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Abstract

The primary aims of this mixed-method study were to (a) examine the effectiveness of a brief
inference intervention, (b) compare the types of knowledge-based inferencing errors less skilled
middle grade readers make, and (c) evaluate if self-reported cognitive load relates to inferenc-
ing. Participants (N = 17) were randomly assigned to a graphic organizer-inference intervention
(GO-Inference) (n = 9) or business-as-usual (BAU) condition (n = 8), and differences between
groups were explored for each study purpose. Quantitative and qualitative results suggest that
while less skilled readers in the GO-Inference condition made modest progress in forming
knowledge-based inferences, they continued to struggle to distinguish relevant from irrelevant
information from text and/or retrieve the knowledge necessary to form inferences. Students in
the BAU condition were more likely to make errors such as providing irrelevant information or
failing to respond. Additionally, students in the GO-Inference condition reported lower cogni-
tive load during inference-making tasks.
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More than 80% of eighth-grade students
in the United States do not have the con-
tent-area knowledge and reading skills they
need to enter high school and succeed (ACT, 2019).
Further, randomized control trials examining the ef-
fectiveness of multi-component reading interventions
designed to close this gap among middle-grade strug-
gling readers report effects ranging from small to neg-
ligible on standardized measures of comprehension
(Scammaca et al., 2016; Scammaca et al., 2015), with
more significant effects requiring more than one year
of intervention. These findings suggest that (a) cur-
rent intervention approaches have not been intensive
enough to budge the intractable deficits presented by
middle-grade struggling readers (see Scammaca et al.,
2016; Scammaca et al., 2015) or (b) the components
do not adequately build the types of higher-order

reading skills (i.e., inference-making, comprehension
monitoring, and understanding of text structure) in-
volved in comprehension itself. For this reason, sys-
tematic investigations examining the nature of higher
order reading skills, such as inference-making, remain
a priority in the field. Further, considering students’
perceived cognitive load for these higher-order skills
can provide important information about the poten-
tial effectiveness of interventions.

Knowledge-Based Inferencing

Among adolescent readers, inferencing is the
strongest predictor of comprehension after con-
trolling for other reading-related skills (Ahmed et
al., 2016). One type of inferences, knowledge-based
inferences, is particularly important for comprehen-
sion because it helps readers build a meaningful
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representation of the text (Kintsch, 1988; O'Brien et
al., 2015). Knowledge-based inference-making in-
volves integrating information across sentences and
between information in the text with one’s existing
general knowledge of the topic (O’Brien et al., 2015).

Proficiency in knowledge-based inferencing
differs significantly between skilled and less skilled
adolescent readers (Barth et al., 2015). That is, less
skilled adolescent readers have trouble forming
knowledge-based inferences that support under-
standing of short sections of text (Barnes et al.,
2015). Indeed, when required to construct inferences
across larger text sections, their accuracy decreases
to chance levels (Barth et al., 2015; Cain et al., 2004).
Finally, less skilled adolescent readers are less likely,
less accurate, and less efficient at forming inferences,
particularly inferences that require integrating rele-
vant general knowledge with important information
in the text (Barnes et al., 2015; Barth et al., 2015).

Why Might Less Skilled Readers Fail to Form Knowl-
edge-Based Inferences?

First, readers largely fail to form knowl-
edge-based inferences because they lack relevant
background knowledge, their knowledge is inaccu-
rate, or their knowledge is incomplete (e.g., Acker-
man et al., 1990; Barnes et al., 2015; Cain et al., 2001 ;
Casteel, 1993). That is, a knowledge-based inference
can only be made when the requisite knowledge
to make that inference is available. Second, readers
may fail to form knowledge-based inferences be-
cause they do not activate, access, or use relevant
background knowledge that is stored and available
in long-term memory (Barnes et al., 2015; Barnes et
al., 1996; Cain et al., 2001). Third, readers may fail
to retrieve relevant information from text (Barth et
al., 2015) or integrate relevant knowledge with im-
portant information in the text (Barnes et al., 2015;
Barth et al., 2015; Cain et al., 2001). Fourth, readers
may not recognize that an inference is called for to
fully understand the text (Whitehead, 1929). Finally,
readers may fail to form an inference or may gener-
ate an incorrect inference because the cognitive load
required to access, retrieve, and integrate relevant
background knowledge from semantic memory
with important information in the text exceeds their
processing capabilities (de Jong, 2010).

Research Informing the Proposed Study

Little research has examined the common sources
of inference failure among less skilled readers. To ad-
dress this gap in the literature, Cain et al. (2001) ex-
plicitly trained students in background knowledge to
criterion and then examined the effects of background
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knowledge on inference-making among skilled and
less skilled comprehenders age 7 to 8 years old (N =
26). Findings revealed that the errors made by skilled
and less skilled comprehenders occurred at different
stages in the inference-making process. That is, less
skilled comprehenders often failed to accurately re-
call information that had to be integrated to form the
inference. Skilled comprehenders, on the other hand,
often failed to accurately integrate the relevant textual
premise and knowledge-based item. Finally, a small
proportion of errors could be attributable to forming
the wrong inference, suggesting that skilled and less
skilled comprehenders did a poor job of selecting the
relevant information from text and/or from their gen-
eral knowledge.

Building on the Cain et al. (2001) study, Elbro
and Buch-Iverson (2013) examined if use of a graphic
organizer designed to help elucidate for readers the
textual premise and knowledge-based information
that must be integrated to generate an inference led
to more accurate inferencing among typically devel-
oping sixth-grade students. Following two weeks of
daily instruction, students in the graphic organizer
condition made significant improvements in infer-
ence-making and reading comprehension.

Of importance to the current study is the use and
effectiveness of the graphic organizer. The purpose
of the graphic organizer was to help students under-
stand that an inference was needed for comprehen-
sion and identify the knowledge needed to make the
correct inference. The twofold purpose of the graph-
ic organizer is important for several reasons. First,
less skilled readers are not strategic in their reading
(Pressley, 2002), and graphic organizers have been
demonstrated to be an evidence-based practice for
students with learning disabilities to improve com-
prehension, including identification of main idea and
development of inferences (Dexter & Hughes, 2011).
Second, graphic organizers can provide a scaffold
that preserves working memory, thereby reducing
cognitive load so that higher-level thinking and rea-
soning about text can be enabled (Dexter & Hughes,
2010). Third, even when less skilled readers have the
knowledge needed to make inferences while reading,
they do not generate them as readily as more skilled
readers, and in such instances the graphic organizer
serves as a prompt. For example, Cain and colleagues
(2001) reported that in some cases, students directly
answered a question about the knowledge needed to
form the inference but did not go on to generate the
inference using that knowledge when manded.

A more recent study by Daugaard et al. (2017)
reported significant correlations between vocabu-
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lary and both comprehension and inference-making
among sixth-grade students (N = 53). This provides
additional support for the notion that knowledge
(i.e., word and world) is essential for inference-mak-
ing among readers in the secondary grades (Ahmed
et al.,, 2016; Cromley & Azevedo, 2007).

