than both
6" (p=.002) and 4™-graders, p<.oor. Although there were grade increases in

2. 1=low, 2=middle, 3=high.
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signaling competency within the high ability group, the only significant difference
between grades, was between 9™- and 4™-graders, with 9"-graders having higher
competency scores than 4®-graders, p=.044.

40

w
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=—#=—High
Middle

== Low

Mean Total Signaling Competency Score
1)
o

10 +

=

6
Grade

w

Figure 2. Total signaling competency scores for low, middle,
and high comprehension groups

4.2.  Competency for individual signals

In order to examine the effect of grade and comprehension ability on competency
using particular comparison signals, a multivariate analysis of variance (MANOVA)
was conducted on word signaling competency scores (“different”, “unlike”, “smaller/
larger”, “same as”). Multivariate tests indicated a significant effect for grade, F1(8,
696)=7.09, p<.ool, n*=0.07, and comprehension skill (8, 696)=9.00, p<.oor,
n*=0.09. Univariate ANOVAs were conducted for each of the four words separately.
Table 3 contains descriptive statistics for each signaling word at each grade by

reading ability level.

For the word “different”, there was a significant main effect for reading group,
F(2, 351)=17.39, p<.001, n*=.09, but no main effect for grade, F(2, 351)=1.40,
p=.247, n*=.oL. The grade by reading group interaction was not significant, F(4,
351)=1.78, p=.132, n*=.02. Readers in the high (M=12.67, SD=3.24) and middle
(M=11.76, SD=3.86) comprehension groups had significantly higher competency
scores for using “different” than readers in the low group (M=9.53, SD=4.95),
p<.oor. However, the difference between the high and middle comprehension
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groups was not significant, p=.094. Signaling competency scores were significantly
higher for “different” than for the other three signaling words (p<.oor).

Different Unlike Smaller/Larger | Same as
M SD M SD M SD M SD
Grade 4 I 9.34 4.58 2.66 2.03 3.19 2.19 3.03 3.53

2 10.50 4.67 2.74 2.08 4.39 3.01 3.48 3.44

3 .97 | 263 | 3.94 2.93 594 | 3.93 731 | 547

M 10.91 4.36 3.07 2.39 4.52 3.27 4.47 4.50

Grade 6 I 10.14 4.92 5.04 4.09 5.57 4.1§ 4.92 4.73

2 12.26 3.85 4.80 3.92 7.14 3.84 4.68 4.14

3 12.77 3.48 7.02 4.23 8.33 4.42 6.86 4.83

M 11.76 4.24 5.68 4.07 7.06 4.29 5.54 4.67

Grade 9 I 8.94 4.56 3.78 3.80 4.06 3.80 3.00 3.69

2 13.00 2.24 7.57 4.45 9.02 4.33 6.74 5.08

3 12.86 3.09 8.76 6.07 9.38 .12 7.57 4.81

M 12.06 3.49 7.04 5.07 8.o01 4.88 6.12 4.99

Table 3. Signaling competency for each word by grade and comprehension group?

For the word “unlike”, there was a significant main effect for reading group,
F(2, 351)=12.39, p<.001, n*=.066, and grade, F(2, 351)=24.24, p<.001, n*=0.12,
which was qualified by a significant grade by reading group interaction, F(4,
351)=2.96, p=0.020, n*~.033. Analyses of simple main effects indicated that there
was a significant effect for grade for low, F(2,98) =4.59, p=.012, n*=.09, middle,
F(2,143) =23.94, p<.00I1, n*=0.25, and high ability groups, F(2,110)=9.48, p<.oo1,
n*=.o15. A post-hoc comparison of grades revealed varying patterns of age differences
within each reading group. For the low comprehension group, the only significant
difference was between the 6®- and 4™-graders, p=.009, with 6™-graders receiving
higher competency scores. For the middle ability group, a significant increase in
ratings was found across all groups with 6"-graders having higher scores than
4™-graders, p=.007. g™-grade readers in the middle group had higher scores than
both 6"- and 4™*-graders, p<.oo1. For the high comprehension ability group, both
6™- and 9™-graders had higher performance than 4"-graders, p=.003. 9"-grade,
high ability readers also had higher scores than 4*-grade, p<.oo1, but the difference

3. Comprehension group: 1=low, 2=middle, 3=high.
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between 6™- and g™-grades in the high group was not significant, p=.254. Figure 3
displays the grade means and significant interaction for “unlike”.
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Figure 3. Signaling competency scores for “unlike” for low, middle,
and high comprehension groups

For the word “smaller/larger”, there was significant main effect for reading group,
F(2, 351)=20.34, p<.oo1, n*=o0.10, and grade, F(2, 351) =17.95, p<.00I, n*=0.09.
However, the interaction between reading group and grade was not significant, F(4,
351) =2.10, p=.081, n*=0.02. A comparison of grades revealed that both ¢~ and
6*-graders had significantly higher competency scores in comparison to 4™*-graders,
p<.oor; but the difference between 6"- and 9"-graders was not significant, p=.179.

