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Abstract
Inference-making is a central element of successful reading comprehension, yet pro-
vides a challenge for beginning readers. Text decoding takes up cognitive resources 
which prevents beginning readers from successful inference-making and compro-
mises reading comprehension. Listening does not require any decoding and could 
therefore offer a less demanding context to practice inference-making. The present 
study examined whether stimulating inference-making in a listening context is more 
effective and less cognitively demanding for beginning readers than a reading con-
text. In three experiments, Dutch second grade children read two narratives and lis-
tened to two narratives. Inference-making was stimulated by asking them inferential 
questions during reading or listening and we compared this to a no-questioning con-
trol condition. After each narrative, we measured cognitive load and comprehension. 
It was expected that inferential questioning would increase cognitive load and nega-
tively affect reading comprehension, but positively affect listening comprehension. 
The results indeed showed that inferential questioning increased cognitive load, but 
did not lead to differences in performance on open-ended comprehension questions 
(Experiment 1 & 2). When measuring comprehension with a free recall protocol 
(Experiment 3), we found a negative effect on total recall in both the reading and 
listening conditions. Taken together, we found no support for the hypothesized inter-
action. This raises questions about the effectiveness of inferential questioning for 
reading and listening comprehension of beginning readers, and whether listening is 
a good modality for improving inference-making.
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Introduction

Many children struggle with reading comprehension and fail to reach a sufficient 
level of comprehension by the end of primary school (Dutch Inspectorate of Educa-
tion, 2020; National Assessment of Educational Progress, 2019). A central element 
of successful reading comprehension is the ability to draw inferences (Kendeou 
et al., 2016). Inference-making involves identifying implicit relations between parts 
of the text, and between the text and background knowledge (Cain & Oakhill, 1999). 
Research indicates that inference-making is especially challenging for younger chil-
dren, which is illustrated by the fact that older children generate more, and a greater 
variety of inferences (van den Broek et al., 2013). One of the reasons why younger 
children experience difficulties with inference-making is related to the availability of 
cognitive resources. Due to automatization of lower-level reading skills (e.g., decod-
ing skills), older children and adult readers have more cognitive resources availa-
ble for higher-level comprehension processes, such as inference-making (Kendeou 
et al., 2014). Beginning readers, on the other hand, need their cognitive resources 
for decoding individual words in addition to comprehension-related processes. This 
may hinder inference-making and can seriously compromise text comprehension. 
The present study therefore investigates whether listening to a narrative may provide 
beginning readers with a suitable context for inference-making that is less cogni-
tively demanding than reading a narrative.

The importance of inference‑making for comprehension

Cognitive theories of reading comprehension state that to comprehend a text, readers 
must construct a coherent mental representation of the text (McNamara & Magliano, 
2009). The construction of a mental representation involves identifying relations 
between various pieces of information in the text, and between information in the 
text and the reader’s background knowledge (Kintsch & van Dijk, 1978). These rela-
tions are often inferential, meaning that readers must fill in information that is not 
explicitly stated in the text (Oakhill et al., 2003). The ability to draw inferences is 
considered the cornerstone of language comprehension (Kendeou et al., 2016), and 
has been shown to be highly predictive of reading comprehension (Cain & Oakhill, 
1999).

Inference-making is not only relevant for comprehension of written text, but also 
for comprehension in non-reading contexts, such as films and audio-materials (e.g., 
Florit et  al., 2011; Magliano et  al., 2013; Tibus et  al., 2013). Several researchers 
advocated that higher-level comprehension processes are modality-independent and 
therefore similar across different media (Gernsbacher et al., 1990; Kendeou et al., 
2014). For example, the inferential Language Comprehension (iLC) framework 
states that language comprehension depends on a general inference skill that can 
transfer across different contexts and media (Kendeou et  al., 2020). This view is 
empirically supported by longitudinal research indicating that comprehension skills 
in non-reading contexts in preschool and early grades are predictive of later reading 
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comprehension (Catts et al., 2015; de Jong and van der Leij, 2002; Kendeou et al., 
2005; Storch and Whitehurst, 2002). Specifically for inference-making, it was found 
that the inferential processes of 4-year-olds listening to spoken narratives or watch-
ing televised stories are very similar to those of older children when reading (Kend-
eou et al., 2008). These findings suggest that the development of inference-making 
skills can be supported at a young age using non-written media, like audio materi-
als, and thereby prepare children for reading comprehension (Kendeou et al., 2014, 
2020).