Finally, previous research has established the
contributions of working memory to inference-mak-
ing (e.g., Currie & Cain, 2015; Swanson et al., 2018).
Inferencing is a complex process that draws on
working memory because readers must search, find,
retrieve, and then integrate relevant background
knowledge from memory with new information ex-
tracted from text. Additionally, researchers and the-
orists are exploring the role of cognitive load and its
relation to working memory and reading (de Jong,
2010; Paas & Merriénboer, 2020). Limited working
memory suggests a higher cognitive load (Galy et
al,, 2012), whereas greater working memory capacity
suggests a lower cognitive load. For less skilled older
readers, considering their perceptions related to the
cognitive load for tasks is important because it relates
to their willingness to expend effort and engage in
complex learning (Stevenson & Mussalow, 2018).
Student perceptions of cognitive load can inform
instructional design and screen to identify students
who are struggling (Laurie-Rose et al., 2014).

The current study builds on this research base in
several ways. First, the study used instructional materi-
als frequently used by social studies classroom teachers
to teach content but not regularly applied to teach in-
ferencing. Texts were expository to build both content
knowledge and word knowledge. This contrasts to prior
work by Cain et al. (2001), who used an experimental
procedure that taught students a knowledge base about
a fictional world prior to measuring their inferencing
skills about that planet. Next, like Elbro and Buch-Iver-
son (2013), a graphic organizer was incorporated into the
knowledge-based inferencing instructional condition to
help conditionalize the knowledge needed for infer-
ence-making among typically developing middle-grade
students. Our study extends this work by focusing on
less skilled middle-grade readers and identifying their
common sources of inference failure.

Finally, we examined cognitive load across the
intervention to determine if the intervention reduced
readers’perceived burden of forming knowledge-based
inferences. No previous inferencing study has ad-
dressed perceived cognitive load. Managing cognitive
load is critical for freeing up cognitive space for learn-
ing, along with the social validity aspect of providing
interventions that are perceived by the learners to be
useful and acceptable (Wolf, 1978).

Study Purpose

The present study was designed to:

1. Determine the effectiveness of a brief inference
intervention for rural, middle-grade struggling
readers.

2. Identify whether the inference errors made by
students who complete the inference interven-
tion differ from those of students receiving busi-
ness-as-usual (BAU) instruction.

3. Determine the extent to which the cognitive
load of students who complete the inference in-
tervention is lessened relative to students who
complete BAU instruction.

To address the first purpose, intervention effec-
tiveness was explored using quantitative methods,
including descriptive statistics, to examine demo-
graphic characteristics of students, calculation of
effect sizes to determine group differences on de-
pendent variables, and use of Mann Whitney U, a
non-parametric test to evaluate group differences
in inferencing-error types. Given our small sample,
case studies were also developed to demonstrate the
relationships between standardized test scores, per-
formance on inference-making, and cognitive load
to illustrate variables that might be manipulated and
guide future research.

To address the second study purpose, student
responses were qualitatively coded for errors using a
directed content analysis approach (Hsieh & Shan-
non, 2005) to look for common features based upon
and extending the previous early/late staging of er-
rors proposed by Cain et al. (2001). Common error
types that emerged during analysis were named and
defined to provide a way of interpreting students’
skills and quality of inferencing. These were then or-
dered into a hierarchy of difficulty based on Cain et
al.’s (2001) previous work.

Finally, to address the third study purpose, stu-
dents were asked to complete an adapted form of the
NASA Task Load Index (TLX; Hart, 2006), a measure
of cognitive load, to learn about their perceptions of
the ease or difficulties they experienced when trying
to form inferences post intervention. The original
quantitative index was developed by NASA to under-
stand how to manage cognitive attention and maxi-
mize productivity. For our purposes, it was adapted to
be used by children.
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Method

Participants

Study participants were students from one mid-
dle school (N = 17) serving students in Grades 6-8,
located in a rural, working-class community in the
midwestern United States. The student population is
<5% Asian, 10.8% African American, <5% Hispan-
ic, 0% Indian, and 79.8% White. One hundred per-
cent of students are economically disadvantaged, as
measured by participation in the school’s free and
reduced-price lunch program (see Table 1).

Table 1
Demographics
Variables BAU Infgrgnce IS)Tsilcr)l(c)L
(n=38) (n=9) (n=345)
Grade
6 5 3 130
7 3 3 85
8 0 3 130
Gender
Male 1 5 177
Female 7 168
Free/reduced lunch 8 9 345
Race
White 8 8 244
African American 0 1 54
Hispanic 0 0 24
Other 0 0 23
Special education
No 7 8 298
Yes 1 1 47

Note. BAU: Business-as-Usual condition. GO-Inference: Intervention
condition.

Potential participants were identified through
a two-step process. First, based on scores on the
state-mandated reading comprehension competency
test, the Missouri Assessment Program (MAP; Mis-
souri Department of Elementary and Secondary Ed-
ucation, 2013), from the previous year; students who
performed at or below Basic were identified as less
skilled readers and recruited for participation. Sec-
ond, recruited participants were required to return
signed parental consent forms approved by the uni-
versity’s Institutional Review Board and their school
district board. Students were excluded from partici-
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pation if the school identified them as Limited En-
glish Proficient or as having a significant disability
such as blindness, severe cognitive impairment, or
severe behavioral/emotional disability.

All students who consented to participate in the
study (N = 17) were randomly assigned to either the
GO-Inference condition (7 = 9) or the BAU condi-
tion (n = 8). The racial/ethnic composition of the final
sample was 94% White and 6% African American.
Sixty-five percent were female, 100% were eligible for
free or reduced-price lunch, and no students received
special education services. The final sample included
a mix of less skilled readers from Grade 6 through
Grade 8, with eight students in Grades 6, six in Grade
7, and three in Grade 8.

Instructional Characteristics and Training

Tutors

Instruction in both the GO-Inference and BAU
conditions was provided by two special education
doctoral research assistants. These tutors received six
hours of training on key instructional elements and
procedures, features of effective instruction and be-
havior management, and strategies for supporting
student engagement in both instructional conditions.
Additionally, they participated in weekly meetings
to receive ongoing instructional support and daily
check-ins to ensure high levels of fidelity of imple-
mentation.

Duration and Intensity

Students received 20 minutes of instruction 4
times per week for 8 sessions over a 2-week period,
for a total of 160 minutes. Instruction was delivered in
small, mixed-grade groups. Instructional time, study
duration, and release from scaffolding mirror Elbro
and Buch-Iverson’s (2013) instructional delivery.

Graphic Organizer (GO-Inference) Condition

Tutors utilized a researcher-developed, scripted,
explicit, instructional routine and graphic organizer
(see Figure 1) to help students acquire knowledge and
practice knowledge-based inferencing. Graphic orga-
nizers are an evidence-based, high-leverage practice
for supporting the development of inference-mak-
ing (Dexter & Hughes, 2013; Elbro & Buch-Iverson,
2013; McLesky et al., 2017). The intervention consist-
ed of three components: (a) scaffolded instruction, (b)
feedback, and (c) gradual release of support.

Component 1 — Scaffolded Instruction. Tu-
tors scaffolded instruction to help students gain
knowledge and independence in accurately forming
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knowledge-based inferences through “think aloud-
style” instruction (Kucan & Beck, 1997). The tutor
thought out-loud about what they were (a) looking
at in text, (b) thinking about relevant knowledge, and
(c) doing to integrate information from the text with
knowledge from memory. The tutor and students first
read the text on ancient Egypt (see Figure 1). Then,
the tutor modeled and guided students’ formation of
knowledge-based inferences using a graphic orga-
nizer. The graphic organizer helped to elucidate the
information from the text and the general knowledge
that should be recalled and then integrated to form
knowledge-based inferences about ancient Egypt
(see Figure 1).

