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Abstract Skill in generating inferences predicts reading comprehension for students in the
elementary and intermediate grades even after taking into account word reading, vocabulary
knowledge, and cognitive ability (Cain et al., Journal of Educational Psychology, 96, 671-81,
2004; Kendeou et al., Journal of Research in Reading, 31, 259-72, 2008; Oakhill and Cain,
Scientific Studies of Reading, 16(2), 91-121, 2012; Oakhill et al., Language and Cognitive
Processes, 18, 443—468, 2003). While research shows that struggling readers are less likely
than proficient readers to make inferences when reading text (Cain et al., Memory and Cognition,
29, 850-859, 2001; Oakhill, British Journal of Educational Psychology, 54, 31-39, 1984),
struggling readers may also benefit more from inference instruction than do proficient readers
(Hansen and Pearson, Journal of Educational Psychology, 75(6), 821-829, 1983; McGee and
Johnson, Educational Psychology, 23(1), 49-59, 2003; Raphael and Pearson, American
Educational Research Journal, 22(2), 217-235, 1985; Yuill and Oakhill, Applied Cognitive
Psychology, 2, 33-45, 1988). This synthesis assessed (a) the effectiveness of inference
instruction in improving reading outcomes for struggling readers and (b) the features of
instructional interventions (e.g., duration, type of instruction) that were associated with
improved outcomes. One single-case design and eight experimental group design studies
were synthesized. Mean effect sizes for group design studies ranged from g=0.72* to g=1.85*
for researcher-developed measures of inferential reading comprehension and from g=-.03 to
g=1.96* for standardized measures of reading comprehension. The percentage of non-
overlapping data for the study that employed a single-case design was 100 % for all measures.

Keywords Reading comprehension - Inferences - Background knowledge -
Learning disabilities - Reading difficulties

Reading with comprehension involves constructing a coherent representation, or situation
model, of a text in memory (Graesser et al. 1994; Kintsch 1998). Rapp et al. (2007) describe a
situation model as a “network, with nodes that depict individual facts and events, and
connections that depict meaningful relations between them” (p. 292). Coherence reflects the
degree to which appropriate, meaningful connections are established between information in
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the text, and between information in the text and the reader’s prior knowledge. These
connections are known as inferences. To read with understanding, the reader not only has to
remember literal details but also to generate inferences in order to discover implicit meanings
and create a coherent situation model.

A number of correlational studies provide evidence that a student’s skill in generating
inferences is highly predictive of his or her reading comprehension. In a study of 4-, 6-, and 8-
year-olds, inference skill explained variance in reading comprehension even after taking into
account word reading and vocabulary knowledge (Kendeou et al. 2008). In another study of
8-, 9-, and 10-year-olds, inference and integration skill predicted reading comprehension after
controlling for word reading, vocabulary, and cognitive ability (Cain et al. 2004).

The importance of inference generation skill for reading comprehension is reflected in the
new Common Core State Standards (Common Core State Standards Initiative 2010). The
standards not only require students to “read and comprehend literary and informational texts
proficiently and independently” but also to determine central ideas or themes, to analyze how
and why individuals, events, and ideas develop and interact, and to assess the ways in which
point of view or purpose shapes the content and style of a text. Students are expected to analyze
the implicit “how” and “why” of texts, not just to identify the explicit “who” and “what.” For
more information on the English Language Arts Common Core State Standards, see Fig. 1.

There is increasing evidence to suggest that struggling readers have particular difficulty
generating inferences and that inference-making difficulty is actually a cause of comprehen-
sion failure. In a study reported by Oakhill (1982), young readers who were good
comprehenders were reported to routinely integrate the meanings of successive sentences,
while poor comprehenders were less likely to do so. In their research among 7- and 8-year-old
readers, Cain and Oakhill (1999) determined that poor comprehenders made fewer inferences
than a younger, comprehension-age match group. Because groups were matched on compre-
hension skill, this difference in inference generation between groups indicated that inference
skill was not dependent on comprehension ability, but rather something that preceded com-
prehension gains.

There is also evidence that less proficient readers may benefit more from inference instruction
than their proficient reader peers. McGee and Johnson (2003) found that less skilled readers
between the ages of 6 and 9 years who were given explicit inference instruction showed a

CCSS.ELA-Literacy.CCRA.R.2: Determine central ideas or themes of a text and analyze
their development; summarize the key supporting details and ideas.
CCSS.ELA-Literacy.CCRA.R.3: Analyze how and why individuals, events, or ideas
develop and interact over the course of a text.

CCSS.ELA-Literacy.CCRA.R.6: Assess how point of view or purpose shapes the content
and style of a text.

CCSS.ELA-Literacy.CCRA.R.10: Read and comprehend complex literary and

informational texts independently and proficiently.

Fig. 1 English language arts standards: college and career readiness anchor standards for reading (Common
Core State Standards Initiative 2010)
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significantly greater improvement than did skilled readers who received the same instruction.
Similarly, Raphael and Pearson (1985) determined that sixth-grade students at low and average
reading ability levels benefitted more than readers at high reading ability levels from a Question—
Answer Relationship inference instruction intervention. Hansen and Pearson (1983) and Yuill and
Oakhill (1988) reported similar results among fourth and second graders, respectively.

Researchers have proposed a number of inference taxonomies (e.g., Graesser et al. 1994;
Johnson and Pearson 1978; Kintsch 1993; Warren et al. 1979), and consensus as to a definitive
taxonomy has not emerged. However, many have found it useful to distinguish between fext-
connecting inferences and gap-filling inferences (Cain and Oakhill 1999; Kispal 2008). Text-
connecting inferences, sometimes called cohesive inferences, rely on linguistic cues present in
the text. An example is anaphor resolution: In order to form a coherent situation model of the
sentence, “Omar gave Veronica his jacket,” the reader must infer that the “his ” refers to Omar.
Gap-filling inferences, on the other hand, require the reader to go beyond the text and draw on
prior experience or background knowledge.