Despite the similarities in comprehension processes across different media, an 
important difference between reading contexts and non-reading contexts is that 
reading comprehension not only requires higher-level comprehension skills such as 
inference-making, but also basic reading skills (Simple View of Reading, Hoover 
and Gough, 1990). Basic reading skills such as text decoding are crucial for convert-
ing written letters or words into sounds. Hence, reading comprehension imposes an 
additional challenge on beginning readers. Indeed, research indicates that in the first 
grades of primary school the level of listening comprehension is often higher than 
the level of reading comprehension (Diakidoy et  al., 2005; Verlaan et  al., 2017). 
Once decoding becomes more automatized, the level of reading comprehension 
becomes comparable to the level of listening comprehension. This indicates that for 
beginning readers, listening comprehension is less cognitively demanding, as under-
standing spoken text does not require any text decoding and this allows children to 
focus more on comprehension.

Stimulating children’s inference‑making

While beginning readers are able to make inferences (Kendeou et  al., 2008; van 
den Broek et  al., 1996), they are less likely to do so spontaneously compared to 
older readers (Oakhill et al., 2003). To stimulate children to make inferences dur-
ing reading, researchers have evaluated various interventions and strategies that, in 
general, appear to be effective in improving inferencing skills and reading compre-
hension (for review see Elleman, 2017; Hall, 2016). However, a meta-analysis on 
the effectiveness of reading comprehension strategies reported lower effect sizes 
for elementary school children compared to middle school and high school students 
(on researcher-developed tests, Berkeley et al., 2010). Similarly, some studies that 
stimulated inference-making via in-text prompting also showed negative effects in 
beginning readers. For example, van den Broek et al. (2001) looked at the effect of 
answering inferential questions during reading in different age groups (i.e., fourth, 
seventh, and tenth graders and college students). They found that asking inferential 
questions during reading resulted in lower comprehension scores for fourth grad-
ers, whereas for proficient readers (i.e., college students), this questioning technique 
improved comprehension scores. Van den Broek and colleagues suggested that the 
questioning strategy was ineffective for beginning readers because it had interfered 
with their inference-making due to additional cognitive demands. For example, the 
questioning strategy requires attention switching between tasks. This suggests that 
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particularly beginning readers might benefit from stimulating inference-making in a 
non-reading context, because this does not require decoding skills.

While most research on stimulating inference-making has focused on comprehen-
sion of written text (Elleman, 2017), there is an increasing number of studies explor-
ing the idea of practicing comprehension using other media than text, which have 
shown promising results. For example, some intervention studies reported a positive 
effect of audio-based training programs on reading comprehension outcomes (Aar-
noutse et  al., 1998; Brand-Gruwel et  al., 1998; Carretti et  al., 2014; Clarke et  al., 
2010). Other studies investigated the effect of asking inferential questions while 
listening to a spoken narrative among kindergartners (Butterfuss et al., 2021), tod-
dlers and third graders (van den Broek et al., 2011), and third and fifth grade chil-
dren (Freed & Cain, 2017). According to the iLC framework, asking questions can 
prompt inference-making because it activates the information needed to draw an 
inference and facilitates integration. Indeed, these studies found that asking infer-
ential questions during listening supported narrative comprehension and resulted 
in higher comprehension outcomes than asking the same questions after listening. 
These studies, however, did not include a no-questioning control condition and 
therefore do not provide information about whether stimulating inference-making 
during listening is more effective than not asking inference stimulating questions. 
Neither did these studies compare the listening condition to a reading condition, to 
check whether the inferential questions benefitted comprehension only with spoken 
text, and not with written text. Therefore, to obtain stronger evidence on whether 
inference-making in young children can indeed be stimulated by using spoken text, 
it is important to evaluate the effect of inferential questions in both a reading and a 
listening context. The direct comparison of the effect of inference-stimulation in a 
reading context and a listening context, and inclusion of a no-questioning control 
group for both modalities were addressed in the present study.