Component 2 — Feedback. To increase accuracy
when forming knowledge-based inferences, tutors
gave students written feedback on their graphic orga-
nizers. Specifically, the purpose of the feedback was
to improve students’ accuracy in identifying accurate
and relevant information from text or knowledge
and then integrating these two pieces of information
when forming knowledge-based inferences. For ex-
ample, the tutor might provide feedback on the accu-
racy of the prior knowledge, but guide the student to
re-examine the paragraph with relevant textual infor-
mation as students often retrieved proximal informa-
tion from text rather than the exact information called
for. Alternatively, if a student provided no response to
prior knowledge, the tutor might supply that knowl-
edge. If the student provided no response to textual
information, the tutor might provide cues for where/
what to look for. Students used the written feedback
to correct any part of their inference (i.e., identifica-
tion of information from text or knowledge and the
integration of text with knowledge).

Component 3 — Gradual Release of Support.
The tutor gradually released the amount of instruc-
tional support. By the third intervention session, stu-
dents independently read the passage and inference
question, identified important information from text
and knowledge required to form the inference, and
generated their knowledge-based inference using
the graphic organizer. In their small group, with the
tutor, students discussed the text and knowledge
components of their inference, shared their knowl-
edge-based inference, and used peer feedback and/
or written feedback from the tutor to revise any part
of their inference.

Business-as-Usual (BAU) Condition

In this condition, tutors used a scripted instruc-
tional routine to help students identify the main ideas
of informational texts on ancient Egypt. This instruc-
tional routine was widely used in the district’s English

language arts and social studies classrooms to sup-
port reading comprehension, was familiar to students,
and, therefore, could be considered business-as-usu-
al. In this condition, students were prompted to iden-
tify important details in the text and then synthesize
them into a main idea statement. Research has sup-
ported the contribution of main ideas when forming
inferences (Fritschmann et al., 2007), and main idea is
a commonly implemented and effective intervention
to improve comprehension and build general knowl-
edge (Kim et al., 2012). Instruction consisted of two
components: (a) fluent reading and understanding of
text and (b) formation of main idea statements.

Component 1 — Fluent Reading and Under-
standing of Text. To support students’fluent reading
and understanding of the text, tutors used an explicit
instructional sequence (Archer & Hughes, 2011) of
“I do,” “we do,” and “you do” for each instructional
session. Tutors orally read the text, focusing on mod-
eling appropriate fluency, prosody, and pronuncia-
tion of vocabulary. Next, they directed the students
to whisper-read the passage aloud synchronously.
Finally, students read the passage silently.

Component 2 — Main Idea of Text. Follow-
ing the three readings of the text, the tutor guided
students’ identification of the main ideas of the text.
Small-group discussion helped students to prioritize
the most important ideas in the text.

Instructional Materials

For both the GO-Inference and BAU conditions,
each instructional lesson consisted of the same 5-9
sentence informational paragraphs ranging in Lexile
from 1,000L-1,220L, from the book Egypt World (Cald-
well, 2013). Each passage included a researcher-de-
veloped knowledge-based inference question, which
students in the GO-Inference instructional condition
answered by completing a graphic organizer (see Fig-
ure 1). BAU students completed a worksheet identify-
ing the main idea that would be required if asked to
make an inference.

Fidelity of Implementation

Tutors audio-recorded all intervention sessions
and completed an implementation fidelity check-
list that was specific to their condition. Using the
audio-recordings, fidelity checklists were also com-
pleted by the primary investigator for four of eight
sessions (50%). Checklists documented completion
of the intervention components in the GO-Inference
and BAU conditions. Using percent agreement, im-
plementation reliability was calculated as 97% for the
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GO-Inference condition and 95% for the BAU con-
dition, demonstrating that both interventions were
implemented with high fidelity.

Procedures

Students completed a pretest battery designed
to describe basic reading skills, verbal and content
knowledge, word reading fluency, inference-making,
nonverbal reasoning, and working memory. Pretest
assessments were completed within a two-week win-
dow prior to the first day of intervention. Following
the instructional period, students completed a posttest
assessment battery designed to examine the types
of inference errors middle-grade less skilled readers
make. Reading comprehension, verbal knowledge,
and content knowledge were also reassessed. Posttest
assessments were completed in a two-week window
following the last day of intervention. Three months
later, a delayed posttest battery was administered to
measure the retention of content knowledge and infer-
ence-making error types. The delayed posttest assess-
ments were completed in a one-week window. Testing
at all three timepoints occurred in the school library
during a time identified by the school principal.

Following completion of an extensive training
program on test administration and scoring, two
graduate research assistants administered all assess-
ments to individual students. After all participants
had completed pretest or posttest, research assistants
evaluated the fidelity of test administration using a
two-step process. First, the research assistants dou-
ble-checked their own item-level scoring and calcu-
lation of raw scores and standardized scores. Second,
the research assistants verified each other’s item-lev-
el scores, raw scores, and standardized scores.

Measures

Reading Comprehension. The Gates-MacGini-
tie Reading Tests-Fourth Edition (GMRT-4; MacGini-
tie, 2000) Reading Comprehension subtest is a timed
(35-minute), group-administered assessment consist-
ing of expository and narrative passages ranging in
length from 3 to 15 sentences. Students read each pas-
sage silently and answer multiple-choice questions. In-
ternal consistency reliability ranges from .91 to .93, and
alternate form reliability is reported as .80 to .87 (Mac-
Ginitie, 2000). The Reading Comprehension subtest
was administered at pretest and immediate posttest.

Word Reading Fluency. The Test of Word Read-
ing Efficiency-2 (TOWRE-2; Torgesen et al., 2012) is an
individually administered, standardized assessment
of word reading fluency. For the Sight Word Efficien-
cy subtest, the participant decodes a list of 104 real
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words as accurately and efficiently as possible within
45 seconds. For the Phonemic Decoding Efficiency
subtest, the participant decodes a list of 63 nonwords
as accurately and efficiently as possible within 45 sec-
onds. Alternate form and test-retest reliability coeffi-
cients exceed .90 for students in the middle grades.The
TOWRE-2 was administered at pretest.

Verbal Knowledge. The GMRT-4 Vocabulary
Test (MacGinitie, 2000) is a standardized assessment
of verbal knowledge. Students read and answer 45
multiple-choice items that assess word, world, and
content knowledge. Internal consistency for students
in Grades 6-8 is .83-.89. The GMRT Vocabulary Test
was administered at pretest and immediate posttest.

Nonverbal Reasoning. The Kauffman Brief
Intelligence Test-2 (K-BIT-2; Kaufman & Kaufman,
2004) Matrices Subtest is a standardized assessment
designed to measure fluid thinking. It is individually
administered and consists of 46 nonverbal items that
involve visual stimuli, both meaningful (i.e., people
and objects) and abstract (i.e., designs and symbols).
All items are multiple-choice, requiring the partic-
ipant to point to the correct response or to say its
letter. Internal consistency coefficients (split-half) for
the nonverbal scores for students in Grades 6 through
8 range from .86 to .91. The Matrices subtest was ad-
ministered at pretest.