Many researchers distinguish between gap-filling inferences that are necessary for a basic
understanding of the text and gap-filling inferences that are not strictly necessary. Bowyer-
Crane and Snowling (2005) provide the following example of a necessary gap-filling inference:
“The campfire started to burn uncontrollably. Tom grabbed a bucket of water” (p. 192). In order
to understand why Tom grabbed a bucket of water, it is necessary for the reader to activate the
background knowledge that water puts out fire, and relate the second sentence to the first by
generating the inference that Tom grabbed the bucket of water because he was trying to put out
the fire. In contrast, elaborative gap-filling inferences are not strictly necessary for comprehen-
sion; instead, they serve to enrich the reader’s mental representation of a text. It is not always
necessary for a reader to generate elaborative inferences about a character’s personality based
on that character’s actions. Likewise, it is not always strictly necessary to infer about the
character’s motivations, goals, or fears. Nevertheless, to engage in this kind of elaboration may
make reading a richer experience, and result in a more complete situation model.

There is some evidence that struggling readers have more difficulty with gap-filling infer-
ences than with text-connecting inferences. Cain and Oakhill (1999) found that, for 7- and 8-
year-olds, the ability of poor comprehenders to generate text-connecting inferences was parallel
to that of skilled comprehenders when the students were given the opportunity to look back at
the text. Similarly, Bowyer-Crane and Snowling (2005) determined that elementary-aged, less-
skilled comprehenders as old as 11 answered questions requiring a text-connecting inference at
a level comparable to their skilled peers. It was with questions that required students to make
gap-filling inferences that the performances of the less-skilled and skilled groups diverged.

In 2007, the UK’s National Foundation for Educational Research (NFER) was commissioned
to conduct a review of research “on inference skills for reading, including the skills that constitute
inferencing and how to teach them” (Kispal 2008). The review produced by NFER described one
intervention study in detail and briefly mentioned six others. However, the results of these studies
were not compared in any meaningful way, and none of the studies examined the impact of
inference instruction intervention on struggling comprehenders. We were unable to locate any
other synthesis that sought to gather, compare, and synthesize evidence gleaned from research on
inference instruction. The purpose of this synthesis, then, was to examine all inference instruction
intervention studies that targeted struggling readers. Research questions follow:

Research question 1 How effective is inference generation instruction in improving reading
outcomes for struggling readers?

Research question 2 What features of instructional interventions (e.g., type of instruction,
duration, grade level) are associated with improved outcomes?

@ Springer



4 Educ Psychol Rev (2016) 28:1-22

In the context of this synthesis, a struggling reader refers to a reader who scored statistically
significantly lower than his or her age-level peers on one or more tests of reading ability, with a
p<0.05. Struggling readers also included students with a school-identified learning disability
(LD). Inference-making skill was defined as skill in generating meaningful links between
different parts of a text and/or using prior knowledge to fill in missing details (Cain 2010).
Inference generation instruction refers to an instructional intervention designed explicitly to
improve students’ inference-making skill. When identifying the type of instruction, attention
was paid to the type of inferences participants were asked to make (e.g., text-connecting or
gap-filling), as well as the method of instruction used.

Method
Search Procedures and Inclusion Criteria

A two-step process was employed in order to identify studies for review. First, searches
were conducted in the PsychINFO and ERIC databases using the key term reading
comprehension or reading alongside of the key term inferen* and at least one of the
following ability terms: learning disabilities, reading difficulties, below average readers,
below average comprehenders, less skilled readers, less skilled comprehenders, poor
readers, poor comprehenders, struggling readers, struggling comprehenders, and compre-
hension ability. This search yielded 212 citations. Each of the abstracts was reviewed, and
articles were excluded that did not meet inclusion criteria on the basis of information
provided therein. A total of 41 articles that demonstrated the potential to meet inclusion
criteria on the basis of information provided in the abstract were obtained, read, and
evaluated. This resulted in eight studies that met the inclusion criteria. Next, references
from studies that met criteria for inclusion and relevant chapters and articles addressing the
topic of reading comprehension instruction were checked to identify additional studies that
might meet criteria. Searched articles included eight meta-analyses and syntheses of reading
comprehension instructional interventions for struggling readers (Berkeley et al. 2010;
Edmonds et al. 2009; Flynn et al. 2012; Gersten et al. 2001; Scammacca et al. 2013;
Solis et al. 2011; Wanzek and Vaughn 2007). Thirty more articles were evaluated based on
this additional search, of which one met inclusion criteria. In all, nine articles were
synthesized.
Seven inclusion criteria were used for selecting studies:

1. The study was reported in a peer-reviewed journal, in English, between the earliest
indexed year of each database and 2013.

2. Participants were students who had been identified as struggling readers. Studies with

additional participants were included if disaggregated data were provided for struggling

readers.

Participants were enrolled in grades 1-12.

The primary purpose of the intervention was to improve inferential comprehension.

5. Dependent variables addressed inferential reading comprehension outcomes and/or global
reading comprehension outcomes.

6. The intervention did not include multiple components (i.e., it did not include another type
of instruction in addition to inference instruction), so that effects could be attributed to
inference instruction rather than to some other cause.

7. The research design was experimental, quasi-experimental, or single case.

Bl
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In order to comply with the second criterion, a study with additional, non-struggling reader
participants needed to provide sufficient information for the purpose of calculating the
significance of differences between groups or conditions for the subgroup of struggling
readers. It was not enough to provide information about the significance of comparisons
between larger groups that included participants who were not struggling readers and then to
report that there was no significant interaction between reading ability and group membership.
Several studies could not be included because they failed to meet this one criterion (Carr and
Thompson 1996; Carr et al. 1983; Dewitz et al. 1987; McGee and Johnson 2003; Raphael and
Pearson 1985; Raphael and Wonnacott 1985).