The present study

The goal of this study was to examine whether stimulating inference-making in a listen-
ing context is more effective and less cognitively demanding for beginning readers than 
in a reading context. After reading and listening to narrative texts, we measured chil-
dren’s comprehension and their cognitive load. Cognitive load refers to the load that a 
certain task imposes on a child’s cognitive system (Cognitive Load Theory, Paas et al., 
2019). This is measured using a mental effort rating scale (Paas, 1992). Mental effort 
is the amount of cognitive processing that a child invests in a task. The participants 
in this study were Dutch second grade children; second graders’ decoding skills are 
still developing (Verhoeven & van Leeuwe, 2009), so they can be considered a group 
of beginning readers. Inference-making was stimulated by asking children inferential 
questions during reading and during listening, specifically focused on important causal 
connections (Butterfuss et al., 2021; van den Broek et al., 2001; van den Broek et al., 
2011). Causal inferences, which identify how events or facts lead to or depend on 
each other, are especially important for narrative comprehension (Trabasso & van den 
Broek, 1985). Narratives often are structured as a sequence of causally related events 
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(Best et al., 2008). Asking questions during comprehension can direct children’s atten-
tion to important causal connections in the text and hereby stimulate inference-making. 
This way, the questioning technique can support the construction of a coherent mental 
representation and thus improve narrative comprehension.

We report the results of three experiments. In Experiment 1, we evaluated the effect 
of asking inferential questions during reading and during listening with second grade 
children. In Experiment 2, we replicated Experiment 1 with a slightly younger sample 
that had lower decoding skills. In Experiment 3, we again built on Experiment 1 using 
a different design and a different comprehension measure.

Experiment 1

Experiment 1 investigated the effect of modality (reading vs. listening) and stimulating 
inference-making (inferential questioning vs. no inferential questioning) on comprehen-
sion outcomes and cognitive load. Children read two narratives and listened to two nar-
ratives. For half of the narratives, inference-making was stimulated by asking questions 
that targeted important causal relations. After each narrative, we measured comprehen-
sion using questions targeting the causal relations in the text, and we measured cogni-
tive load using a mental effort rating scale.

Previous studies found that in second grade, children’s level of listening comprehen-
sion is higher than their level of reading comprehension (Diakidoy et al., 2005; Ver-
laan et al., 2017). Therefore, we expected higher comprehension scores in the listen-
ing conditions than in the reading conditions (Hypothesis 1). We expected the effect 
of stimulating inference-making on comprehension to depend on modality. Simultane-
ously decoding text, attempting to understand the text, and answering questions during 
reading might be too demanding for second grade children. Hence, we expected that 
with written text, questioning would negatively affect comprehension (van den Broek 
et al., 2001; Hypothesis 2a). Alternatively, listening does not require decoding, which 
allows children to focus on comprehension. Asking inferential questioning during lis-
tening might direct attention to causal connections and stimulate inference-making 
resulting in better comprehension (Butterfuss et al., 2021; Freed & Cain, 2017; van den 
Broek et al., 2011). Therefore, we expected that with spoken text, questioning would 
positively affect comprehension (Hypothesis 2b). Regarding cognitive load, we hypoth-
esized that reading results in higher cognitive load than listening (Hypothesis 3). Read-
ing is expected to be more demanding because it requires text decoding. This might be 
extra challenging as our participants were beginning readers. Finally, we expected that 
stimulating inference-making through inferential questioning leads to higher cognitive 
load (Hypothesis 4), because of the additional task of answering questions.
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Method

Participants and design

Participants were 43  second grade children from two elementary schools in the 
Netherlands. Data from three children were excluded, because of missing answers 
on the comprehension questions, resulting in a sample of 40 children (19 boys and 
21 girls), aged 7 to 8 years old (M = 8.11, SD = 0.36). Before testing, children’s par-
ents or caretakers signed an informed consent letter. A 2 × 2 within-subjects design 
was used, with modality (reading vs. listening) and inference-stimulation (question-
ing vs. no-questioning) as independent variables, and comprehension and cognitive 
load as dependent variables. Thus, children participated in all four experimental con-
ditions. In each of the resulting within-subjects conditions, a different narrative was 
presented. A Latin square design was used to counterbalance both condition order 
and assignment of narratives to conditions (Zeelenberg & Pecher, 2015), resulting in 
eight counterbalance conditions to which children were randomly assigned.