Inference-Making. The Test of Language Com-
petence-2 (TLC-2; Bowers et al., 2009) Listening
Comprehension-Inference-Making subtest requires
that the student form two plausible inferences on
the basis of two sentences that describe the begin-
ning and end of a causal chain. The two inferences
are selected from four statements. All 12 items and 2
practice items are read to the student. Internal con-
sistency for the TLC-2 ranges from 0.59 to 0.70. The
Listening Comprehension-Inference-Making subtest
was administered at pretest.

Working Memory. The Woodcock-Johnson-1II
(Schrank et al., 2001) Numbers Reversed subtest and
Memory for Words subtest are measures of short-term
memory. For the Numbers Reversed subtest, students
are asked to repeat a series of digits backwards. This
subtest requires the ability to temporarily store and re-
code information presented orally by the examiner. For
the Memory for Words subtest, students are asked to
repeat a series of unrelated words. The subtest mea-
sures verbal memory span. Reliability for both subtests
exceeds .90 for students in Grades 6-8. Both work-
ing-memory subtests were administered at pretest.

Cognitive Load. An adapted version of the NASA
Task Load Index (TLX; Hart, 2006) was implemented to
measure perceived cognitive load. The TLX is a self-re-
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ported assessment of workload that allows workers to
report the demands of tasks related to mental, phys-
ical, and temporal demand, performance, effort, and
frustration (see https://humansystems.arc.nasa.gov/
groups/tlx/). The instrument can be completed online
and uses a sliding 7-point scale. For the purposes of
this study, participants’ ratings of their performance,
effort, and frustration were of interest.

We adapted the scale to be completed by pa-
per and pencil and to be age appropriate, creating a
checklist for children to indicate the levels of demand
they experienced each day of instruction. A 7-point
fixed point scale was employed. For performance,
students rated their daily work as failure, not good,
needs work, okay, pretty good, very good, and perfect,
with failure scored as 1 point, and perfect scored as 7.
For effort and frustration, students rated the demands
from wvery low, pretty low, a little low, okay, a little high,
pretty high, and very high, with very low scored as 1
point, and very high scored as 7 points. Students were
scheduled to complete this measure following dai-
ly instruction. Previous research (Laurie-Rose et al.,
2014) demonstrated the validity of an adapted NASA
TLX self-report of cognitive load with respect to aca-
demic tasks, even for very young children.

Content Knowledge. The Egyptian Content
Knowledge Assessment (Barth & Elleman, 2017)
is a 25-item custom assessment measuring basic
knowledge of ancient Egypt. Of the 25 items, 11 are
multiple-choice and 14 are constructed response; 6
items tap vocabulary, 6 items tap inferencing, and 13
items tap literal comprehension. Internal consistency,
calculated using Cronbach’s alpha, was .89 and .85
among students in Grade 5 and Grades 6-8, respec-
tively. The Egyptian Content Knowledge Assessment
was administered at pretest, immediate posttest, and
delayed posttest.

Proximal Measure of Knowledge-Based In-
ferencing. Students read two texts (e, Nile and

Building Pyramids) selected from the Qualitative
Reading Inventory-5 (QRI-5 Leslie & Caldwell,
2010) and answered knowledge-based inference
questions developed for each text. The Nile passage
is 294 words in length, 850 Lexiles in difficulty, and
includes 5 knowledge-based inference questions. The
Building Pyramids passage is 304 words in length, 850
Lexiles in difficulty, and includes 4 knowledge-based
inference questions.

For this task, student read the Nile passage and
then orally answered the knowledge-based inference
questions. After answering all questions, students
received the Graphic Organizer-Inference and were
prompted to complete it for each inference question.
Next, students completed the Building Pyramids pas-
sage using the same format. Internal consistency for
Nile and Building Pyramids Total score was .83 (Barth
& Elleman, 2017). The Proximal Measure of Knowl-
edge-Based Inferencing was administered at pretest,
immediate posttest, and delayed posttest.

Curriculum-Based Measure of Knowl-
edge-Based Inference-Making. The Curricu-
lum-Based Measure (CBM) of knowledge-based
inference-making consists of three passages drawn
from the book Egypt World (Caldwell, 2013). Students
read each passage aloud and answered a knowl-
edge-based inference question using the Graphic
Organizer-Inference. The graphic organizer permit-
ted examination of the information for text, relevant
knowledge, and integration of text with knowledge.
The CBM Knowledge-Based Inference-Making mea-
sure was administered at immediate posttest and de-
layed posttest.

Analysis Plan

To address the first study purpose, descriptive sta-
tistics for the pretest assessments were first calculated.
Second, Cohen’s d and Hedges” g were calculated to
quantify how much the treatment group differed from

Information from Text
Wealthy people were bused with ghabti
figures 30 that they wouldn't have o work

Information from Knowladge

When you goto e aftedife you are there
for all of temity. Etemnity is a very bong
time.

in the afterlife.

Inference:

~._| Twould wantto bebuded with a shabt
figurcso that I wouldn'thave ©o spend
ctemity, which is a very Jong time,

working.

Figure 1

Sample Passage and Graphic Organizer for Knowledge-Based Inferencing

“Ancient Egyptians worried that they might be expected to work in the afterlife. For this reason, wealthy people were often buried with small
shabti figures. It was thought that these model servants, inscribed with a spell that allowed them to spring to life when needed, would be able
to perform the tasks instead” (Caldwell, 2013). Why would you want to be buried with a shabti figure?
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the BAU group on the proximal measures of infer-
ence-making following the short intervention period.
Both statistics are similar except when sample sizes are
below 20 participants, then Hedges’g outperforms Co-
hen’s d (Durlak, 2009; Hedges & Olkin, 1985).

To address the second study purpose regarding in-
ferencing error types (see Table 2), the Mann Whitney
U, a nonparametric test, evaluated differences between
GO-Inference and BAU conditions on the QRI Knowl-
edge-Based Inference Assessment and CBM Knowl-
edge-Based Inference-Making. The Mann Whitney U
is a robust test that is appropriate for analysis of ordinal
data and accommodates the small sample sizes and
non-normal distributions for some data in this study
(Nachar, 2008).

A directed content analysis (Hsieh & Shan-
non, 2005) was conducted to explore the types of er-
rors made by the middle-grade participants. Previous
work by Cain et al. (2001) with younger children had
staged inference-making errors into (a) early errors by
less skilled comprehenders (e.g., failing to recall prior
knowledge required) and (b) late errors by more skilled
comprehenders (e.g., failure to accurately integrate tex-
tual information with prior knowledge). These stag-
es were the starting point for coding in the current
study, with the intent of exploring application to older
students and also to further define error types. Each
error was identified and grouped for similarities by
the third author, including all individual student er-
rors across both instructional conditions. Error types
were given initial names/codes. The second author
independently reviewed each error group for agree-
ment about similarities and naming conventions. The
second and third authors met to discuss any differ-
ences and complete data reduction and naming. This
directed content analysis extended Cain et al.’s (2001)
conceptualization of early and late errors to include
five types of errors from text, five types of errors from
knowledge, and nine types of errors that occurred
during the integration of text and knowledge (see
Figure 1).