In order to satisfy the fourth criterion, a study needed to state, as its primary purpose, an aim
to improve inference-making skill. In several studies considered for review, improved
inference-making skill was a collateral benefit, but not the primary purpose, of an intervention
(e.g., Gurney et al. 1990; Mastropieri et al. 1996); these studies were not included in the
synthesis. Other studies were excluded because inference generation instruction was one of
multiple intervention components, making it difficult to evaluate the isolated effects of
inference instruction (e.g., Ezell et al. 1992; Mason 2004).

Coding

The code sheet used in the present synthesis included elements specified in the What Works
Clearinghouse Design and Implementation Assessment Device (IES 2008) and was used in
previous syntheses of research (Edmonds et al. 2009; Scammacca et al. 2013; Wanzek et al.
2006). Coded information included research design, criteria for identifying participants as
struggling readers, age or grade level of participants, socioeconomic status of participants, type
of instructional intervention, type of text used during the intervention, duration of intervention
(i.e., total hours of instruction per student), setting, implementer of the intervention, informa-
tion about fidelity of intervention implementation, outcome measures used, reliability and
validity data related to the outcome measures, findings, and information about the clarity of
causal inferences that were drawn.

Calculation of Effect Sizes

Studies Employing Group Designs Effect sizes were calculated for all studies that provided
adequate statistical information, including means, standard deviations, group sizes, F test
scores, ¢ test scores, and/or exact p values. Effect sizes were calculated using what is now
the most commonly used effect size index, the standardized mean difference known as
Hedges’s g. It is defined as the difference between the mean outcome for the intervention
group and the mean outcome for the comparison group, divided by the pooled within-group
standard deviation of the outcome measure. Procedures and formulas described in the What
Works Clearinghouse Procedures and Standards Handbook, Version 3.0 were employed (IES
2013).

In reporting on the magnitude of the effects achieved by individual studies, we cited effect
sizes for comparisons between the treatment condition hypothesized to have the greatest
potential to improve inference generation skill and the “business-as-usual” or typical practice
comparison condition. If a typical practice comparison condition did not exist, we cited the
effect size for the comparison between the treatment condition hypothesized to have the
greatest potential to improve inference generation skill and the treatment condition that we
judged to be closest to a typical practice comparison condition. We cited negative effects when
a comparison condition outperformed a treatment condition.

@ Springer
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If a study had more than one outcome in the domain of inferential reading comprehen-
sion, the effect sizes for all of those outcomes were combined into a study average effect
using the simple, unweighted average of individual effect sizes. If a study employed a
researcher-developed measure of inferential reading comprehension, then the mean effect
size for the study reflects performance on this researcher-developed measure or the simple
average of outcomes on multiple researcher-developed measures. If a study used only a
standardized measure, then the mean effect size for the study reflected performance on this
standardized measure. In accordance with the WWC (2013) standards, interventions with
multiple outcomes within the domain of inferential reading comprehension were determined
to have a “statistically significant positive effect” when at least half of the effects achieved
were positive and statistically significant, and no effects were negative and statistically
significant (p. 24).

Studies Employing Single Case Designs Effect sizes were calculated by determining the
percentage of non-overlapping data (PND) between baseline and successive intervention
phases (Scruggs et al. 1987). In order to calculate PND, it was necessary to first identify the
highest data point in baseline, and then to determine the percentage of data points during
intervention that exceeded this level. The interpretation of PND scores was as follows: (a)
more than 90 % of PND reflected a highly effective treatment, (b) 70-90 % of PND reflected a
fairly effective treatment, (c) 50-70 % of PND reflected questionable effectiveness, and (d)
<50 % of PND reflected an unreliable treatment (Wendt 2009).

Results

One single case and eight experimental, group design inference instruction intervention studies
were included in this synthesis. Tables 1 and 2 summarize study features and findings,
including effect sizes. The first column of each table includes author names, publication date,
design information, age of participants, and intervention dosage (i.e., the total number of hours
of instruction and/or practice received by each student) for each study. Column 2 describes
treatments administered to participants and reports the sample size for treatment groups.
Column 3 describes comparison conditions and reports the sample size for comparison groups.
Column 4 lists the dependent measures employed in each study. The final column summarizes
study results, including effect sizes and indicating statistically significant differences between
samples when they were reported. For example, S>CO: g=0.93* signifies that the S group
outperformed the CO group on the dependent measure, the size of the effect was g=0.93, and
the difference between groups was statistically significant. Statistical significance is denoted
by an asterisk following the effect size.

Four studies (Holmes 1985; Winne et al. 1993; Yuill and Joscelyne 1988; Yuill and Oakhill
1988) focused primarily on teaching students to identify and integrate key words or phrases in
text, with a much smaller focus, if any, on prior knowledge or experiences outside the text.
One study (McMaster et al. 2012) investigated the effect of causal or general question prompts
on integration of text. Three studies (Hansen and Pearson 1983; McCormick and Hill 1984;
Ouellette et al. 1999) focused on teaching students to activate prior knowledge and integrate
this knowledge with information in text in order to generate inferences. In one study, students
were taught to activate prior knowledge as well as to identify and integrate key words or
phrases in text (Fritschmann et al. 2007).

In four of the nine studies (Fritschmann et al. 2007; Hansen and Pearson 1983; McCormick
and Hill 1984; Ouellette et al. 1999), students were taught to make gap-filling inferences that
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were mostly elaborative in nature. In three studies (Holmes 1985; Yuill and Joscelyne 1988;
Yuill and Oakhill 1988), students were provided instruction aimed at increasing necessary gap-
filling inferences. In two studies (Winne et al. 1993; McMaster et al. 2012), students were
prompted to make text-connecting inferences.

