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Abstract

Prior studies suggest that teaching reading strategies promotes reading compre-
hension in adolescents who have difficulties with reading comprehension, yet the
results of those studies are mixed. Individual differences in students’ vocabulary
knowledge may explain these mixed results. This article examines to what extent
vocabulary knowledge influences the effect of a two-year intervention program fo-
cused on teaching reading strategies to adolescents with low academic achievement
in the Netherlands. We hypothesized that students (N=310) with different levels
of vocabulary knowledge would respond differently to the treatment, given that
vocabulary knowledge is an important factor in reading comprehension. Results
showed that vocabulary knowledge moderated the effect of the treatment, suggest-
ing that low vocabulary knowledge negatively affected the impact of an intervention
focused on reading strategies. Vocabulary knowledge, thus, emerges as a prerequi-
site for the successful leveraging of a reading strategy intervention. Students with
low vocabulary knowledge may experience cognitive overload when attempting to
apply newly learned reading strategies while simultaneously trying to find out the
meaning of multiple unfamiliar words needed for successful application of reading
strategies.

Keywords Adolescents with low academic achievement - Reading
comprehension - Reading strategies - Vocabulary knowledge - Moderating effect

Many adolescents struggle with reading comprehension (e.g., Organisation for Eco-
nomic Co-operation and Development [OECD], 2003; OECD, 2014). Since it is a
fundamental skill in many school subjects, poor reading comprehension has serious
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implications for students’ educational success and, consequently, for their later soci-
etal careers. Since the 1980’s, reading programs have focused on teaching reading
strategies in order to foster reading comprehension (Pressley & Afflerbach, 1995;
Raphael et al., 2009). However, results of research in teaching reading strategies to
adolescents with low academic achievement are mixed (Edmonds et al., 2009; Fog-
arty et al., 2014; Okkinga et al., 2021; Simmons et al., 2014; Vaughn, 2013). A pos-
sible explanation for the different results is that these studies do not take individual
differences in students’ skills into account. In the present study we analyzed whether
vocabulary knowledge moderated the effect of instruction in reading strategies on
reading comprehension in adolescents with low academic achievement.

Reading comprehension and vocabulary knowledge

Reading comprehension is a complex process involving several sets of knowledge
and skills. Most models of reading comprehension distinguish between lower and
higher order skills that interact in the process of creating a mental representation of a
text, or a situation model (Kintsch, 1998). To construct a coherent mental representa-
tion, the information in the text is integrated with the readers’ background knowl-
edge. Lower order skills include letter and word recognition (Perfetti et al., 2005),
while higher order skills refer to the ability to give meaning to words and sentences,
make inferences and representations of paragraphs or a text as a whole (Aarnoutse
& Van Leeuwe, 1988). Vocabulary knowledge is a basic component of these higher
order skills of reading comprehension.

It is safe to assume that if many words of a text are not properly understood, it
becomes difficult to comprehend the text (Torgesen, 2000). This assumption is sup-
ported by ample empirical evidence in which a strong relationship between vocabu-
lary knowledge and reading comprehension is found (Ahmed et al., 2016; Ouellette
& Beers, 2010; Tilstra et al., 2009; Trapman et al., 2014; Van Gelderen et al., 2004;
Gelderen et al., 2007; Van Steensel et al., 2016; Verhoeven & Van Leeuwe, 2008).

Instructing reading strategies to foster reading comprehension

A reading strategy is a mental tool a reader uses purposefully to monitor, repair, or
bolster comprehension (Afflerbach & Cho, 2009). The use of reading strategies is
a deliberate and goal-directed attempt to construct meaning from text (Afflerbach
et al., 2008). In the literature, metacognitive and cognitive strategies that aid the
process of reading are distinguished (Dole et al., 2009). Researchers have suggested
many different strategies (Pressley & Afflerbach, 1995). Important strategies involve
setting explicit reading goals, activating relevant background knowledge, allocating
attention to major content while ignoring irrelevant details, evaluating the validity
of text content, comprehension monitoring, and making and testing interpretations,
predictions, and drawing conclusions (Palincsar & Brown, 1984).

A widely used method of instructing, teaching, and guiding adolescents with
poor reading skills in the use of reading strategies to foster reading comprehension
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is reciprocal teaching (Palincsar & Brown, 1984; Palincsar et al., 1987). Reciprocal
teaching consists of a set of three principles: (a) teaching comprehension-fostering
reading strategies (b) expert modeling, scaffolding and fading; and (c) students tak-
ing turns in practicing reading strategies and discussing with other students. The
method includes the teacher explicitly modeling the use of reading strategies during
the start of reciprocal teaching (Rosenshine & Meister, 1994) as well as scaffolding
the application of reading strategies within the groups of students working together.
During this process, students become increasingly more capable of regulating their
own reading process and the role of the teacher gradually fades. Many studies have
demonstrated positive effects of this approach (Kelly, Moore, & Tuck, 2011; Pal-
incsar & Brown 1984; Rosenshine & Meister, 1994; Sporer et al., 2009; Webb et
al., 2019). However, there are also indications that the approach of teaching reading
strategies based on reciprocal teaching is not always successful in improving adoles-
cents’ reading comprehension (Edmonds et al., 2009; Fogarty et al., 2014; Muijselaar
etal., 2018; Okkinga et al., 2021; Simmons et al., 2014; Vaughn, 2013). An important
factor that might explain these mixed results is the role of vocabulary knowledge in
reading comprehension and strategy use.