Materials

Narrative texts and audio‑recordings

Four narrative texts from the studies of Kraal et al. (2018; 2019) were used (see Sup-
plementary Material). The texts were about a little mouse saving his village from a 
cat (text 1), elephant Okke wanting to lose weight (text 2), two brothers encounter-
ing a problem with their sister’s iPad (text 3), and children playing hide-and-seek in 
the schoolyard (text 4). Because these texts were developed for the Kraal et al. stud-
ies they were (1) unfamiliar to our participants and (2) tested before in a sample of 
Dutch second grade children. Using P-CLIB software (Evers, 2008), each text’s level 
of decoding and comprehension difficulty was determined at second grade level.

In the reading conditions, the narratives were presented as written text on a com-
puter screen, in Arial font size 12. The texts contained 117 to 169 words and were 
19 to 25 sentences long. In the listening conditions, the narratives were presented 
as audio recordings. A control panel was presented on the computer screen, with a 
pause button and a slider to go back and forward in the audio-recording to mimic 
the reread possibilities that children have during reading. Each text was narrated and 
recorded by the first author (female native speaker of Dutch), resulting in audio-
recordings of 50 to 69 s long. In both the reading and listening conditions, the narra-
tives were divided into four or five fragments. Fragment length varied between one 
and ten sentences. Each fragment required at least one inference for understanding 
the story.

For the questioning conditions, two additional narratives were used to allow chil-
dren to practice the procedure of answering questions during reading or listening. 
One practice narrative, based on a chapter in the book ‘Hare and toad are moving’ 
(in Dutch: Haas en pad gaan verhuizen, Bergsma, 2009), was presented as written 



1 3

Stimulating inference‑making in second grade children when…

text. This narrative was divided into two fragments of both three sentences long. 
The other practice narrative was presented as an audio-recording, again narrated by 
the first author. This narrative was based on the book ‘Bite the thief in his bum’ (in 
Dutch: Bijt de dief in zijn billen!, Noort, 2015). This narrative was 17  s long and 
divided into three fragments, each two sentences long. Both practice narratives were 
written at second grade level.

Inference‑stimulating questions

In the questioning conditions, inferential questions were asked during reading and 
listening (see Supplementary Material). Each narrative included four open-ended 
questions prompting both text-connecting and gap-filling inferences. The inference-
stimulating questions were meant to direct children’s attention to these important 
implicit connections in the text (Butterfuss et al., 2021; van den Broek et al., 2001; 
van den Broek et al., 2011). For example, when reading or listening to the narrative 
Hide-and-seek, children were asked ‘Why do you think he climbed that high tree?’. 
This should stimulate them to infer that the tree is a good hiding spot. After a frag-
ment, children clicked to the next page and were presented with an alarm clock and 
the text ‘It’s time for a question!’. They were then not able to go back in the narrative 
(van den Broek et al., 2001; van den Broek et al., 2011). The inferential questions 
addressed the same implicit relations as our comprehension test questions, but the 
questions were worded differently to prevent a practice effect. For example, in the 
iPad narrative, two brothers are playing with their sister’s iPad when suddenly the 
screen turns black. The inferential question ‘What do you think is wrong with the 
iPad?’ is targeting the same causal connection as the comprehension question ‘Why 
do Simon and Tom think the iPad is broken?’.

Children’s answers to the inferential questions were recorded and afterwards tran-
scribed. Answers were scored as correct (1 point), half correct (0.5 points), or incor-
rect (0 points) using an answer model by two independent raters. One point was 
given when a child explicitly mentioned the full inference in their answer. Half a 
point was given when a child only provided part of the inference, or provided rel-
evant information without making an explicit inference. Children’s scores were 
summed for each narrative, resulting in an overall inference score (0–4) per narra-
tive. Both raters scored the answers of all forty children. As for all tasks involving 
multiple raters reported in this manuscript, the inter-rater reliability was computed 
using a two-way mixed, absolute, single-measures intra-class correlation (ICC; Hall-
gren, 2012), which showed high inter-rater agreement (ICC = 0.95; range separate 
narratives = 0.92-0.95).

Comprehension test

Comprehension of our four narratives was measured with six open-ended questions 
per narrative taken from the studies of Kraal et al. (2018; 2019), see Supplementary 
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Material. The questions were slightly adapted to ensure that each narrative had two 
factual questions1, three text-connecting inference questions, and one gap-filling 
inference question (Cain & Oakhill, 1999). Factual questions asked for information 
literally stated in the text. Text-connecting inference questions required children to 
combine parts of information in the text. Gap-filling inference questions required 
children to combine information in the text with background knowledge.