Mean effect sizes for group design studies ranged from g=0.72* to g=1.85* for researcher-
developed measures of inferential reading comprehension. Every study that employed a
researcher-developed measure of inferential reading comprehension achieved a statistically
significant mean effect. Mean effect sizes ranged from g=-0.27 to g=0.36 for researcher-
developed measures of story recall and from g=—0.03 to g=1.96* for standardized measures
of reading comprehension. The percentage of non-overlapping data for the study that
employed a single-case design was 100 % for all measures. It was not fruitful to average
effect sizes across studies in order to assess mean effect sizes associated with particular study
features because comparison groups and dependent measures varied so widely across studies;
however, mean effect sizes for individual studies are cited below.

Participants

Participants in the majority of the studies included in this synthesis were fourth and fifth
graders (Hansen and Pearson 1983 (g=1.20*); Holmes 1985 (g=1.85%); McCormick and Hill
1984 (g=0.72%); McMaster et al. 2012 (g=—0.27 on measure of liberal recall); Ouellette et al.
1999 (g=0.36 on measure of story recall); Winne et al. 1993 (g=0.82%*)). However, partici-
pants in two studies (Yuill and Joscelyne 1988 (g=0.93%*); Yuill and Oakhill 1988 (g=1.96*))
were second-graders, and in one study (Fritschmann et al. 2007 (PND=100 %)), participants
were ninth graders.

Participants in all studies were identified as struggling readers, but methods of identifying
struggling readers differed across studies. Identification was based on significantly lower
scores than peers on standardized tests of reading ability, including (a) the Stanford Achieve-
ment Test comprehension subtest, on which “poor readers” had a mean grade-equivalent score
of 3.2 and good readers had a mean score equivalent to 6.3 (Hansen and Pearson 1983, p. 822
(g=1.20%)); (b) the Gates—MacGinitie Reading Test comprehension subtest, on which strug-
gling readers scored at or below the 23 percentile (McMaster et al. 2012 (g=—0.27 on measure
of liberal recall]); (c) the Metropolitan Achievement Test, 6th edition, on which struggling
readers scored at or below the 31st percentile (Ouellette et al. 1999 (g=0.36 on measure of
story recall)); or (d) the Neale Analysis of Reading Ability, on which “less skilled
comprehenders” had a significantly lower mean comprehension score than “skilled
comprehender” peers (Yuill and Joscelyne 1988, p. 156 (g=0.93*)) or comprehension age
scores below their chronological age scores and at least 6 months below their accuracy age
scores (Yuill and Oakhill 1988, pp. 36-37 (g=1.96*)). It is worth noting that, in these last two
studies, participants were identified as having a specific comprehension deficit: their decoding
ability, as measured by their reading accuracy age score on the Neale Analysis of Reading
Ability, was above or equal to their chronological age. In all other synthesized studies,
decoding skill was not measured separately from comprehension skill; readers may have
struggled with decoding, comprehension, or both.

School identification of LD for study participants that were identified as having LD was
based on (a) discrepancies between IQ scores and achievement scores as well as low scores
(five grade levels below grade placement) on a standardized reading achievement test
(Fritschmann et al. 2007 (PND=100 %)) or (b) low scores alone (two or more years below
grade placement and below the 33rd percentile, respectively) on a standardized reading
achievement test (Holmes 1985 (g=1.85%); McCormick and Hill 1984 (g=0.72*)). One study
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noted only that students were identified as having a learning disability according to “local
criteria” (Winne et al. 1993, p. 55 (g=0.82%)).

Information was provided about the socioeconomic status of participants in only five of the
nine synthesized studies. One of these five studies took place in a “low socioeconomic area of
a large metropolitan city” (McCormick and Hill 1984, p. 220 (g=0.72%)), another in “a low-
socioeconomic urban school” (Holmes 1985, p. 543 (g=1.85%)), and a third in a “small town
in Maine that included diverse socioeconomic levels” (Hansen and Pearson 1983, p. 822 (g=
1.20%)). A fourth study took place in school districts in which 27-29 % of students qualified
for the free lunch program (McMaster et al. 2012 (g=—0.27 on measure of liberal recall)),
whereas in the final study, more than half of participants qualified for free or reduced-cost
Iunch (Fritschmann et al. 2007 (PND=100 %)).

Treatment and Comparison Conditions

Treatment Three studies engaged students in prior knowledge activation and prediction work
as part of an inference training intervention (Hansen and Pearson 1983 (g=1.20%*); McCormick
and Hill 1984 (g=1.85%); Ouellette et al. 1999 (g=0.36 on measure of story recall)). In these
studies, students were asked a question about their previous experiences with an important idea
in a story prior to reading the story. Then, they were encouraged to hypothesize about what
might happen under similar circumstances in a story they were about to read. For example,
prior to reading a story, a teacher might ask students to “tell us about a time when you were
embarrassed about the way you looked” (Hansen and Pearson 1983, p. 823). Then, after
listening to students’ responses, the teacher would let students know that, “in our next story
there is an old man who is embarrassed about the way that he looks,” and ask them, “What do
you think is the thing that embarrasses him?” (Hansen and Pearson 1983, p. 823). The purpose
of these questions was to activate the process of text-to-self connection, in order to “set the
stage for interaction with the text during reading” (Hansen and Pearson 1983, p. 823) and thus
facilitate the generation of gap-filling inferences—as well as to encourage students to share
ideas so that each would have a “larger bank of knowledge to bring to bear upon the story than
if they had to use only their own prior knowledge” (Hansen and Pearson 1983, p. 824).

Four interventions focused primarily on encouraging students to identify key or “clue”
words, in order to integrate important elements in the text or fill textual gaps by integrating key
words with prior knowledge. In the study reported by Holmes (1985) (g=1.85%), students were
taught to find and use relevant “key words” in the text, as well as to use self-questioning to
confirm tentative answers (p. 544). In the study of Winne et al. (1993) (g=0.82%*), students
learned to identify a “rule” and a “critical fact” presented in a passage; a teacher explained
explicitly, and then modeled, how to apply the rule and make use of the critical fact to answer
an inferential question.