Most interventions aimed at instructing reading strategies to foster reading com-
prehension in adolescents with low academic achievement are based on research
that is focused on characteristics of the reading process of good readers (Pressley
& Afflerbach, 1995; Raphael et al., 2009). The idea is that if students who struggle
with reading comprehension are taught the reading strategies used by skilled readers,
their reading behavior will change and their comprehension of texts will improve as
they learn to implement these strategies. However, this line of reasoning overlooks
other important skills that support reading comprehension. In particular, readers who
struggle with reading comprehension differ from skilled readers not only in their use
of reading strategies, but also in their vocabulary knowledge. As has been widely
documented, vocabulary knowledge explains adolescents’ reading comprehension
to a considerable degree, even within the group of adolescents with low academic
achievement (Trapman et al., 2014; Trapman, Van Gelderen, Van Schooten, & Hul-
stijn, 2017; Van Gelderen et al., 2004, 2007; Van Steensel et al., 2016). Adolescents
with little vocabulary knowledge may be less able to profit from strategies derived
from the good readers’ reading processes. These students might be also less likely to
profit from instruction in reading strategies than students who struggle with reading
comprehension but with a larger vocabulary.

For example, a strategy such as monitoring comprehension of sentences depends
for a large part on the degree of accuracy of knowledge of the words used in these sen-
tences. From the literature about reading comprehension, it is known that the reading
process including the conscious use of strategies for comprehension is cognitively
highly demanding (Kendeou et al., 2014). Perfetti and Hart (2002) point to the role
of lexical quality in the reading process and to the consequences for readers suffering
from low lexical quality. Lexical quality pertains to the connections made between
the orthographic, phonological and semantic properties of words. For readers who
have a low lexical quality, which may pertain to each of these properties of vocabu-
lary knowledge, overcoming word-level comprehension problems can be cognitively
demanding. Therefore, it is plausible that poor readers have to use their working
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memory primarily for word-level issues and therefore lack working memory space
for the application of more general strategies for comprehension. Adolescents suffer-
ing from insufficient vocabulary knowledge will therefore be at a disadvantage in the
use of strategies for monitoring comprehension, one of the most important activities
in the approach of reciprocal teaching practiced by Palincsar & Brown (1984).

Following this line of reasoning, we hypothesize that adolescents with low aca-
demic achievement differing in their level of vocabulary knowledge will not ben-
efit similarly from an intervention aimed at instructing reading strategies to foster
reading comprehension. In other words, these adolescents may differ in vocabulary
knowledge and this may influence their response to a reciprocal teaching interven-
tion directed at the improvement of reading strategies. Specifically, we hypothesize
that students with a smaller vocabulary will benefit less from the intervention than
students with a larger vocabulary.

The present study

In the present study, reciprocal teaching was used in a two-year intervention to
improve reading comprehension of adolescents with low academic achievement,
defined as students placed in the two lowest tracks of the Dutch secondary education
system on the basis of a general academic attainment test (see Sample). Previously,
we found small effects of implementation quality of the intervention on students’
growth in reading comprehension between students in the experimental and con-
trol condition, but no overall main effect (Okkinga et al., 2018, 2021). It is possible
that students’ vocabulary knowledge moderated the effect of the intervention. As dis-
cussed above, differences in vocabulary knowledge can be decisive for reading com-
prehension and for the application of reading strategies and therefore may moderate
the degree of growth in reading comprehension.

For that reason, we examine the moderating role of vocabulary knowledge in the
effects of the intervention on growth in reading comprehension.

We will answer the following research question:

Is the effect of a reading strategy intervention to improve reading comprehen-

sion in adolescents with low academic achievement moderated by vocabulary
knowledge?

Method

Design

A two-year longitudinal design with a cluster randomized controlled trial was used
in this study (Shadish et al., 2002). Randomization took place at the class level. At

every participating school two classes, each with their own Dutch language teacher,
took part in the study. The dependent variable, reading comprehension, was mea-
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sured at four time points. We included control variables on the student level (gender,
IQ, language background, metacognitive knowledge and age). Finally, vocabulary
knowledge was included as a moderator variable.

Gender was included as a control variable because girls generally show better
reading skills than boys (Logan & Johnston, 2009; Schaffner et al., 2016). Higher
scores on IQ and metacognitive knowledge (defined as knowledge of text character-
istics and reading strategies) correlate with higher scores on reading comprehension
and, therefore, also IQ and metacognitive knowledge were included as control vari-
ables (Just & Carpenter, 1976, 2004; LaBerge & Samuels, 1974; Rumelhart, 2004;
Samuels, 2004; Ouellette & Beers, 2010; Van Gelderen et al., 2004; Gelderen et
al., 2007; Verhoeven & Van Leeuwe, 2008; Trapman et al., 2014). Since empirical
evidence suggests that factors contributing to reading comprehension are different
for adolescents with low academic achievement who mainly speak another language
than Dutch at home compared to students who speak mainly Dutch at home (Trap-
man, 2015), language background was also included as a control variable. In addi-
tion, age was included as a control variable.