Finally, to address the third study purpose related
to the cognitive load associated with knowledge-based
inference-making, we compared the means on the
three dimensions of cognitive load — performance, ef-
fort, and frustration. Also, because no study to date has
examined the relation between inferencing and cogni-
tive load, data from individual case studies of student
participants were examined to elucidate any trends
that may inform future research and future interven-
tion design.

Knowledge-Based Inference-Making

Table 2
Knowledge-Based Inferencing Error Types

Category of
Error

Specific Type of Error

Text Inaccurate Information From Text
Irrelevant Information From Text

Text Information Replaced With
Knowledge Information

Omission of Information From Text
Total Text Errors

Inaccurate Information From General
Knowledge

Knowledge

Irrelevant Information From General
Knowledge

General Knowledge Replaced With Text
Information

Omission of General Knowledge
Total Knowledge Errors

Integration
of Text and
Knowledge

Inaccurate Text Information Used During
Integration

Irrelevant Text Information Used During
Integration

Omission of Text Information During
Integration

Inaccurate General Knowledge Used
During Integration

Irrelevant General Knowledge Used
During Integration

Omission of General Knowledge During
Integration

Total — Text Integration Errors
Total — Knowledge Integration Errors

Totals — Knowledge and Text Integration
Errors

Results

Descriptive Statistics

Table 2 reports demographic information for the
GO-Inference and BAU conditions and the partici-
pating school district.

Table 3 reports descriptive statistics on standard-
ized measures of word reading fluency, vocabulary,
reading comprehension, nonverbal intelligence, infer-
ence-making, and working memory for students ran-
domized into GO-Inference and BAU conditions. As
seen when examining pretest performance, no signif-
icant differences existed between the BAU and GO-In-
ference intervention groups at pretest. Participants per-
formed approximately one standard deviation below
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the mean on a standardized measure of word reading
fluency and approximately two thirds of a standard
deviation below the mean on a standardized measure
of reading comprehension, nonverbal reasoning, and
working memory. Students performed at the 50 per-
centile on the standardized measure of inference-mak-
ing. Also, students performed close to the mean on a
standardized measure of verbal knowledge but gener-
ally knew less than half of the Egyptian content knowl-
edge before instruction began (see Table 3).

Table 3
Pretest Descriptive Statistics

Assessment GO-Inference BAU

Mean SD Mean SD

TOWRE 84.78 12.03 80.25 4.68
GMRT Vocabulary 99.94 1343 100.39 12.77
GMRT 92.72 10.38 90.15 11.83
Comprehension
KBIT-2 Matrices 88.67 19.14 87.13 14.02
TLC-2 Listening 9.1 1.83 10.63 1.51
Comp - Inference-
Making
WJ Memory for 89.0 11.19  88.88 22.56
Words_SS
WJ Memory for 48411 1230 480.50 32.85
Words_W
WJ Numbers 83.89 1047 87.34 27.78
Reversed_SS
WJ Numbers 491.0 12.0 491.20 31.01
Reversed_W

Note. *Group differences p<.05. SS = standardized score; W = w-score.

Study Purpose 1: To determine the effective-
ness of a brief inference intervention for rural,
middle-grade struggling readers.

Table 4 reports performance on the measures ad-
ministered across the three testing time points (i.e.,
pretest, immediate posttest, and delayed posttest).
Hedges’g suggests that at the immediate posttest, very
small differences existed between the BAU and GO-In-
ference groups on the Egyptian Content Knowledge
total score (g =0.04). Looking closely at the literal items
on the assessment, we can see that the BAU condition,
which focused on generating main idea statements,
outperformed the GO-Inference condition (g = -0.39).
In contrast, on the inference items, the GO-Inference
condition performed slightly higher than the BAU (g=
0.14). At the delayed posttest, the literal and inference
scores favored the GO-Inference condition (g = .18
and g = .14, respectively).

On the Proximal Measure of Knowledge-Based
Inference-Making, the GO-Inference condition out-
performed the BAU condition on the total raw score
(g=.86), text score (g = .80), knowledge score (g=.39),
and integration score (g = .62). Students in both con-
ditions performed near the floor on knowledge and
integration at pretest. A similar pattern was found at
the delayed posttest, with effect sizes ranging from g
=0.09 to 0.81.

The CBM Knowledge-Based Inference-Mak-
ing, comprised of texts from the intervention, was
administered at the posttest and delayed posttest.
At posttest, students in the GO-Inference condition
performed higher than those in the BAU condition
on the total raw score (g = 0.27), text score (g = 0.51),
and knowledge score (g = 0.24), but lower than BAU
on the integration score (g = -.60). At the delayed
posttest, the GO-Inference condition again outper-
formed the BAU on the raw score (g = .55), text (g =
.51), and knowledge score (g = 0.16) but now also on
the integration score (g = 0.65).

Study Purpose 2: To identify whether the in-
ference errors made by students who complete
the inference intervention differ from those of
students receiving BAU instruction.

To examine whether the types of inference errors
differed by condition, student responses on the Prox-
imal Measure of Knowledge-Based Inference-Making
and CBM Knowledge-Based Inferencing were com-
bined and analyzed with respect to the 19 potential
errors that could lead to an incorrect knowledge-based
inference. Errors were classified as coming from text,
knowledge, or an integration of the two (see Table 2).
We determined if the text-based and knowledge-based
information was inaccurate, irrelevant, omitted, or if
students provided information from text when they
should have provided general knowledge (and vice
versa). Table 5 reports significant differences between
GO-Inference and BAU conditions.

When the error scores from the two measures,
Proximal Measure of Knowledge-Based Infer-
ence-Making and CBM Knowledge-Based Inferencing,
were combined, four errors were found to be signifi-
cantly different between the two groups: (a) Irrelevant
Information From Knowledge, (b) Irrelevant Informa-
tion From Text Used During Integration, (c) Omission
of Information From Text Used During Integration,
and (d) Irrelevant Information From Knowledge Used
During Integration.

First, students in the GO-Inference condition
tended to provide significantly more irrelevant in-
formation from knowledge when forming knowl-
edge-based inferences than students in the BAU
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Table 4
Summary of Descriptive Statistics for Pretest, Posttest, and Delayed Posttest
Measure andl— Pretest Posttest Comparison Delayed Comparison
tion Posttest
M SO M S d Heo'ggeS' M SO d  Hedges'g
Gates Vocab GO 9994 1343 9372 11.02
BAU 10039 1277 99.14 6.96
-0617 -0.55
Gates Comprehension GO 9272 1038 925 10.07
BAU 90.15 11.83 9201 1288
0.045 0.041
Content Knowledge RS GO 10 235 1122 315 1089  3.18
BAU 1113 398 1163 283 9.25 4.65
-0.145 -0.13 0444 0396
Content Knowledge VS GO 222 083 189 0.78 2.22 1.09
BAU 138 092 15 0.76 1.38 0.74
0539 048 0.948 0.846
Content Knowledge LS GO 533 325 611 256 567 2.55
BAU 713 233 7 1.6 513 323
-0436 -0.389 0.199 0.178
Content Knowledge IS GO 244 113 322 139 3 1
BAU 263 141 3 16 275 225
0157 0.14 0156  0.139
QRI'Raw Score GO 3.78 222 967 391 9.56 52
BAU 3 239 613 387 6.13 4.26
0968 0.863 0763  0.68
QRIText Score GO 3.1 1.7 567 206 522 35
BAU 216 567 363 277 239 3.07
0.898 0.801 0911 0.812
QRI Knowledge Score GO 3.11 071 222 148 233 213
BAU 0.88 146 163 141 213 236
0434 0387 0.095  0.085
QRI Integration Score GO 033 071 178 14 2 0.5
BAU 0 0 085 146 1.73 0.76
0693 0618 0.453 0.404
CBM Raw Score GO n/a nfa 244 174 2 15
BAU n/a nfa 2 1.31 1.25 1.04
0301  0.269 0.612 0.545
CBM Text Score GO n/a na 156 124 144 0.88
BAU n/a na 1 0.76 1 0.76
0571  0.509 0.567 0.505
CBM Knowledge Score GO n/a n/a 078 0.67 033 0.5
BAU n/a n/a 063 052 0.25 0.46
0264 0235 0177 0.158
CBM Integration Score GO n/a n/a 011 033 0.22 044
BAU n/a n/a 038 052 0 0
-067  -0.597 0.729 0.65