A third study (Yuill and Oakhill 1988 (g=1.96*)) used a three-part inference instruction
intervention that included, first, “lexical inference training,” in which children were taught to
identify clue words in passages and then link clue words in order to generate inferences (p. 37).
For example, students read the following passage:

Billy was crying. His whole day was spoilt. All his work had been broken by the wave.
His mother came to stop him crying. But she accidentally stepped on the only tower that
was left. Billy cried even more.

Students were encouraged to identify “wave” as a clue word indicating that the story setting
was a beach. They were also helped to link “wave” with “tower” in order to infer that the tower
was a part of a sandcastle (Yuill and Oakhill 1988, p. 38). Question-generation training
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constituted the second part of the intervention. During question-generation training, students
took turns acting the part of teacher and composing “who,” “where,” and “why” inferential
questions about a recently read passage in order to quiz peers. Finally, students received
“prediction” training. In contrast to the predictions that integrated prior knowledge with text in
the studies described earlier, however, prediction training comprised “macrocloze tasks” that
required students to read a passage in which sentences were obscured by tape and infer the
meaning of the hidden sentence based on clues in surrounding sentences (Yuill and Oakhill
1988, p. 43).

The final study that focused on key words (Yuill and Joscelyne 1988 (g=0.93*)) investi-
gated the impact of just the “lexical inference training” component of the intervention
described above. In this study, students were first given single sentences and then whole
paragraphs, and taught to identify and integrate key words in order to make inferences about
settings and other story elements.

Fritschmann and colleagues (2007; PND=100 %) aimed to teach students to activate prior
knowledge as well as to identify and integrate key words or phrases in text. Students learned a
five-step INFER strategy: (a) “Interact with the passage and the questions” by previewing the
passage, reading the questions, and distinguishing between factual questions and “think-and-
seek” questions, which include purpose, main idea/summarization, prediction, and clarification
questions; (b) “Note what you know” by activating background knowledge or experiences
related to the topic at hand, as well as underlining any key words in the questions; (c) “Find the
clues” by carefully reading the passage and underlining clues directly related to keywords in
the questions; (d) “Explore more details” by looking for additional clues in the passage that
support tentative answers; () “Return to the question” and make sure that an answer has been
selected and marked (p. 248).

The last intervention, designed by McMaster et al. (2012) (g=—0.27 on measure of liberal
recall), evaluated the impact of two different questioning interventions aimed at improving
inference generation skill. Students in a “causal” questioning condition were asked questions
that encouraged them to connect an important consequence with a casual antecedent when they
reached a point in a passage where a causal inference was necessary (McMaster et al. 2012, p.
104). Students in a “general” questioning condition were asked the question, “How does the
sentence you just read connect with something that happened before in the story?” every five
to six sentences (once students were familiar with this question, they were simply prompted to
“Connect it!””) (McMaster et al. 2012, p. 105). There were no significant differences between
groups of struggling readers in the three conditions, and effect sizes for all comparisons were
quite small. However, the authors found that when they disaggregated scores for two sub-
groups of struggling comprehenders labeled “elaborators” and “paraphrasers,” elaborators
benefited more than paraphrasers from causal questioning (g=0.83%*), whereas paraphrasers
benefited more than elaborators from general questioning (g=1.37%).

The total number of sessions for synthesized interventions ranged from 1 to 40. The mean
number of sessions was 15.7. For the five studies that reported session length, total mean
intervention dosage ranged from 2.67 to 26.67 h. The mean dosage for these five studies was
12.6 h. Visual inspection of dosage alongside of effect sizes indicated that increased dosage
was not associated with larger effect sizes, nor was it associated with smaller effect sizes.

Comparison We labeled as true “comparison” (CO) conditions those conditions that engaged
students in business-as-usual instruction: students read passages independently with little or no
introduction to text and answered post-reading comprehension questions. When comprehen-
sion questions were asked post-reading, then more than half of questions were literal compre-
hension questions (i.e., less than half required students to make an inference). In one study,
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students in the comparison condition were asked literal W-questions (who, what, where, and
when) during reading; the answers to these questions were stated explicitly in the text, in the
sentence prior to the question (McMaster et al. 2012, p. 105). In this study, all during-reading
questions were judged to be literal questions and the condition was judged to be a true
comparison condition.

In two studies, there were no true comparison conditions according to the above definitions.
In the study reported by Winne et al. (1993), the two conditions were identical except that
feedback provided to students after they answered the post-reading inferential question was
“inductive” in one and “explicit” in the other. In the “inductive” condition, correct answers
were provided and the necessary ingredients for making an inference were underlined—but
there was no explicit instruction explaining explicitly how to integrate ingredients and generate
the inference. This was judged to be an alternate treatment, rather than a true comparison
condition.

In the study reported by Holmes (1985), there was also no true comparison condition
according to the above definition. In the condition that was intended to be the comparison
condition, students read passages independently with little or no introduction to text and
practiced answering post-reading comprehension questions, all of which required students to
make an inference. This condition resembled alternative treatment conditions in two studies
that employed multiple-treatment designs (McCormick and Hill 1984; Yuill and Oakhill
1988). Interestingly, in the study reported by McCormick and Hill (1984), students in the
second treatment condition, who received no instruction but did receive practice answering
inferential questions after reading, scored statistically significantly higher than students in the
control condition on two researcher-developed post-reading questions measures (g=1.49* for
each). These students even statistically significantly outperformed students in the inference
instruction treatment condition on the researcher-developed posttest measure (g=0.83%).