For the phrase “same as”, the main effect for reading group, F(2, 351) =15.19,
p<.oo1, n*=.08, was significant while the main effect for grade, F(2, 351)=1.87, p=_155,
n*=.o11, was not. There was a significant grade by reading group interaction, F(4,
351)=2.59, p=.038, n*=.03 (see Figure 4). An examination of simple main effects,
revealed a main effect for grade for only the middle group of readers, F(2,143) =7.14,
p=.001, n*=.09. There was no significant main eftect for grade for the low and the
high comprehension groups. A comparison of grades within this middle group
indicated that g™-graders had significantly higher competency scores than 4™*-graders,
p=.0o1. There were no other significant differences between the grades within the
middle group.
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Figure 4. Signaling competency scores for “same as” for low, middle,
and high comprehension groups

5. Discussion

We hypothesized that although signaling knowledge would increase with age, this
increase would be influenced by the overall comprehension ability of the reader.
Readers of varying overall comprehension skill levels would have differential devel-
opmental patterns, which would reflect the role that comprehension skill plays in
the use of signaling. We predicted that readers of high and low comprehension
ability would have the least amount of variability with age, while middle ability
readers would have the most variability and growth with age. With regard to overall
knowledge of comparison signaling, readers” overall comprehension ability influenced
age differences in patterns similar to those predicted for low, middle, and high
comprehension skill groups.

For low reading comprehension ability students few grade differences were
found; the only significant increase with age was the higher signaling scores of
6™-grade in comparison to 4"-grade. 6™-graders also had better performance than
g*-graders, although this difference was not significant (p=0.192). For this group of
readers, the oldest students, 9™-graders, demonstrated signaling knowledge similar
to the youngest, 4™-graders. It is possible that this finding reflects less variability
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in signaling word knowledge among low skill readers. This low variability across
grades, coupled with a lower performance overall for this group, suggests their lower
comprehension skills may inhibit their ability to develop knowledge of these words.

For readers in the high comprehension ability groups, there were also few
significant increases with age. The only significant increase with age in overall quality
of signaling competency was between the oldest readers, 9"-grade, and the youngest
readers, 4"-grade. For highly skilled readers, signaling knowledge was fairly stable
across all grades. Given the higher competency scores of this group, it appears that
highly skilled readers achieve knowledge of comparison signals at a fairly young
age. For these readers few age differences may be the result of a maximization of
comparative signaling knowledge. However, without an adult comparison group, it
is difficult to determine whether these readers had achieved adult-like competency.

In terms of overall knowledge of comparison signaling, the middle comprehension
group had the most consistent increases in signaling competency with grade. Significant
increases in the generation of comparative signaling words were found at both 6- and
9™-grades. As predicted, the middle reading comprehension skill group had more
significant increases in signaling with age than both high and low skill comprehenders.
Unlike readers in the high ability group, it does not appear that signaling knowledge
maximizes for this group of readers, rather steady increases can be found across
grades. At 4"-grade, average readers had significantly lower scores in comparison to
highly skilled readers (p<.ooo1), however, at g*-grade, the difference between middle
and high ability groups was not significant (p=.80s). This pattern suggests that at
younger ages, differences among these two ability groups may be larger than at older
ages. The opposite pattern emerged for middle and low skilled readers. At 4™- and
6™-grades, the difference between these groups was not significant (p=.309 and p=.418,
respectively). In comparison, at g™-grade, the middle comprehension ability group
had significantly higher competency scores in comparison to the low group (p<.oor).
With additional years of schooling and increased exposure to expository texts, average
readers may make steady gains in their use of signaling words, eventually achieving
competency similar to that of highly skilled readers. Unfortunately, we did not collect
data on readers in grades higher than 9"-grade, but it is possible that average readers
experience similar maximizing of signaling knowledge as found with skilled readers.
The data shown for 9"-grade in Table 3 in the bottom rows under “different” suggest
that this may be happening for the easiest comparative signaling word in this study.

Three different developmental patterns emerged for the low, middle, and high
comprehension groups. These patterns share some similarities with those found
in previous comprehension research. Readers with low levels of comprehension
skills had consistently lower competency in using signaling words, in comparison
to the highly skilled readers. Similar to Vauras, Kinnunen and Kuusela (1994), there
was little difference among grade levels for the low ability group. Unlike Vauras,
Kinnunen and Kuusela (1994), there were also few significant improvements with
age for the high comprehension ability group. This difference in findings may be
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because signaling knowledge is one component of a larger array of comprehension
processes in which readers engage. As a result the complexity involved in acquiring
signaling knowledge may be less than overall text processing, which involves the
coordination of numerous processes. While skilled readers appear to have early
acquisition of comparison signals, readers with low comprehension skills consistently
have more difficulty using comparison signals.