Note. Content Knowledge RS = Egyptian Content Knowledge Assessment Raw Score. Content Knowledge VS = Egyptian Content Knowledge
Assessment Vocabulary Score. Content Knowledge LS = Egyptian Content Knowledge Assessment Literal Comprehension Score. Content
Knowledge IS = Egyptian Content Knowledge Assessment Inferencing Score.
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condition (U = 14, p = 0.018). Second, compared to
the BAU condition, the GO-Inference condition in-
tegrated irrelevant information from text when form-
ing knowledge-based inferences (U = 17, p = 0.037).
Third, relative to the GO-Inference condition, the
BAU condition failed to provide any information
from text when forming knowledge-based inferences
(U =6.5, p=0.001). Fourth, when asked to integrate
information from knowledge, the students in the
GO-Inference condition provided more irrelevant in-
formation than the students in the BAU condition (U
=13.5, p =0.0135).

Table 5

Significant Differences in Errors Made While Forming
Knowledge-Based Inferences by GO-Inference and BAU
Condition

Error  MWU p MDN Range MR.Graphic MR.

Type Organizer-  BAU
Inference

Error1 14 002 -1 -2-2 1144 6.25

Error2 17 0.04 0 -3-3 1.1 6.63

Error3 65 0001 2 2-1 572 12.69

Error4 135 0.01 0 -2-1 11.50 6.19

Note. p <.05 MWU = Mann Whitney U. MDN = median. M. R. = Mean
Rank. Error 1:Irrelevant General Knowledge Used During Integration
on Combined Measure (i.e., Proximal Measure of Knowledge-Based
Inferencing Plus CBM Knowledge-Based Inference-Making). Error 2:
Irrelevant Text Information Used During Integration on Combined
Measure. Error 3: Omission of Text Information During Integration
on Combined Measure. Error 4: Irrelevant General Knowledge Used
During Integration on Combined Measure.

Study Purpose 3: To determine the extent to
which the cognitive load of students who com-
plete the inference intervention is lessened rel-
ative to students who complete BAU instruction.

To examine if the cognitive load associated with
knowledge-based inference-making varied by con-
dition, we examined the means of the self-reported
measure of cognitive load. Descriptive results showed
that students in the experimental GO-Inference con-
dition were more confident in their inference-making
skills, rating their performance an average of 6.67 on a
7-point scale, compared to students in the BAU condi-
tion, who rated their performance an average of 4.73.
Students in the latter condition felt that making infer-
ences was more effortful than their peers in the GO-In-
ference condition, ranking their effort at 3.28, between
a little low and okay. Participants in the GO-Inference
condition rated their effort between pretty low and a lit-
tle low at 2.5. Students in the GO-Inference condition
rated their frustration at 1.67, between very low and
pretty low, while students in the BAU condition rated
their frustration a bit higher at 3.32, between a little low
and okay. (See Figures 2 through 4 for comparisons be-
tween BAU and GO-Inference groups on the cognitive
load measures of performance, effort, and frustration,
respectively. See Table 6 for mean scores by participant.)

Student Case Studies

Given the exploratory nature of this research, data
from individual case studies of student participants
may contribute to understanding of the patterns in
the data. Specifically, we examined the reading, cog-
nitive, and cognitive-load data for two students from
each condition. In the Go-Inference condition, we

Table 6
Case Study Participant Scores by Condition for Cognitive Load, KBIT-2, TOWRE, and WJ-IV
Participant ~ Condition Measure
NASA Task Load Index KBIT WJ TOWRE Gates-MacGinitie

Performance  Effort Frustraton VK MW NR Composite Vocab Comp
Participant 7 GO 7 271 1 88 82 84 80 87.39 874
Participant 15 GO 6.875 1.125 1 104 83 68 66 7739 7739
Participant 4 BAU 47 3.86 3.57 98 52 90 84 100.3875 874
Participant 14 BAU 5.14 5 5.14 97 117 118 84 115.3875 83.387

Note. *pretest scores. NASA Task Load Index of cognitive load provides raw-score estimates of Performance, Effort, and Frustration. KBIT VK:
Kauffman Brief Intelligence-2 Verbal Knowledge standard score. WJ MW: Woodcock Johnson-IIl Memory for Words standard score. WJ NR:
Woodcock Johnson-llIl Numbers Reversed standard score. TOWRE Composite is the Inference-Makings combined standard score for Sight
Word Reading Efficiency and Phonemic Decoding Efficiency subtests. Gates MacGinitie Vocab represents the Vocabulary standard score.

Gates-MacGinitie Comp represents the Comprehension standard score.
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Figure 5
Hypothesized Stages of Errors Made When Forming
Knowledge-Based Inferences

examined the performance of Participants 7 and 15. In
the BAU condition, we examined the performance of
Participants 4 and 14. Below we summarize important
information for the selected participants.

Participant 7 (GO)

Participant 7 had a standard score of 88 on the
KBIT-2 Verbal Knowledge, representing average po-
tential and indicating average general knowledge. On
tests of working memory, standard scores were 82 for
Memory for Words and 84 for Numbers Reversed,
falling just below average in each case, leading us
to anticipate some weaknesses in working memory.
The TOWRE standard score of 80 demonstrates sight
word and non-sense word reading below average. The
Gates-MacGinitie standard scores for vocabulary and
comprehension were in the average range. On the cog-
nitive load measure, this student reported confidence in
their performance with a score of 7/7, pretty low effort
with a score of 2.71/7, and little frustration with a score
of 1/7. On Instructional Day 3, in response to a prompt
about the Nile being the river of life, this student report-
ed from text that”it had rich black mud,” from knowl-

edge that“fertilized land/soil helps to grow crops,”mak-
ing the inference that“the Nile flooded leaving the rich
black soil."

Participant 15 (GO)

Participant 15 had a standard score of 104 on
the KBIT-2 Verbal Knowledge, falling just above the
mean. The participant’s standard scores on the tests of
working memory were 83 for Memory for Words, just
slightly below average, and 68 for Numbers Reversed,
indicating a more significant weakness for working
memory. The below-average standard score of 66 on
the TOWRE indicates that decoding and sight word
reading skills are limited. Vocabulary and comprehen-
sion as measured by the Gates-MacGinitie were also
low, each with scores of 77. In spite of average intel-
ligence as measured by KBIT-2, limitations in work-
ing memory and general knowledge are expected to
impact reading performance. On the self-report of
cognitive load, this student rated their performance
at 6.875 on a 7-point scale, almost perfect, and rated
both effort (1.125/7) and frustration (1/7) as very low.
On Instructional Day 5, prompted to make inferences
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about why Thutmose took revenge on his mother,
from the text, the student reported”so she would not
be king,” and from knowledge, “so her name would
not be remembered in history,” with the inference”so
he could get power and rule Egypt.”