Yuill and Oakhill (1988) designed a comparison condition that comprised rapid word
recognition instruction. At the beginning of each session, students were told of the importance
of rapid word recognition, and then shown a list of words taken from the passage they were
about to read. After the experimenter read the words aloud, students practiced reading the list
as quickly and as accurately as possible. Then, students took turns reading the day’s passage.
Finally, each student read the word list again, and the experimenter recorded the time taken on
a stopwatch.

Materials and Implementation More than half of synthesized studies instructed students in
generating inferences while reading narrative text. Four studies used a mix of narrative and
expository texts (Hansen and Pearson 1983; Holmes 1985; McCormick and Hill 1984; Winne
et al. 1993). There was not one text type or mixture of types that was associated with increased
effects. In one third of the studies (Fritschmann et al. 2007 (PND=100 %); Holmes 1985 (g=
1.85%); Yuill and Oakhill 1988 (g=1.96%)), instruction was provided to small groups of
between three and five students. In two studies, instruction was provided to students individ-
ually (Winne et al. 1993 (g=.82%); Yuill and Joscelyne 1988 (g=.93%*)). Ouellette et al. (1999)
(g=0.36) provided instruction to groups of six students and Hansen and Pearson (1983) (g=
1.20%*) provided instruction to groups of 10 students. Finally, McMaster et al. (2012)(g=—0.27
for measure of liberal recall) provided instruction to students in groups of between 23 and 28
students.

For more than half of studies, researchers delivered the intervention. In four studies, however,
reading teachers (or students enrolled in teacher preparation programs) were the implementers of
the intervention (Hansen and Pearson (g=1.20%); McCormick and Hill (g=0.72%*); McMaster
et al. 2012 (g=.027 for measure of liberal recall); Winne et al. 1993 (g=0.82%)).
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Two studies (Holmes 1985; Ouellette et al. 1999) did not report measuring fidelity of
implementation. Three studies reported that teachers were audiotaped and or/observed regularly,
but did not report specific fidelity measurements (Hansen and Pearson 1983; Winne et al. 1993;
Yuill and Joscelyne 1988; Yuill and Oakhill 1988). For the remaining three studies, the percentage
of faithfully executed parts of the intervention was between 90 and 98 % for all lessons that were
observed (Fritschmann et al. 2007; McCormick and Hill 1984; McMaster et al. 2012).

Outcome Measures

While one study (Yuill and Oakhill 1988) employed only a global, standardized measure of
reading comprehension skill, most studies used (either in addition to or in place of a standard-
ized measure) researcher-designed measures of inferential comprehension. Some researchers
measured both literal and inferential comprehension, with scores for each type of question
disaggregated and effects on each considered separately. It is not uninteresting to consider the
effects of inference instruction on literal comprehension. Hansen and Pearson (1983) did find
that inference instruction had a significant impact on students’ literal comprehension of text,
and McMaster et al. (2012) determined that in the general questioning condition one subgroup
of struggling readers benefitted more than elaborators on a measure of literal recall. Neverthe-
less, we found that addressing the impact of inference instruction on literal comprehension skill
was beyond the scope of this study. This synthesis focuses primarily on the effects of inference
instruction on inferential reading comprehension and global reading comprehension.

More than half of studies employed only researcher-developed measures of inferential reading
comprehension. Most researcher-developed measures resembled each other: They consisted of
post-reading inferential comprehension questions and were highly aligned with instruction. In
only one case was a researcher-developed measure slightly less aligned with instruction: In the
intervention reported by Hansen and Pearson (1983), students were taught to make gap-filling,
mostly elaborative inferences by interweaving their background knowledge with information in
the text in order to infer about character traits, feelings, motivation, and goals. However, at least
one question used in the researcher-developed measure of inference skill designed by Hansen and
Pearson (1983) measured students’ ability to make a text-connecting inference: Students were
asked to use context clues to determine the meaning of a phrase in the text.

Three studies transcribed and parsed student recalls of stories as a means of assessing inferential
comprehension. McMaster et al. (2012) categorized each recall clause based on how closely it
matched the gist of the original text (Kendeou and van den Broek 2005). McMaster et al. (2012)
categorized clauses as (a) “conservative,” which were literal renderings of original text units that
reflected “near-verbatim memory for the text”; (b) “liberal,” which were non-literal renderings of
the original text that captured “the essence of its meaning” such that they reflected “the extent to
which the reader has established a coherent representation of text”; (c) “highly connected,” which
had five or more causal connections based on the causal network for that text, such that they
reflected “the reader’s strong sensitivity to the text structure”; (d) “no match consistent,” which
could “not be matched directly with the gist of a text unit” but “was valid and moderately
constrained by the text,” such that they reflected “the extent to which the reader has elaborated
his/her mental representation through inferences”; and (e) “no match inconsistent,” which did not
match the gist of a text unit and was invalid or unconstrained by the text (p. 104). Ouellette et al.
(1999) measured accuracy of story summary using a checklist patterned after Glazer’s (1988) retell
analysis guide, but I could not obtain a copy of this checklist or a description of any of the items on
it. Yuill and Joscelyne (1988) specify only that “recall scores were based on correct recall for the
gist of each idea unit, scored separately for main and subsidiary ideas” (p. 154).
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Three of the nine studies employed standardized measures of reading comprehension in
addition to researcher-developed measures of inferential comprehension (Holmes 1985; McCor-
mick and Hill 1984; Ouellette et al. 1999). One study (Yuill and Oakhill 1988) used a standardized
measure of reading comprehension as its sole outcome measure. In the study reported by Holmes
(1985), the standardized measure was the Nelson Reading Skills Test (Hanna et al. 1977), which
claims to assess comprehension at three levels: Students must answer “higher level” inference
questions, “translational” or lower-level inference questions, and literal questions. McCormick
and Hill (1984) used the fifth edition of the Reading Comprehension subtest of the Reading
Diagnostic Tests of the Metropolitan Achievement Tests (MATS; Prescott et al. 1978), and
Ouellette et al. (1999) used the sixth edition (MAT6; Prescott et al. 1984). Both the MATS and
the MATG6 require students to read simple sentences and select the picture that best corresponds
with these sentences, as well as to read passages and answer literal and inferential comprehension
questions. Yuill and Oakhill (1988) measured improvement in reading comprehension by means
of the Reading Comprehension subtest of the Neale Analysis of Reading Ability—Revised
British Edition (NARA; Neale 1989). The NARA has students read passages and asks them to
answer both literal and inferential questions after reading. All four of these standardized measures
assess reading comprehension globally, including students’ ability to answer literal and inferential
questions. None of the assessments disaggregated students’ scores on inferential questions.