The questions were asked by the test leader and children’s verbal responses 
were recorded and afterwards transcribed. Children did not receive feedback on 
their answers, only neutral prompts and encouragements were given. When a par-
ticipant did not respond or did not understand a question, the question was repeated 
once. Similar to the inference-stimulating questions, all responses were scored by 
two independent raters as correct (1 point), half correct (0.5 points), or incorrect (0 
points) using an answer model. For example, one text-connecting inference ques-
tion about the narrative Hide-and-seek was ‘How come Stef saw Luuk?’. The correct 
answer was that Stef saw a girl looking up to Luuk, who was hiding in a tree. A half-
correct answer could be that the girl betrayed Luuk’s hiding place, without explain-
ing how exactly. An incorrect answer could be that Stef just looked up and saw Luuk 
in the tree. Per narrative separate scores were calculated for factual questions (0–2) 
and comprehension questions (0–4). One rater scored the answers of all forty chil-
dren, a second rater scored the answers of ten randomly selected children. Inter-rater 
reliability was high (ICC = 0.89; range separate narratives = 0.82-0.98).

Cognitive load

Cognitive load was measured with the question “How much effort did you invest in 
understanding the narrative?”. Children indicated their invested mental effort on a 
rating scale (Fig. 1), ranging from 1 (i.e., very little) to 9 (i.e., very much), based on 
Paas (1992). This mental effort rating has been shown to provide a reliable and valid 
measure of cognitive load during a task (Paas et al., 2003). Based on Laurie-Rose 
et al. (2014), we made the scale more age-appropriate. That is, the left endpoint of 
this scale showed a picture of a girl smiling and seeming to invest very little mental 
effort, while the right endpoint showed a picture of a girl looking very concentrated 
and seeming to invest much mental effort. Moreover, the rating scale was presented 
on the computer and offered a movable pointer, because providing a numerical 
response to the mental effort question is too complicated for second grade children 
(Laurie-Rose et al., 2014).

1  The factual questions were part of the comprehension test that we adopted from the studies of Kraal 
et al. (2017) and Kraal et al. (2018). We will report mean scores and standard deviations for factual ques-
tions and inference-questions in the Results section. But in the analyses, we only used the four inference 
questions, as children’s memory of factual information is not the aim of this study. We will refer to the 
four inference-questions as ‘comprehension questions’ to avoid confusion with the inference-stimulating 
questions asked during the narrative.
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Decoding skills

Decoding skills were assessed using a Dutch standardized test called the Three Min-
utes Test (in Dutch: Drie Minuten Toets, van Til et al., 2018). The Three Minutes 
Test measures the speed and accuracy of reading individual words. Children read 
aloud as many unrelated words as possible in three minutes, focusing on both speed 
and accuracy. The more words children read correctly within the allotted time, the 
better their decoding skills. This standardized test was administered by the partici-
pating schools. The two participating schools had used different versions of the test 
(i.e., 2009 and 2018 version). The reliability of both versions is high, with a reli-
ability coefficient of 0.97 for second grade children (Krom et al., 2010; Til et  al., 
2018). To enable comparisons of both versions, children’s DLE-scores were used 
(i.e., didactic age equivalent, in Dutch: didactische leeftijdsequivalent, Melis et al., 
2012). A DLE-score represents a child’s level on a certain skill in months and pro-
vides information on how she/he performs compared to the norm. Each 10-month 
schoolyear stands for 10 DLE points (1 point per month), so when completing sec-
ond grade, the average student should have a DLE-score of 20.

Procedure

The standardized decoding test was administered by the participating schools in May 
or June, which was in the same period as our experiment, which took place in May. 
For our experiment, all children were tested individually during school hours by 
the first author, in a separate room in the participating school. Children were seated 
behind a laptop on which the texts and audio-recordings were presented. They were 
informed that the test would take approximately 25 min and that the session would 
be audio-recorded. First, children were presented with two practice narratives. The 
first practice narrative was presented as written text and children were instructed to 
read the text aloud at their own pace. The second practice narrative was presented 
in audio-form and the test leader explained how to pause and go back- and forward. 
After each fragment, an inference-stimulating question was asked by the test leader. 
Children were instructed to answer out-loud, without time limits. After a narrative, 

Fig. 1   The 9-point mental effort rating scale with an anime drawing at both endpoints
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children filled in the mental effort scale and the test leader checked whether the child 
had understood the rating scale.