Readers in the middle comprehension group had consistent increases with age.
Moreover, at lower grades these readers were more similar to less skilled readers, while
at later grades they were more similar to highly skilled readers. This developmental
pattern is somewhat similar to Rescorla and Rosenthal’s (2004) findings of decreased
differences between readers at later grades. This pattern also suggests that average
readers move from relatively low competency to relatively high competency with
age. Overall, the different patterns of age differences for each reading ability group
in this study point to the importance of accounting for comprehension ability in
future studies about younger readers’ sensitivity and use of signaling.

5.1.  Knowledge of individual signals

An examination of individual comparison signals suggests that the influence of
comprehension ability on signaling knowledge development may vary in relation to
the signal itself. For the word “different”, there were no significant age differences,
and performance on this particular word was higher than performance on the other
signal words. It is possible that competency in using some signaling words is acquired
early, and that these words are fairly easy to use, while other signaling words pose
more of a challenge to readers.

In the case of the word “different”, this word identified the most basic comparative
relationship expressed in the passage and the overall topic of the passage (two
animals that are different from one another). When the comparative relationship
is relatively more salient, readers may be more able to identify and express the
comparative relation. In contrast, the other words, “unlike”, “smaller/larger”, “same
as”, were all contained in sentences that described a particular point of comparison,
in which the comparative relationships expressed were more specific and complex.
Moreover, contrary to the word “different” the other signal words were contained
in points of comparison located lower in the hierarchical structure of the text.
Readers’ abilities to produce these words may be more greatly influenced by their
overall structural knowledge. Younger and less skilled readers’ ability to perceive
and use the comparative text structure is still developing (Englert & Hiebert,
1984; Meyer, Brandt & Bluth, 1980). Thus, those signals that are more reflective
of readers’ abilities to use a “structure strategy,” such as comparing two animals on
a number of parallel specific issues, will also have more variability in terms of age.

For both “unlike” and “same as” a significant comprehension ability by grade
interaction was found, suggesting that patterns of age differences varied in relation
to the overall comprehension ability of the readers. In the case of “unlike”, the
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pattern of results (Figure 3) was similar to the pattern for total competency
scores shown in Figure 2. For “unlike” the pattern was more salient for older
grades in the high ability group. Both 6™- and 9"-graders showed significantly
more competence than 4"-graders. For the word “smaller/larger,” the grade by
ability interaction failed to reach significance, but the data revealed a pattern of
results similar to the word “unlike”. However, for the phrase “same as” a different
interaction pattern was found (Figure 4). Overall there were no age effects, but
a significant grade by ability interaction showed large age effects between the
oldest and youngest grades in the middle ability group. Although this interaction
pattern varied somewhat from the others, it also supported the predicted greater
variability and growth in signaling competency across grades for middle ability
readers than for high or low ability readers. Given that competence increases
across grade levels were only significant for middle ability readers along with no
evidence for maximized competency for the best readers, it is possible that this
signal was particularly challenging.

The “same as” signal is in the initial position of an adverbial dependent clause in
the last sentence of the two-paragraph text (e.g. “The same as the emperor penguins,
Adelie penguins live on Antarctica’s pack ice”). Contrary to our findings, McClure
and Geva (1983) reported that the initial position in a dependent clause with the
conjunctive “although,” was easy for 4-, 6"-, and 8"-graders and demonstrated no
age effects. A difference between this earlier study and our study was the task that
participants completed. In McClure and Geva’s (1983) study, readers selected among
several alternative conjunctions, while in our study readers generated signaling words
to complete a cloze. A more important difference was probably the complexity of
the materials. The earlier study involved a two-clause sentence while our study
involved a two-paragraph text, where the linked information labeled with “same as”
required linking the information in the last sentence of the first paragraph about
the habitat of one penguin to the last sentence in the second paragraph about the
habitat of the other penguin.