Sample

Our study focused on adolescents with low academic achievement. Our operation-
alization of low achievement was based on educational track. The Netherlands has
a tracked system of secondary education. After primary school, students are placed
in one of three tracks—prevocational secondary education, senior general secondary
education, or pre-university education— on the basis of their scores on a general aca-
demic attainment test and their educational performance as assessed by their primary
school teachers (Ministry of Education, Culture, & Science, 2006)". Since students in
prevocational education tend to have poor reading skills (Dutch Education Inspector-
ate, 2008; Gille et al., 2010), we selected our sample from schools offering this type
of education.

We recruited schools in two ways. First, we contacted schools that had participated
in a previous study. Second, we contacted schools via a digital community of Dutch
language teachers. Schools had to meet the following five criteria:

Willingness to participate in a treatment study.

They had (at least) two seventh grade classes.

Each class had its own Dutch language teacher.

The teachers were prepared to take part in the randomization procedure, implying
that (a) if their class was assigned to the treatment condition, they were prepared
to take part in our training and coaching program and to weekly give the experi-
mental lessons; and (b) if their class was assigned to the control condition, they
were prepared to not use our program nor discuss its contents with the colleague
in the treatment condition.

! The prevocational track is subdivided in three types. We selected our sample from the two lowest of
these, representing about the 30% lowest scoring on the general attainment test.
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e Control teachers were requested to use their regular reading program during the
language classes.

Ten different schools in different parts of the Netherlands were willing to partici-
pate. Within each school, two teachers volunteered. Randomization was done at the
class level within each school, resulting in a total of ten experimental and ten control
classes. At the start of the study, these classes comprised 369 students, of which 189
were in the treatment condition (51%) and 180 in the control condition (49%). The
students’ mean age was 13.01 years (SD=0.52) at the start of the project. The mean
ages of the students in the two conditions did not differ significantly (#(366) =-1.27,
p=.20). There were relatively more girls in the sample (2=200; 54%) than boys
(n=169; 46%), with relatively more girls than boys (59 vs. 41%) in the treatment
condition. The distribution in the control condition, however, was more balanced (49
vs. 51%). The difference in distribution between the two conditions was statistically
significant (3’ (1)=3.99, p=.046). Most of the students had a Dutch language back-
ground (84.2%), while a minority more often spoke another language than Dutch at
home (15.8%). The distribution of language background across conditions did not
differ statistically (4° (2)=0.024, p=.988).

More female than male teachers participated in the study (n=15 vs. n=5). There
were two male teachers in the treatment group and three in the control group. The
mean age of the teachers was 46.40 years (SD=11.12). On average they had 13.50
(SD=13.73, min=1, max=38) years of teaching experience in secondary education.
No significant differences were found between the conditions on age (¢ (14)=-0.45,
p=.66) and years of experience (¢ (14)=0.053, p=.96).

Attrition and teacher replacements

One experimental class dropped out of the study after one year, because the teacher
was replaced by another teacher who was not willing to continue the cooperation.
The data of this class (24 students) were therefore not included in this analysis. In
two other experimental classes replacement of teachers took place. Both teachers got
seriously ill, one after half a year, the other after the first year. They were replaced by
other teachers who continued the cooperation, but it took the schools several weeks
to find the replacement. In the control condition, three teachers were immediately
replaced, due to illness, a new job or because the teacher had to teach other classes.
One of these replacements occurred at the end of the second year, one after one year,
the third after half a year. In order to account for these replacements and missed
classes, two control variables were added to our analysis: teacher replacement (0, 1)
and cancelled classes (0, 1).

There was considerable attrition among the students. From a total of 369 students
at the start of the project, 44 students changed schools, of which 19 students were
in the treatment condition and 25 in the control condition. Seven students (7,ment
=4; N = 3) switched classes within their school. Three students were ill for a
longer period of time during the study, of which two were in the treatment condition.
The frequency distribution of these categories (students staying, changing schools,
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switching classes, and illness) across the treatment and control condition did not dif-
fer significantly, »°(3)=4.78, p=.19. In addition, we excluded students (n=>5) who
were not at least present during the first two test sessions (i.e. the first year of the
intervention). A total of 310 students were included in the analyses, of which 165
students in the treatment condition and 145 students in the control condition.

Treatment

Our intervention consisted of the training of five strategies that were shown to be
related to reading comprehension in previous research (Dole et al., 1991; Palincsar &
Brown, 1984; Pressley & Afflerbach, 1995; Van Silfhout et al., 2014):

1. Predicting. On the basis of text features such as title, subheadings, and pictures,
students are instructed to make predictions about text content before reading, and
to check their predictions while reading.

2. Summarizing. Students are instructed to summarize sections of text, encouraging
them to focus on main ideas and ignore irrelevant details as well as to check their
understanding of the text so far.

3. Self-questioning. Students are instructed to generate questions about the text being
read, helping them to focus on main ideas as well as to monitor understanding.

4. Clarifying. When confronted with a word or passage they do not understand,
students are instructed to reread, read ahead, or, in the case of an unknown word,
analyze it, and see whether its meaning can be inferred by looking at parts of the
word.

5. Interpreting cohesive ties. Students are instructed to look for relationships
between sentences or paragraphs that are connected, for instance, by using ‘sig-
nal words’ (different types of connectives).