Next, children were consecutively presented with the four experimental narra-
tives. The order of narratives and conditions depended on the counterbalance con-
dition. After each narrative, children filled in the mental effort rating scale and the 
test leader asked the open-ended comprehension questions for that narrative. Finally, 
children were thanked for their participation and informed not to talk with their 
classmates to avoid that they shared relevant information about the narratives.

Results and discussion

Before testing our hypotheses, children’s DLE-scores on the standardized decod-
ing test were analyzed. On average, children’s DLE scores were considerably higher 
(M = 22.83, SD = 14.75; range: 7 to 55) than expected based on the months of edu-
cation received (18 months) and thus were more representative for the beginning 
of third grade. Next, we analyzed children’s performance on the inferential ques-
tions in the questioning conditions. The average score on the inferential questions 
was 2.91 (out of 4), and there was no significant difference between questions asked 
during reading (M = 3.08, SD = 0.90) and during listening (M = 2.74, SD = 1.28), 
t(39) = 1.18, p = .247, d = 0.19. So, in both conditions, children answered most infer-
ential questions correctly.

Table  1 presents the mean scores and standard deviations of the factual ques-
tions, comprehension questions, and cognitive load in each condition. To test our 
hypotheses, a repeated measures ANOVA was performed on the comprehension 
scores with modality and inference-stimulation as within-subject factors. Con-
trary to expectations, comprehension scores in the reading conditions (M = 2.74, 
SD = 0.10) and the listening conditions (M = 2.61, SD = 0.12) did not differ signifi-
cantly, F(1, 39) = 0.81, p = .374, n2

p
 = 0.02. There was also no significant main effect 

of stimulating inference-making, F(1, 39) = 0.01, p = .914, n2
p
 < 0.01, which means 

that comprehension scores in the questioning conditions (M = 2.68, SD = 0.10) and 
the no-questioning conditions (M = 2.67, SD = 0.11) were comparable. There was 
no significant modality × questioning interaction, F(1, 39) = 1.84, p = .182, n2

p
 = 

0.05. Regarding cognitive load, a repeated measures ANOVA was performed with 
modality and inference-stimulation as within-subject factors. As expected, there was 

Table 1   Mean scores (and SD) on factual questions, comprehension questions, and cognitive load in each 
condition

Reading Listening

With questions Without questions With questions Without questions

Factual (0–2) 1.85 (0.36) 1.95 (0.22) 1.68 (0.53) 1.74 (0.54)
Comprehension (0–4) 2.68 (0.81) 2.80 (0.85) 2.69 (0.79) 2.54 (0.94)
Cognitive Load (1–9) 2.18 (1.17) 1.98 (1.31) 2.53 (1.72) 1.80 (1.22)
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a significant effect of stimulating inference-making, F(1, 39) = 11.84, p = .001, n2
p
 = 

0.23, indicating that inferential questioning (M = 2.35, SD = 0.19) resulted in higher 
mental effort ratings than no inferential questioning (M = 1.89, SD = 0.17). Cogni-
tive load in the reading conditions (M = 2.08, SD = 0.18) and the listening conditions 
(M = 2.16, SD = 0.21) did not significantly differ, F(1, 39) = 0.22, p = .645, n2

p
 < 

0.01. There was no significant modality × questioning interaction, F(1, 39) = 3.36, 
p = .074, n2

p
 = 0.08.

Together, contrary to our expectations, the results showed no difference between 
the reading and listening conditions in terms of both comprehension outcomes and 
cognitive load (Hypothesis 1 & 3). As expected, inferential questioning increased 
cognitive load (Hypothesis 4), but contrary to our expectations, this increased cogni-
tive load did not affect reading or listening comprehension (Hypothesis 2a & 2b). 
Our expectations were based on the assumption that the sample would consist of 
beginning readers whose decoding skills are not yet automated. However, children’s 
decoding skills appeared to be at a level that is normally obtained early in Grade 3, 
and we suspect that this is because they were tested at the end of second grade. This 
means that the narratives, which were written at second grade level, were relatively 
easy for the children. Therefore, the absence of a difference between modalities on 
comprehension might be due to children’s relatively well-developed decoding skills 
which made that reading the texts did not require much effort. This is confirmed by 
the relatively low mental effort ratings in all four experimental conditions (Table 1). 
The absence of a negative effect of inference stimulation on reading comprehension 
can similarly be explained with this decoding skill-mental effort relation. Based on 
this, a logical next step was to test our hypotheses on a sample of younger children, 
whose decoding skills were at a lower level.