Participant 4 (BAU)

For Participant 4, the KBIT-2Verbal Knowledge score
of 98 approached the mean. For working memory, there
was a discrepancy between the subtests, with a very low
standard score of 52 for Memory for Words and an av-
erage score of 90 for Numbers Reversed. Numbers Re-
versed requires the ability to hold and manipulate num-
bers in a sequence. Familiarity with numbers and order
aids in this task. Memory for Words may compound
demand because unrelated words must be manipulated
and reported in a correct, new sequence. Both tasks rely
on auditory attention and working memory. The weak-
ness in Memory for Words might impact the ability to
organize, store, and retrieve sight words and map flu-
ently in decoding. The TOWRE-2 standard score of 84 is
just below average for sight word and non-sense word
reading. Based on Gates-MacGinitie standard scores,
vocabulary skills were at the mean, and comprehension
skills were average. On the self-report of cognitive load,
this student reported their skills as falling between okay
and pretty good (4.7/7), and reported effort (3.86/7) and
frustration (3.57/7) between a little low and okay.

Participant 14 (BAU)

For Participant 14, the KBIT-2 Verbal Knowledge
standard score of 97 approximates the mean. This stu-
dent had the strongest scores across all participants
for working memory, with scores just above average
of 117 and 118, respectively, for Memory for Words
and Numbers Reversed. Comparably, Gates-Mac-
Ginitie vocabulary was 115, at the top of the average
range. However, comprehension was 83, falling just
below average. TOWRE-2 standard scores estimating
sight word reading and non-sense word reading just
below average may be related to comprehension lim-
itations. Further, this student reported confidence in
their performance as pretty good (5/7) and rated their
effort (5/7) and frustration (5.14/7) both as a little high.

Discussion

In this exploratory study, instruction was designed
to promote acquisition of relevant knowledge and to
provide opportunities to form knowledge-based infer-
ences. Less skilled adolescent readers are less efficient
at forming knowledge-based inferences relative to
proficient adolescent readers (Barnes et al., 2015) even

when they possess the knowledge needed to form the
inference. Inference failure may be caused by several
reasons, such as a failure to recall and/or integrate in-
formation from the text with relevant knowledge of the
topic. In addition, readers may generate incorrect infer-
ences rather than those intended or may fail to make an
inference because they do not realize that one is nec-
essary to maintain their understanding of text (Cain et
al., 2001).

A failure to form knowledge-based inferences for
any one of these reasons will result in a less detailed
and integrated understanding of text and impair com-
prehension. As a result, it is important to understand
how to improve the accuracy with which inferences are
made, the types of errors students make following in-
struction, as well as students’perceptions of instruction
and their performance. Information about perceived
cognitive load can be informative for instructional
design and delivery to reduce cognitive load. Further,
managing cognitive load can increase student engage-
ment and self-efficacy for learning, factors that are es-
pecially important for middle-grade struggling readers
(Billingsley et al., 2018; Guthrie & Davis, 2013). Below,
we summarize and discuss the results of this study as
they relate to these points.

Key Findings

Effectiveness of a Brief Inference Intervention

Following eight intervention sessions (i.e, 160
minutes of instruction), students in the GO-Inference
condition outperformed students in the BAU condi-
tion on multiple measures of knowledge-based infer-
ence-making. Very small but practically meaningfully
differences were found on a proximal measure of Egyp-
tian content knowledge and a standardized measure of
reading comprehension, both favoring the GO-Infer-
ence condition. Results align with those of Elbro and
Buch-Iverson (2013) showing large, positive effects of a
graphic organizer-based inference intervention for typ-
ically developing middle-grade students following 240
minutes of instruction (i.e., eight, 30-minute sessions).
It is important to note that the primary difference be-
tween Elbro and Buch-Iverson’s and the present re-
search is the magnitude of the effect sizes.

Our results suggest that a graphic organizer
approach that proceduralizes the inferencing pro-
cess holds potential for improving inference-making
among less skilled middle-grade readers. An import-
ant next step is to determine the duration and inten-
sity necessary to both automatize the inferencing pro-
cess and ensure that less skilled readers form as many
inferences while reading as more skilled readers do.

30 International Journal for Research in Learning Disabilities Vol. 5, No. 2



Inferencing Errors
Results of this study also suggest that after provid-
ing less skilled adolescent readers with the opportunity
to learn a knowledge base on ancient Egypt and prac-
tice in the formation of knowledge-based inferences,
they had trouble discriminating between relevant vs.
irrelevant but related background knowledge needed
to form knowledge-based inferences. That is, when
failing to form knowledge-based inferences, students
in the GO-Inference condition correctly identified re-
lated information from text but incorrectly identified
the knowledge that should be integrated to form the
inference. This is encouraging in that they recognized
that an inference was called for, and their knowledge
was conditionalized and activated, although they were
not able to accurately select the exact information from
memory that was needed. This is consonant with the
general lack of specificity less skilled readers evidence
in word knowledge and finding main ideas (Hogan et
al,, 2011; Scammaca et al., 2007). In comparison, stu-
dents in the BAU condition often offered no response,
either indicating that they had not learned the knowl-
edge or it was not activated when called for.
Interesting, despite daily exposure, neither group
grew significantly in their content knowledge of an-
cient Egypt, making the attempts by the GO-Infer-
ence group to provide the requisite knowledge to form
inferences even more noteworthy. Evaluation of the
knowledge provided by students in the GO group re-
vealed that the knowledge was not completely wrong.
It consisted of information that was topically related
but irrelevant for an accurate inference to be made.
At the point of integration, students in the
Go-Inference condition failed to form correct knowl-
edge-based inferences for two reasons. First, if the
knowledge they identified was irrelevant, they consis-
tently integrated this irrelevant knowledge into their
inference. Second, in some cases, students identified
the correct textual premise only to integrate irrelevant
information from text with general knowledge. Col-
lectively, these results suggest that the difficulties less
skilled adolescent readers face when forming knowl-
edge-based inferences occur at the point of knowledge
identification and continue throughout the integration
process (Barnes et al., 2015; Cain et al., 2001). Further,
they suggest that learning about ancient Egypt and the
inferencing process was occurring across the interven-
tion and that additional modeling of the inferencing
process and opportunity to acquire the requisite knowl-
edge and use it to form inferences has potential for im-
proving inferencing and comprehension outcomes.
Results of this study also indicate that relative to
the GO-Inference condition, students in the BAU con-

Knowledge-Based Inference-Making

dition failed to integrate relevant information from text
needed to form knowledge-based inferences. That is,
although students correctly identified important infor-
mation from text, they omitted this information upon
integration with general knowledge, often offering no
response at all. These findings suggest that main idea
approaches designed to teach readers how to identify
important information in text, but not to understand
when and why to use that knowledge should be useful.
Thus, main idea instruction in this study did not gener-
alize to inference-making among less skilled adolescent
readers, who needed to both identify and integrate rel-
evant textual premises with relevant knowledge when
forming knowledge-based inferences. This is supported
by recent research showing that main idea approaches
do not generalize to improved inferencing among less
skilled adolescent readers (Barth et al., 2016).