These reading strategies were taught in the context of an existing program called
“Nieuwsbegrip”®, developed by the CED Group in Rotterdam (“Newswise”). Les-
sons were developed weekly by a team of developers at the CED Group and were
based on recent news articles (i.e., texts that had been issued the week before) about
subjects related to students’ everyday life (e.g., sugar in energy drinks, abdication
of the Dutch queen, or 20 years of text messaging). The use of topical, interesting
texts was assumed to increase students’ task motivation (Guthrie & Wigfield, 2000;
Schiefele, 1999). The teachers could download the lessons from the program website
(www.nieuwsbegrip.nl) and were made available every Monday evening of the week.

Lessons were provided in sequences, each consisting of six weekly lessons
(approximately 45 min per lesson). In each of the first five lessons, the focus was on
one reading strategy that was practiced in an assignment provided on a worksheet. In
addition, students could work on other assignments (i.e., answering questions about
the text) on the worksheet. The total duration of the intervention was 70 lessons
divided over two school years. The lessons started after the autumn holiday, and
lasted until the summer holidays of the second intervention year. The actual number
of lessons provided varied, since teachers were occasionally ill or schoolwide events
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Table 1 Examples of assign- Strategy Example
ments for each reading strategy

Predicting This text has five subheadings. Write down
for each subheading (a) which thoughts
it evokes and (b) what you already
know about the subject addressed in the
subheading.

Summarizing Read the text. Read paragraph by para-
graph and underline in each paragraph the
most important information. For each para-
graph, write one or two sentences summa-
rizing it. Use the words you underlined.

Self-questioning Read the text. Note at least five questions
that spring to mind while reading.

Clarifying Search the text for difficult words. Try to
uncover their meaning using these hints:
(a) reread the previous piece of text or read
on, (b) look at the illustrations in the text,
(c) look at the word: you might know part
of the word, (d) sometimes you have to use
your own knowledge to figure out word
meanings, or (e) use a dictionary.

Interpreting cohesive  Read the text. Underline the signal words.

ties Answer the questions, while noting the
signal words:
* Which contrast is explained in lines
16-17? [signal word=however]
* Why are energy boosters unfit as sports
drinks? [signal word=hence]

took place. In classes where more than 6 intervention lessons were cancelled, this
was taken into account as a control variable (see supplementary material Appendix
B).

Students were trained in each of the five strategies several times during the year.
This cyclical approach was assumed to result in the consolidation of strategy use. In
the final lesson of each sequence all strategies were practiced simultaneously. The
idea behind this was that students have to be able to apply all strategies together dur-
ing the reading process, selecting an appropriate strategy at the right moment. Table 1
provides an example of an assignment for each reading strategy.

The didactic approach underlying the program “Newswise” is reciprocal teaching
(Palincsar & Brown, 1984). As mentioned earlier, reciprocal teaching is a widely
used method of instructing and guiding learners in reading comprehension. It consists
of a set of three related instructional principles: (a) direct teaching of comprehension-
fostering reading strategies, including predicting, question-generating, summarizing,
and clarifying; (b) expert modeling, scaffolding and fading; and (c) students practic-
ing and discussing reading strategies with other students, guided and coached by the
teacher. Reciprocal teaching assumes a gradual shift of responsibility for the learn-
ing process from teacher to student, which includes the teacher explicitly modeling
the use of reading strategies (Rosenhine & Meister, 1994) as well as scaffolding the
application of reading strategies within the groups of students working together. It
is assumed that by gradually fading teacher support, students become increasingly
more capable of regulating their own reading process.
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Treatment teachers took part in a training and coaching program that was con-
ducted by teacher trainers from the Rotterdam University of Applied Sciences, who
had, in turn, been trained by Authors 1, 2, and 4. In the first phase (October 2011-Jan-
uary 2012), teachers participated in three one-hour training sessions, covering the
didactic principles of the programme. In the second phase (February 2012-May
2013), teachers participated in six coaching sessions; three coaching sessions dur-
ing February-June 2012 and three coaching sessions during September 2012 — May
2013. A coaching session involved a classroom observation conducted by the trainer
during an intervention lesson, followed by a feedback meeting of approximately
twenty minutes on the same day (See for detailed information about treatment imple-
mentation and fidelity: Okkinga et al., 2021).

Control classes

Control classes were “business as usual”. Teachers in the control classes used the
regular textbook for Dutch language teaching that was used in their school. Among
the schools in the study, three different language textbooks were used. The textbooks
and their teacher manuals were analyzed according to the three principles of instruc-
tional strategies in the treatment condition: instruction of reading strategies, model-
ing, and group work. Attention was given to reading strategies in all three textbooks.
However, not all strategies that were covered in the treatment condition were also
covered in the control textbooks. Reading strategies that were referred to were: pre-
dicting, clarifying, and attention to cohesive ties. Self-questioning did not occur and
little attention was given to summarizing.

No attention was given to modeling by teachers or students in the teacher manu-
als of the control classes. Almost all of the assignments were individual and there
were only a few instances where students were instructed to work together on an
assignment.

Treatment fidelity

We conducted classroom observations in both the experimental and control condi-
tions twice each year, resulting in a total of four observations for each class. Our
aim was to examine (a) whether the treatment teachers provided the lessons in the
way we instructed during the training and coaching program and (b) whether the
control teachers applied the three treatment principles, even though they were not
trained to do so. We used four-point scales (0—3) to assess the treatment fidelity of the
main three elements of the intervention: Whole-class teaching of reading strategies,
teacher and student modeling, and group work (see for more information Okkinga
et al., 2018). The four observations per class were averaged to create one score for
each element of treatment fidelity (Table 2). As can be seen in Table 2, the treatment
classes scored higher on all three elements.