For tests that were not scored objectively, information about inter-rater reliability was
provided in all but two studies (Holmes 1985; Winne et al. 1993). For all other studies that
employed subjective scoring procedures, inter-rater reliability was at or above 89 %.

Study Quality

Group design studies were judged according to What Works Clearinghouse standards (IES
2013, pp. 9—-10) and the essential quality indicators for group experimental and quasi-
experimental design studies described by Gersten et al. (2005). Using these standards as
guidelines, synthesized studies were given an impressionistic quality rating of “high,” “medi-
um,” or “low” during the coding process. All group design studies employed random
assignment, thus meeting the primary quality standard laid out by the What Works Clearing-
house (IES 2013). One study (McCormick and Hill 1984) met all of the additional essential
quality indicators described by Gersten et al. (2005), and it was given a high impressionistic
quality rating. The study reported by Winne et al. (1993) was judged as being of low quality
because it failed to provide information about the process by which participants were classified
as having LD and about inter-rater reliability for an objectively scored outcome measure. It
also did not report any specific measurements related to fidelity of treatment implementation.
All other group design studies met most but not all of the essential quality indicators described
by Gersten et al. (2005); they were judged to be of medium quality. The one single case study
that was included in this synthesis met almost all quality indicators for single subject research
described by Horner et al. (2005). Study quality was not associated with increased effects.

Discussion

The purpose of this study was to provide a synthesis of the research on inference instruction
interventions conducted among students who are struggling readers. We aimed to find and
compare all intervention studies that evaluated the effects of inference instruction on inferential
reading comprehension. A comprehensive search yielded nine studies, one of which employed
a single-case design, and eight of which employed randomized group designs.
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The fact that only nine intervention studies met the stated selection criteria is perhaps the most
important finding of this synthesis. Given the importance of inference generation to reading
comprehension (Cain et al. 2004; Kendeou et al. 2008; Oakhill and Cain 2012; Oakhill et al.
2003) and the evidence that struggling readers may receive particular benefit from inference
instruction (Hansen and Pearson 1983; McGee and Johnson 2003; Raphael and Pearson 1985;
Yuill and Oakhill 1988), it is surprising that there are so few studies that investigate the impact of
inference instruction on the inferential comprehension skill of struggling readers. Also worthy of
note is the fact that, of the eight group design studies that emerged from the literature in meeting
selection criteria, only one could be judged to be of the highest quality. Most studies included in
this synthesis lacked carefully described, reliable, and valid measures, and very few employed
multiple measures in order to provide a balance between measures closely aligned with the
intervention and measures of more generalized performance.

In general, the findings of this synthesis suggest that inference instruction interventions can
be effective both when they target prior knowledge activation (and teach students to integrate
prior knowledge with information in text) and when they focus only on integrating information
in text. The majority of effective interventions taught students to identify clues or key words in
the text and to use these key words to furnish answers to post-reading inferential questions.
Another approach that proved effective was to activate students’ prior knowledge and teach
them how to interweave this knowledge with information in the text. Finally, two studies
(Holmes 1985; Yuill and Oakhill 1988) taught students to generate questions as a way of
identifying gaps in text or confirming tentative inferences.

Interventions were effective across grades 2-9, for readers with the label LD, as well as
struggling readers not identified with a specific learning disability, regardless of student
socioeconomic status. The effectiveness of included studies did not depend on type of text
used during instruction (narrative vs. a mixture of narrative and expository), or on the
implementer of the intervention (a researcher vs. a classroom teacher). Interventions were
effective when they were conducted one-on-one, in small groups of three to five students and
in larger groups of ten students. The one study that was conducted in larger classes of between
23 and 28 students (McMaster et al. 2012) did not produce statistically significant effects in
favor of either intervention condition.

There were two other findings worthy of note. While McMaster et al. (2012) did not find
statistically significant effects in favor of either intervention condition, they did report differ-
ential effects for intervention between two subgroups of struggling comprehenders, which they
designated “elaborators” and “paraphrasers” (101). Elaborators benefitted more than para-
phrasers from causal questioning on highly connected items recalled (g=0.83*), whereas
paraphrasers benefitted more than elaborators from general questioning on unique conservative
items recalled (g=1.37*). These results suggest that it may be important to identify subgroups
of struggling readers and target interventions at a particular subgroups, rather than to target
interventions at struggling readers in the aggregate.

Finally, based on the results reported by McCormick and Hill (1984), simply giving
students opportunities to answer a large number of inferential questions after reading provides
significant benefit in comparison to assigning them mostly literal comprehension questions
after reading. It may even be as effective as strategy instruction combined with fewer
opportunities to answer inferential questions. As it is presumably less time-consuming to
provide access to questions than it is to provide explicit strategy instruction (at least in the case
of some of the multistep strategies described above), it would be worthwhile to confirm the
results of this study. In addition, it would be useful to determine the extent to which effects are
contingent on following a certain protocol when educators ask post-reading inferential ques-
tions and provide feedback about answers.
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Limitations

One potential limitation of this synthesis is that inclusion criteria were very specific and might
be considered overly restrictive. The purpose for these criteria was to assure reliability in
selecting studies and ensure study replicability. For example, the fourth criterion required that
“a study needed to state, as its primary purpose, an aim to improve inference-making skill.”
Had the criterion required only that the study have some (primary or collateral) benefit related
to inference making skill, it would be far more difficult to ensure replicability. Nevertheless, by
excluding studies that did not state an explicit aim to improve inference-making skill, a wide
variety of interventions that had a collateral impact on inference making or general compre-
hension were eliminated.