Although previous connectives’ research has indicated that children’s knowledge
of connectives varies with regard to the type of relationship expressed (Cain & Nash,
2011), our findings suggest that within a particular category of connectives readers’
knowledge may vary. Our results suggest that children’s knowledge of particular
types of text signals may not be constant. In certain contexts, it appears easier for
readers to determine which signaling word to use and to apply it appropriately.
There may be several reasons for this varying competence in the use of comparative
signaling. Readers may possess greater understanding of the meaning of some
signaling words in relation to others. However, it’s unlikely that variability in
performance is due to differences in readers’ vocabularies alone, as all four words
used in this study were high frequency words to which all students were likely
exposed. The difficulty in using some comparative signals in relation to others is
likely related to inter- and intra-sentential relationships contained in the text. For
those sentences which contain a complex comparative relationship, such as those in
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which two entities are compared or contrasted on a particular issue, it may be more
challenging for readers to perceive and label this relationship with the appropriate
signaling words. Moreover, those relationships that are represented at the top of
the hierarchical structure of the text, organizing the whole text, may be easier for
readers to perceive and mark.

The signaling word “different” was the only comparative signal that was not
affected by grade level and showed the best usage by the students. As previously
mentioned, the differences in scores and patterns of effects for the word “different”
versus “unlike” and the other two signals may be due to the type of comparison
(global vs. local) and/or overall text organization (comparison at the top of the
hierarchical structure vs. more subordinate in the text structure). However, other
explanations need further exploration, such as lexical reasons (differential depth
of knowledge about the signals; e.g. “different” is a much more frequent word in
American English than the other three signaling words [Davies, 2011]), syntactic
reasons (subordinate adverbial clauses were the locations for “unlike” and “same
as,” but not for the other two signals), or local focus between adjacent sentences.
McClure and Geva (1983) reported that 4®-grade students tended to ignore lexical,
syntactic, and discourse constraints, while 8™"-graders were much more aware
of syntactic constraints in the use of the conjunctions “but” and “although” at
initial or medial positions within a sentence. In contrast, most, but not all, of
the proficient adults in McClure and Geva’s (1983) work appeared to be aware of
the role of “but” and “although” in marking focus (background vs. foreground),
which indicated an understanding of what was most important between adjacent
sentences. Also in the McClure and Geva (1983) five-related studies, 4*-graders
showed good use of “but” and “although” in recognition tasks to mark a comparative
relationship, but relied on content (propositional salience) in selecting a sentence
that would follow a complex sentence, which contained clauses interrelated by “but”
or “although”. Instead of using content for this experimental task, the 8*-graders
paid more attention to form, but just of order/proximity, rather than syntax or
lexical alternatives. In our study “unlike” and “same as” were to be generated for
the initial words in subordinate clauses. These subordinate clauses provided old/
background information, rather than new topic information that was conveyed
by the major clause in the sentence. McClure and Geva (1983) found that both
4"- and 8*-graders ignored local focus. Thus, the differential proficiency in use
of the four signaling words in our study seems more likely due to differences in
global, hierarchical text structure, syntax, or lexical knowledge rather than local
focus. Clearly further research is needed in this area.

Our findings suggest that younger readers’ ability to correctly perceive and
use signaling words may be closely tied to the textual context in which they
occur. Previous research with adults has suggested that signaling may be more
beneficial with shorter and less complex texts (Lorch, Lorch & Inman, 1993),
as well as texts containing more unfamiliar topics (Lorch & Lorch, 1996b).
When considering the facilitative effect of signaling with children, it is also
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important to consider the type of relationship indicated. Younger readers have
more difficulty perceiving more structurally complex text structures (Richgels
et al., 1987; Englert & Hiebert, 1984), and experience more difficulty in marking
these relationships with connectives (e.g. Cain, Patson & Andrews, 2005). It is
possible that younger readers may have less sensitivity to text signaling which
indicates these relationships. Additional research is needed to determine whether
the type of coherence relationships signaled affects the relative benefits of signaling
for younger readers.

5.2. Limitations

Although the findings from this study can provide insights into developmental
differences, caution should be taken in making conclusions about comprehension
development based on this cross-sectional comparison of grade levels. It is possible
that the differences found in this study are related to cohort differences rather than
true developmental patterns. Nevertheless, given that students’ performance on the
GSRT is similar to students of their age and grade when compared to a normed
sample, there is evidence that these students are representative of children of similar
ages. Future research, employing a longitudinal design is needed in order to make
stronger claims about development.

5.3. Conclusion

Younger readers’ use of comparative text signaling appears to increase with age for
readers of average comprehension ability. Highly skilled readers have such a high
level of competency that little improvement may be seen with age, while readers
with low comprehension ability may not be able to gain competency given their
overall difficulties in comprehending expository texts. It is important to note that
no ceiling effects were found. No reading group at any age achieved mastery in their
use of comparison signaling. Overall, the results of our study suggest that younger
readers’ ability to make use of text signaling is related not only to their age, but
also to their overall comprehension skill. Future research of children’s sensitivity
to text signaling must account for these sources of individual differences. Also, the
differential patterns across age and ability found in our study for competency in
using signals may aid studies adapting instruction about signaling and text structure
to the needs of subgroups of students.
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