Inter-rater reliability was calculated by means of observed agreement between
two observers. In total, 30 from a total of 76 classroom observations were performed
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Table 2 Descriptives Treatment  vjriable Treatment  Control
fidelity (n=8) (n=10)
Mean (SD) Mean t-value p-value
(SD)
Strategy-instruction 1.81 (0.80) 1.13 2.02 0.061
Note. Scoring bet th (0.65)
ofe. Scoring between the Modeling 0.84 (0.65) 0.33 2.15 0.047
three variables cannot be
(0.35)
compared one-on-one. The
meaning of the scoring (0-3) is Group work 2.00 (1.14) 0.30 4.51 <0.001
different for each variable. (0.33)

independently by two coders. Across these 30 observations, 93.89% observed agree-
ment was obtained.

Measures
Reading comprehension

Reading comprehension was measured by means of the SALT-reading, a test that was
validated for use among adolescents with low academic achievement (Van Steensel
et al., 2013). The SALT-reading comprises eight tasks, each consisting of one or
two texts and comprehension questions about those texts. The texts cover different
genres (narrative, expository, argumentative, and instructive) and were selected from
media students come across regularly in their daily lives: (school) books, newspa-
pers, magazines, and official documents (such as regulations in a youth hostel). The
eight tasks comprised a total of 59 test items, that were divided into three categories:
items requiring students to retrieve relevant details from the text, items requiring
students to make inferences on a local level (e.g. cause-effect relationships between
sentences), and items requiring students to show their understanding of the macro
structure of the text (e.g., by inferring the main idea of the text or the intention of
the author). The test consisted mainly of multiple choice questions but contained
also five open-ended questions. The SALT-reading was administered at four time
points (See Design). The Cronbach’s alpha coefficients were 0.82, 0.83, 0.82, and
0.85 respectively.

Vocabulary knowledge

Vocabulary knowledge was assessed with a 73-item multiple-choice test, measur-
ing the knowledge of nouns, verbs, adjectives, and adverbs belonging to the 23,000
words in a dictionary for junior high school students (see Hazenberg & Hulstijn
1996, for details). Each item consists of a neutral carrier sentence with a bold-faced
target word and four answer options, one of which represents a correct synonym.
The vocabulary knowledge test was administered two times (at pretest and at the
end of the first school year). The Cronbach’s alpha coefficients were 0.86 and 0.85,
respectively. As there was a substantial correlation between the repeated measure for
vocabulary (r=.72) and there was no relation between the test items and the contents
of the lessons, we decided to use both sources of information in our measure for
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vocabulary knowledge to increase the reliability of the measurement. Therefore, the
average of the repeated measure was used as a measure for vocabulary knowledge.

Metacognitive knowledge

Metacognitive knowledge was assessed with Trapman’s and colleagues’(2014) adapted
version of the metacognitive knowledge test directed at adolescents (grades 8 to 10)
constructed by Van Gelderen et al. (2003) and Van Gelderen et al. (2007).

Items consisted of correct or incorrect statements about text characteristics and
reading and writing strategies. Students had to indicate whether they agree or dis-
agree with each statement. An example of an incorrect statement about text charac-
teristics is ‘The order in which you present the information in your text is usually not
relevant’. An example of a correct statement about text characteristics is ‘Sometimes
you need to know more than what is in the text to understand the text properly’. The
test consisted of 45 items and was administered at the end of the first school year. The
Cronbach’s alpha coefficient was 0.51. Although this indicates a rather low level of
reliability (Field, 2009), the measure predicted significant variance in reading com-
prehension in previous research (Trapman et al., 2017). Therefore, we maintained the
measure in the analyses.

Nonverbal I1Q

Intellectual ability was measured by administering the Raven Progressive Matrices at
pretest. The test consists of 60 items, divided into 5 sets of 12 items. Each item rep-
resents a logical reasoning puzzle. The items become more difficult within a set and
the sets become increasingly difficult as well (Raven et al., 1998). A pilot of the test
for our target group showed that the last set was too difficult for these students. There-
fore, we administered only four sets. The Cronbach’s alpha coefficient was 0.82.

Language background

Language background was assessed with a questionnaire asking students which
language they predominantly speak with their primary caregiver. There were three
options: (1) the student speaks predominantly Dutch with his or her primary care-
giver, (2) the student speaks predominantly a different language than Dutch with
his or her primary caregiver, and (3) the student speaks as much Dutch as another
language with his or her primary caregiver. Language background was operational-
ized as an ordinal variable with students who mainly spoke Dutch with their primary
caregiver coded as 0 and students who spoke a different language than Dutch with
their primary caregiver coded as 2, while students who spoke as much Dutch as a
different language were coded as 1.
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Analyses
Missing data treatment

After the collection of all data, the dataset contained data of 310 students. To prevent
loss of students in the multilevel analyses, occasional missing items were coded as
incorrect and for other instances (students missing a whole page) missing data were
imputed for independent variables (never exceeding 7% of the cases per item), using
the EM procedure from SPSS missing value analysis.