Based on the types of errors less skilled adoles-
cent readers made when forming knowledge-based
inferences, our qualitative data suggest that students
appear to progress through stages as they learn to ac-
curately form knowledge-based inferences (see Fig-
ure 5). This notion aligns with previous work by Cain
et al. (2001) indicating that less skilled readers make
inferencing errors at an earlier stage in the inferenc-
ing process than more skilled readers.

Our data suggest that regardless of condition,
both groups of students progressed through the same
stages. However, students in the GO-Inference con-
dition transitioned across a greater number of stages
than students in the BAU condition. This suggests
that explicit instruction that specifically teaches the
process of inferencing and provides targeted correc-
tive feedback helps students to operationalize the
process of inferencing. The proposed stages are based
on the performance of a small sample of less skilled
adolescent readers, and future quantitative and qual-
itative research is required to validate these stages
with a larger, more diverse sample. Our findings do,
however, provide a starting point for a finer-grained
analysis of errors that can inform instruction and
guide intervention.

Our work suggests that in Stage 1, students fail to
provide information from text or general knowledge.
Stage 2 students provide information from text or gen-
eral knowledge, but one or both pieces are inaccurate.
Stage 3 students provide information from text and
knowledge, but one or both pieces are irrelevant. Stage
4 students accurately identify the relevant information
from text and general knowledge but fail to accurately
integrate both pieces of information. Stage 5 students
accurately identify but only partially integrate informa-
tion from text and general knowledge. Finally, Stage 6
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students accurately identify and fully integrate infor-
mation from text and general knowledge.

Cognitive Load

Additionally, our findings suggest that future
inference-making research should consider the per-
ceived cognitive load of this complex task for students
and its relationship to learning outcomes. In this
study, students in the experimental (GO-Inference)
condition rated their performance higher and their
effort and frustration as less than their peers in the
BAU condition, suggesting that the explicit instruction
in inference-making and the scaffold of the graphic
organizer helped to reduce the demands on working
memory and to manage extrinsic cognitive load.

Managing cognitive load is intended to optimize
long-term memory (Chandler & Sweller, 1991). For
inference-making, which relies on the efficient search
and retrieval of specific information from long-term
memory (O’'Brien et al., 1998), considering cognitive
load in instructional design may support improved
learning. With this small sample, examining relation-
ships among cognitive skills such as working memo-
ry and cognitive load was not possible, but should be
studied in the future, along with additional studies to
validate adapted measures of cognitive load for chil-
dren (Laurie-Rose et al., 2014).

Practical Implications

This experimental trial, using randomization
to condition, was designed to improve our under-
standing of the types of errors less skilled adolescent
readers make when forming knowledge-based infer-
ences. The practical implication of these findings sug-
gests first that less skilled adolescent readers experi-
ence difficulty identifying relevant information from
text or general knowledge needed to form knowl-
edge-based inferences. Consequently, instructional
approaches designed to improve inferencing need
to explicitly teach students how to both identify and
integrate relevant information. Graphic organizers
demonstrate some evidence for capacity to scaffold
this knowledge activation and integration.

Second, the results suggest that main idea ap-
proaches that help readers to identify important
information in text, but do not explicitly show stu-
dents how to integrate important information in text
when forming knowledge-based inferences, may not
be sufficient for supporting the formation of knowl-
edge-based inferences among less skilled adolescent
readers.

Third, as students are learning how to form
knowledge-based inferences, they may transition

in the types of errors that they make. Consequent-
ly, classroom teachers should examine the process of
inferencing (i.e., types of errors) as much as the prod-
uct of inferencing (i.e., was the inference correct or
incorrect?). An important next step is to determine
how much instruction and practice is required to
move students through the error process more rap-
idly as well as the type of feedback that facilitates this
transition. This step is clinically important because it
will provide insight about the duration and intensity
of instruction needed to help adolescent less skilled
readers form knowledge-based inferences during
reading as well as the type of feedback that teachers
might use to move students across stages.

Fourth, for older struggling readers, who have of-
ten experienced substantial and persistent academ-
ic failures (Stevenson & Mussalow, 2018), and who
have cognitive profiles that predict poor reading per-
formance and relate to behaviors such as disengage-
ment, avoidance, and other challenging behaviors,
considering their perceptions of instructional con-
ditions can (a) guide instructional design (Billingsley
et al., 2018; Guthrie & Davis, 2013), (b) be useful in
screening for early intervention (Laurie-Rose et al.,
2014), and (c) serve as a potential antecedent preven-
tative for behavior (Stevenson & Mussalow, 2018).

Study Limitations and Future Research

This study provides preliminary information
about the nature of inferencing errors among ado-
lescent less skilled readers. The exploratory nature
of the study revealed a couple of important limita-
tions to consider for future research. First, although
two measures of knowledge-based inferencing were
administered, future research should further devel-
op and refine measures of knowledge-based infer-
ence-making. For example, readers make a variety
of knowledge-based inferences while reading. In-
ferences may be generated to create causal, spatial,
or temporal relations or be made to establish inten-
sions, motivations, emotions, or traits important for
maintaining coherence (Hall & Barnes, 2017). Given
the wide variety of inferences readers make, inference
assessments that more broadly assess these different
types could serve to isolate the different points of in-
ference breakdown. Such data could then be used to
create more comprehensive inference interventions.

Second, instruction in the current study was only
160 minutes long and designed to promote knowl-
edge acquisition and provide practice in forming
knowledge-based inferences. The short duration is
consonant with other studies of knowledge-based
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inference-making (Cain et al, 2001, Elbro &
Buch-Iverson, 2013). However, reading research has
established that less skilled adolescent readers are
often resistant to intervention and require increased
intensity and duration to influence learning (Denton
et al.,, 2013). Future research and practice, therefore,
should increase the duration, frequency, and intensity
of inference instruction.

Third, future studies should explore multiple
intervention components. In the present study, the
graphic organizer did cue knowledge retrieval, but the
knowledge test demonstrated insufficient knowledge
development at posttest, and vocabulary knowledge
specific to the curriculum was not assessed. Including
explicit instruction in each of the variables that di-
minish inference-making capacity should be includ-
ed and evaluated in future multi-component reading
interventions.

Fourth, our sample size was small. Although stu-
dents were randomized to condition, future research

Knowledge-Based Inference-Making

should increase the sample size such that it is fully
powered to test the effects of intervention. Given the
small sample size, for example, it was not possible to
observe developmental differences across grades or
differences perhaps attributable to demographic vari-
ables such as free and reduced-price lunch status.

Fifth, the sample lacked diversity. Future research
should diversify the demographics of the sample to
better understand how interventions designed to
promote knowledge acquisition and teach knowl-
edge-based inferencing generalize across the various
subgroups of less skilled readers in the middle grades.

Sixth, research should further explore the hierar-
chy of error types proposed by this study, as well as
develop competing models for consideration. Final-
ly, an adapted version of the cognitive load measure
(TLX) was utilized in this study. Future studies might
consider using the original measure, with a larger
sample size, that is fully powered to detect differences
between the intervention and BAU groups.
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