There is another potential explanation for the dearth of studies that were found to meet
selection criteria for this synthesis. Because of the now well-documented “file drawer”
problem (Cooper 1998; Torgerson 2006), it is difficult to find published studies that report
negative or null effects. It is possible that this bias prevented the publication of any number of
studies that did not find statistically significant differences in favor of an inference instruction
treatment.

Another significant limitation is that synthesis findings were limited by the wide variation
in comparison groups and dependent measures. As a result, it was not productive to combine
and average effect sizes for studies according to particular shared study features, and thus, it
was not possible to objectively identify features of instructional interventions (e.g., duration,
grade level, type of instruction) that were associated with higher or lower mean effect sizes.

The quality of any synthesis is directly dependent on the quality of included studies. As
detailed above, the majority of group design studies synthesized here could not be judged to be
of the highest quality. Most studies lacked carefully described, reliable, and valid measures.
Very few employed multiple measures in order to provide a balance between measures closely
aligned with the intervention and measures of more generalized performance. In order to
facilitate comparison across studies, future research would benefit from the development and
use of carefully described, validated measures of inferential comprehension that closely
resemble those used in other inference instruction studies. Similarly, it will be important for
future researchers to compose and carefully describe comparison conditions that closely
resemble each other and mirror typical practice in English language arts or content area
classrooms.

A large number of studies had to be excluded from this synthesis because they did not
meet the second inclusion criterion employed during the search process. Many of these
excluded studies reported important results related to the differences between struggling and
non-struggling readers who received inference instruction (Carr and Thompson 1996; Carr
et al. 1983; Dewitz et al. 1987; McGee and Johnson 2003; Raphael and Pearson 1985;
Raphael and Wonnacott 1985). However, they did not provide sufficient information for the
purpose of calculating the significance of differences between groups or conditions for
struggling readers. It will be valuable for future studies to collect data that enable readers to
compare the impact of different inference instruction treatments on struggling readers, in
addition to comparing differential effects of interventions on struggling readers and non-
struggling readers.

Finally, it was difficult to arrive at generalizations and make recommendations based on the
results of only nine studies. There appears to be a need for more intervention research
investigating the effects of inference instruction on struggling readers. Alternatively, there
may be a need for more publication of studies that find negative or null effects for this type of
instruction.

@ Springer



Educ Psychol Rev (2016) 28:1-22 19

Implications for Practice

This synthesis yields several implications for educators. First, studies indicated that helping
struggling readers identify key words in text and use these key words to furnish answers to
post-reading inferential questions is associated with improved comprehension outcomes.
Studies also suggest that it may be useful for teachers to devote time before reading to building
and/or activating students’ knowledge related to topics covered in text. In combination with
knowledge building and activation, it may be necessary to provide instruction and practice
with integrating prior knowledge with information in text. Finally, simply giving students
opportunities to answer a large number of inferential questions after reading (instead of asking
mostly literal post-reading comprehension questions) may be as effective in improving their
inferential comprehension of text as strategy instruction combined with fewer opportunities to
answer inferential questions.

In addition, because there is some evidence that there are subgroups of poor comprehenders
(such as the “elaborators” and “paraphrasers” described by McMaster et al. 2012, p. 101),
educators may benefit from knowing that some of their struggling readers may make greater
improvement when they participate in one type inference generation instruction and practice,
while others may make greater gains as a result of a different type of instruction.

Future Research

This synthesis may raise more questions than it provides answers. In addition to investigating
the extent to which providing opportunities to answer inferential questions is as effective as
strategy instruction for the purposes of improving inferencing skill, it would be profitable for
researchers to consider the following:

1. Which steps of multi-step interventions (like the one described by Fritschmann et al.
2007) are the ones most closely associated with positive outcomes?

2. To what extent does the effectiveness of given interventions differ based on the reading
level or learning characteristics of the participant (as is suggested by McMaster et al.
2012)?

3. Does type of text (e.g., expository or narrative) moderate the effect of interventions? For
example, is one type of instruction effective in the context of narrative text, but not in the
context of expository text?

4. Are certain interventions more appropriate for teaching students to make particular kinds
of inferences (e.g. text-connecting vs. gap-filling, or necessary vs. elaborative)? Does
instruction in making particular types of inferences produce specific effects only for
similar untaught inferences, or are the effects of inference training more general?

5. Does text complexity matter? Research suggests that overly complex texts may impede
inference processing (Singer et al. 1997), while texts that are overly elaborated or explicit
promote passive reading and poor comprehension (Gilabert et al. 2005; McNamara et al.
1996). Do teachers need to employ different kinds of instruction when they are teaching
students to read texts of high (or low) levels of complexity? How does the text complexity
variable interact with student background knowledge and comprehension skill level
(McNamara et al. 1996), in the context of inference instruction?

6. Are the effects of inference training sustainable? Only one study among those synthesized
here included a follow-up measure of inferential comprehension (Fritschmann et al. 2007).
In this study, performances on reading comprehension probes conducted 8 months after
the intervention were relatively low. Intervention is far more valuable if it offers long-

@ Springer



20 Educ Psychol Rev (2016) 28:1-22

lasting benefits; future research should address the question as to if and how interventions
can achieve sustainable improvement in inferential comprehension.

7. Finally, to what extent are benefits obtained as a result of inference instruction translatable
to overall reading achievement? Is inference instruction more (or less) powerful in the
context of multi-component interventions than it is when delivered alone?
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