Procedure of multilevel analyses

Repeated measures multilevel regression analyses were performed to account for
the hierarchical structure of the data (using MLwiN 2.16; Rasbash et al., 2009). The
time variable ‘Occasion’ (variance within students across times of measurement) was
defined in months; with the first measurement of reading comprehension at month
zero, and subsequent measurements at months 9, 12, and 22, respectively. These
months correspond to the following time points: September 2011, June 2012, Sep-
tember 2012, and June 2013. Dichotomous independent class and student variables
were always scored 0 and 1, all continuous independent variables (IQ, age, vocabu-
lary and metacognitive knowledge) were centered around the grand mean before add-
ing them to the model (Hox, 2010).

First, we tested whether adding a class or school variance level to the model sig-
nificantly improved model fit. Levels significantly improving model fit were added
to the model. Second, we tested whether a model with random slopes both at the
student or class level improved model fit, as is recommended by Hox (2010). Results
for these two steps are presented in Appendix A. Third, we added the class level vari-
ables ‘teacher replacement’ and ‘cancelled classes’ to check whether we should cor-
rect for these variables (see supplementary material Appendix B). Fourth, we tested
whether the student-level control variables gender, IQ, age, language spoken at home
with primary caregiver, and metacognitive knowledge significantly improved model
fit. In addition, vocabulary knowledge was included as a predictor, because this was
necessary for the later testing of its moderating effect (see Table 5). Fifth, we tested
whether the treatment had a significant effect on growth in reading comprehension by
testing the interaction between treatment and occasion. Finally, we checked whether
vocabulary moderated the treatment effect (see Table 6) by estimating the three-way
interaction between occasion, treatment and vocabulary knowledge.

Testing of significance
The number of levels needed in the analyses was tested by comparing nested models
with Chi-square significance tests (Hox, 2010). Significance of control variables and

predictors were tested both with Wald-tests (coefficient divided by the standard error)
and by means of comparing nested models (with and without the control variables or
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predictors) with a Chi-square test’. Regression coefficients for class level variables
were tested with number of classes as sample size (df=number of classes — number
of predictors — 1) (Hox, 2010). Effect sizes were estimated by comparing the vari-
ances at different levels as well as the total variances of nested models.

Results
Descriptive statistics

Table 3 shows the mean student scores for all student-level variables (the four
repeated measurements of reading comprehension and test scores for IQ, vocabulary
knowledge, and metacognitive knowledge). The only student level variable showing
a significant difference between treatment and control group (t-tests) is metacognitive
knowledge. In Table 4 Pearson correlations are presented between all student-level
variables. All correlations are significant at p<.01. The correlations do not indicate
high multicollinearity, as all correlations are below 0.8 (Field, 2009).

Table 3 Descriptives student-level variables

Variable Treatment Control

(n=165) (n=145)

Mean (SD) Mean (SD) t-value
1. Reading comprehension (time 1) 34.96 (6.98) 34.59 (8.50) 0.41
2. Reading comprehension (time 2) 37.49 (6.92) 36.47 (8.81) 1.12
3. Reading comprehension (time 3) 36.45 (7.31) 36.94 (8.33) 0.51
4. Reading comprehension (time 4) 37.35(8.51) 39.24 (8.60) 1.75
5. Vocabulary knowledge 49.30 (7.42) 49.37 (7.69) 0.08
6.1Q 35.96 (5.24) 35.09 (5.27) 1.45
7. Metacognitive knowledge 26.92 (4.36) 25.59 (4.46) 2.66*
*p=.008

Table 4 Correlation matrix student-level variables

Variable I.RC1 2.RC2 3.RC3 4.RC4 5.VK 6.1Q 7.MK
N 310 310 259 250 310 310 310
1. Reading comprehension time 1 (RC1) - 0.68 0.62 0.62 059 029 035
2. Reading comprehension time 2 (RC2) - 0.75 0.70 0.60 0.28 0.42
3. Reading comprehension time 3 (RC3) - 0.73 056 032 035
4. Reading comprehension time 4 (RC4) - 0.58 023 032
5. Vocabulary knowledge (VK) - 0.20 0.36
6.1Q - 0.18

7. Metacognitive knowledge (MK) -

Note: all correlations are significant at p<.01

2 The difference in -2*Loglikelihood (or Deviance) of nested models has a Chi-square distribution with
a number of degrees of freedom equal to the difference in number of estimated parameters between both
models.
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Multilevel analyses

As no significant random intercept variance was found at the school level (see Appen-
dix A), models with three levels were used (occasion-, student-, and class level).
Appendix A also shows that random slopes for the occasion variable both at the class
and student level significantly improved model fit.

Next, the teacher-level control variables were entered in the model (see Appen-
dix B). Neither ‘teacher replacement’ nor ‘cancelled classes’ significantly improved
model fit and both were therefore omitted from further analyses. Subsequently, the
student-level control variables were entered to control for differences between stu-
dents at pretest. Inclusion of age, gender, and language background did not improve
model fit (see Table 5°), whereas vocabulary knowledge, metacognitive knowledge,
and 1Q did. Model 57 (see Table 5) is therefore the model referred to as model 6—0
in Table 6.

To establish the effect of the treatment on growth in reading comprehension, in
Table 6, we compared Model 6—1 (with effect on the pretest only) with Model 6—2,
containing the interaction between occasion and treatment. This effect was not sig-
nificant implying there was no effect of the treatment on growth in reading compre-
hension (AIGLS=1.827, df=1, p>.05).

Models 6—3 and 6 —4 were conditional for testing the moderating effect of vocab-
ulary in Model 6—5. The moderator effect of vocabulary was tested in Model 6—5
as the interaction between occasion, treatment and vocabulary (see Table 6). This
interaction was significant (AIGLS=4.595, df=1, p<.05 ). Explained student-level
variance on growth in reading comprehension equals 11.1% .

The interpretation of the moderating effect of vocabulary knowledge on growth
in reading comprehension becomes clear when looking at regressions for different
combinations of scores on the independent variables (Hox, 2010). For treatment, we
used two scores (0 and 1), for occasion we used the scores 0 and 22 for the first and
the last time of measurement and for vocabulary we used three scores: one standard
deviation below the mean, the mean, and one standard deviation above the mean. The
resulting six regression lines are presented in Fig. 1. The regression lines show that
in cases where students score above average on vocabulary, there appears to be no
difference between growth in reading comprehension for the control and treatment
students. However, when students score below average on vocabulary knowledge,
growth in reading comprehension appears to be different for control and treatment
students; the control students outperform the treatment students over time. When
looking at the regression lines for the treatment group only, it seems that the students
scoring lower on vocabulary profit less than students scoring higher on vocabulary.
In contrast, in the control group students high and low on vocabulary grow in equal
measures on reading comprehension.

3 In Table 4 the N of cases is determined by the sample N (310) times 4 (repeated measures) minus the
missings on one or more of the repeated measures for reading comprehension (totalling 1129).
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Discussion

This study set out to analyze the moderating effect of vocabulary knowledge on
growth in reading comprehension of adolescents with a low academic achievement
in a two-year intervention study. The intervention consisted of a program directed at
the application of reading strategies. The control group followed lessons as usual at
their schools. Our aim was to analyze whether students in the control and experimen-
tal conditions with different levels of vocabulary knowledge had different patterns of
growth. Our study revealed a significant moderating effect of vocabulary knowledge,
which explained an additional 11.1% of the variance. This means that vocabulary
knowledge had a differential impact on students’ growth in reading comprehension
in the control and experimental groups. A closer look at the growth patterns in both
groups showed that a lower vocabulary level resulted in less growth in reading com-
prehension in the experimental condition compared to the control condition, while
there appeared to be no difference in growth in reading comprehension between the
two conditions for students with a higher vocabulary level. In addition, visualiza-
tion of the growth patterns in both groups (Fig. 1) suggests that the experimental
condition had a discriminating effect for students with different levels of vocabulary,
whereas the business-as-usual condition did not.

As hypothesized, students in the experimental condition were at a disadvantage
compared to control students if their vocabulary knowledge was relatively low. This
is a clear sign that students with a lower vocabulary in the experimental condition
did not profit from the learned strategies in their attempts to make sense of the texts
used for measuring reading comprehension. In contrast, it is remarkable that the
control students with a lower vocabulary did show the same growth pattern as the
control students with a higher vocabulary, while this was not the case for students in
the experimental condition. The subgroup of students in the experimental condition
with a lower vocabulary appeared to show significantly less growth than all other
subgroups, not only experimental but also control. This suggest that there was an
adverse effect of the treatment for their reading comprehension development. This is
an indication that vocabulary knowledge is an important prerequisite for the applica-
tion of reading strategies for adolescents with low academic achievement, as was
hypothesized in this study.

Additionally, lower vocabulary knowledge may lead to cognitive overload
(Sweller, 1988) in the case of application of newly learned reading strategies that
are not already part of the students’ repertoire. Studies into reading comprehension
components have suggested that limited working memory capacity may play a role
in students’ application of reading strategies (Van Gelderen et al., 2003; Gelderen
et al.,, 2007). This may certainly be the case for adolescents with lower vocabu-
lary knowledge, since they will have to deal with more meaning-related problems
for building a situation model (Kintsch, 1988), while at the same time they have
to apply new reading strategies, which was the case in the experimental condition.
Students in the experimental condition had to direct their attention to their texts in
multiple ways in order to determine which strategy should be applied and how this
strategy should be applied, while simultaneously keeping an eye on the meaning of
words which are needed for successful application of each strategy. These processes
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may interfere with each other, resulting in a sort of “short-circuit” (Bossers, 1991;
Taillefer, 1996). In that case, the search for meaning of words and sentences and the
simultaneous application of (newly learned) reading strategies, such as predicting or
summarizing lead to cognitive overload and failure in comprehension. This is prob-
ably a greater risk for students in the experimental condition with lower vocabulary
knowledge than for students in the control condition. In the control condition, this
“short-circuit” may not happen, as these students were not instructed to apply new
reading strategies, but rather used strategies that were already part of their repertoire.
Therefore, students in the control condition could apply reading strategies routinely,
without much conscious attention.

From many studies it is known that vocabulary knowledge is a basic component
of reading comprehension (Ouellette & Beers, 2010; Tilstra et al., 2009; Trapman et
al., 2014; Van Gelderen et al., 2004; Gelderen et al., 2007; Van Steensel et al., 2016;
Verhoeven & Van Leeuwe, 2008).

The present study adds to this knowledge by suggesting that, in the case of adoles-
cents with low academic achievement, vocabulary knowledge is not only important
in reading comprehension processes, but also plays an important role in whether
students benefit from interventions directed at learning new reading strategies. The
intervention tested in this study, emerged as not appropriately tailored to address the
needs of adolescents with lower vocabulary knowledge, who probably need support
with reading comprehension the most.

Adolescents with low academic achievement with a higher level of vocabulary
were not harmed (in the sense of showing similar progress compared to the con-
trol condition), but in comparison to the control condition the students with lower
vocabulary knowledge showed less progress in reading comprehension. This may
also explain some of the mixed results of reading strategy interventions for adoles-
cents with low academic achievement mentioned in the introduction (Edmonds et al.,
2009; Fogarty et al., 2014; Muijselaar, 2018; Okkinga et al., 2021; Simmons et al.,
2014; Vaughn et al., 2013).

Recently, researchers strive for interventions with an integrated approach in which
text contents and what can be learned from them is central in discussions with stu-
dents (see e.g. McKeown et al., 2009). The status of reading strategies in such inter-
ventions is that they are tools that can be used as a means, but not the goal. Attention
to the meaning of words and sentences is embedded within the search of the meaning
of the text as a whole. Such an approach can be beneficial for students with lower
vocabulary knowledge, since it helps adding meaningful connections to their (prior)
knowledge. This is corroborated by the DIME model (Ahmed et al., 2016), which
suggests that vocabulary knowledge and content knowledge contribute substantially
to inference-making, which in turn contributes to reading comprehension.

Suggestions for future research
Future studies into reading strategies interventions directed at adolescents with low

academic achievement may profit from the following suggestions. As vocabulary
knowledge is an important factor in fostering reading comprehension but may also be
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important in the application of reading strategies for adolescents with low academic
achievement, future studies could investigate the optimal ways to include vocabulary
instruction in the context of reading strategy interventions for this group. This means
that adolescents with low academic achievement should not only receive instruction
in applying specific reading strategies, but also be supported in their use of vocabu-
lary knowledge needed for successful application of reading strategies. The original
approach used by Palincsar & Brown (1984) to reciprocal teaching can be used to
this end. In this format, tutors support adolescents with low academic achievement
in small group settings by steering group conversations directed at the application
of reading strategies. The approach aims at producing a natural dialogue between
the group members and the tutor, while the tutor supports all students’ attempts at
text comprehension. In such a small group tutoring approach, a specific vocabulary
support condition allows tutors to converse intensely with the students, focusing spe-
cifically on their problems with understanding meanings of words encountered in
the text. Studying the effects of such additional vocabulary support could shed light
on the question whether adolescents with low academic achievement profit more
from reading strategy instruction when their deficits in vocabulary are simultane-
ously being repaired.

Apart from vocabulary knowledge, other student characteristics can be considered
as moderator variables. For example, the level of self-regulatory skills may influence
how students respond to an intervention targeted at the use of reading strategies. Self-
regulatory skills refer to planning, executing, and controlling behavior while per-
forming a task (Boekaerts & Simons, 1993). In the case of reading comprehension,
self-regulatory skills are important, for example, in knowing which reading strategy
to apply or monitoring one’s comprehension during reading. There is evidence that
self-regulatory skills applied in reading tasks may determine reading comprehen-
sion of adolescents with low academic achievement (De Milliano, Van Gelderen &
Sleegers,2016). Thus, the application of reading strategies (in the context of an inter-
vention) may also be dependent on the level of self-regulatory skills of students.

In general, the fact that moderator variables such as vocabulary knowledge may
play an important role in the success of reading strategy interventions makes it criti-
cal to understand how the intervention is affected by students’ skills,

strengthening the need for investigating new moderator effects. This may espe-
cially be the case in whole-classroom settings, as instruction in whole-classroom
settings is likely to be targeted at the average level of students, whereas instruction
in small groups, as originally proposed by Palincsar & Brown (1984), is likely to be
more aligned to the individual needs of the students in the small group.

Implications for educational practice

It is difficult for teachers to implement reading strategy training with reciprocal teach-
ing for adolescents with low academic achievement in whole-classroom settings suc-
cessfully (Okkinga et al., 2021). Our study confirms this difficulty, because it shows
no overall advantage of the intervention in growth of reading comprehension. An
important explanation for the lack of success of the whole-classroom approach is that
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teachers cannot attend to multiple groups of students simultaneously and give the
students the individual guidance they need. The present study deepens this explana-
tion, as it shows that individual differences in adolescents’ vocabulary knowledge
influenced the effects of the experimental intervention. This suggests that other
approaches are needed to facilitate reading comprehension for this group of students
with lower vocabulary knowledge. In addition, the results of the control group show
that it is possible to make students with lower vocabulary knowledge profit similarly
to their classmates with higher vocabulary knowledge.

It is advisable for teachers involved in teaching adolescents with low academic
achievement to identify students who are better served with additional vocabulary
support. For this group, the focus on application of reading strategies can lead to frus-
tration. In order to meet these students’ needs, teachers can monitor their dialogues
related to reading in small groups while other students are working independently.
This type of classroom organization may allow teachers to give the weakest readers
the attention in vocabulary support they need.

Conclusion

Results of the present study show the importance of examining moderators of the
effect of reading comprehension interventions. Beyond reporting the success of
interventions, we call for research that examines potential moderators for interven-
tions, including for those that were unsuccessful. Indeed, our understanding of how
to move the needle in adolescent reading comprehension can be expanded by inves-
tigating why treatments did not result in the expected effects.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11145-022-10359-2.
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