Experiment 2

Experiment 2 exactly replicated Experiment 1 with a younger sample (i.e., children 
tested early in Grade 2), to ensure children had relatively low decoding skills.

Method

Participants and design

Participants were 22  second grade children, all from the same elementary school 
in the Netherlands. Data from four children were excluded, because of missing 
answers on the comprehension questions, resulting in a sample of 18 children (15 
boys and 3 girls). Children were between 7 and 8 years old (M = 7.78, SD = 0.43). 
Parents or caretakers of the children signed an informed consent letter. The same 
within-subjects design was used as in Experiment 1, with modality (reading vs. lis-
tening) and questioning (questioning vs. no-questioning) as independent variables, 
and comprehension outcomes and cognitive load as dependent variables. Again, we 
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counterbalanced condition order and assignment of narratives to conditions (Zeelen-
berg & Pecher, 2015).

Materials

All materials were the same as in Experiment 1, but we added children’s scores 
on a standardized assessment of reading comprehension skills (administered by 
the schools) to validate our comprehension test.

Inference‑stimulating questions and comprehension test

For scoring the inference-stimulating questions and the comprehension test, one 
rater scored the answers of all children and a second rater scored the answers of ten 
randomly selected children. Inter-rater reliability was high for both the inference-
stimulating questions (ICC = 0.89; range separate narratives = 0.77 − 1.00) and the 
comprehension test (ICC = 0.94; range separate narratives = 0.90-0.97). Moreo-
ver, we tested the validity of scores on the comprehension test using a standard-
ized assessment of reading comprehension (see Reading Comprehension Skills). 
Children’s standardized scores were correlated to their comprehension scores in the 
reading conditions, r = .67, p = .003, and the listening conditions, r = .51, p = .036. 
These strong and significant correlations provide evidence for the validity of scores 
on our comprehension test questions, which were used in both Experiment 1 and 2.

Decoding skills

 The participating school had administered the 2009 version of the Three Minutes 
Test (Krom et al., 2010). The reliability of this version is high, with a Cronbach’s 
alpha of 0.97 (Krom et al., 2010).

Reading comprehension skills

Reading comprehension skills were assessed with a Dutch standardized test of 
reading comprehension (Cito test), showing good reliability (reliability coeffi-
cient = 0.86; Jolink et al., 2015). The participating school had administered the 2018 
version of this test. Children received a booklet with texts and a booklet with mul-
tiple choice questions that they had to answer after each text. Children worked indi-
vidually and without a time limit.

Procedure

The standardized decoding test was administered by the school in June, at the end 
of first grade. The rest of the experiment was conducted during the start of second 
grade. The procedure was the same as Experiment 1.
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Results and discussion

Before testing our hypotheses, children’s DLE-scores on the standardized decod-
ing test (administered at the end of first grade) were analyzed. The mean DLE-
scores (M = 9.90, SD = 7.02) indicated that the children’s decoding skills were 
at the expected level, given the months of education received (9–10  months). 
Next, we checked children’s performance on the inferential questions asked dur-
ing reading and listening. The average score (2.56 out of 4) was lower than in 
Experiment 1, but there was no significant difference between questions asked 
during reading (M = 2.57, SD = 1.05) and during listening (M = 2.55, SD = 1.03), 
t(21) = 0.09, p = .932, d = 0.02.

Table  2 presents the mean scores on the factual questions, comprehen-
sion questions, and cognitive load in each condition. Repeated measures ANO-
VAs with modality and inference-stimulation as within-subjects factors were 
performed on comprehension scores and mental effort ratings. Contrary to 
our expectations, comprehension scores in the reading conditions (M = 2.01, 
SD = 0.18) and the listening conditions (M = 2.06, SD = 0.16) did not significantly 
differ, F(1, 17) = 0.03, p = .855, n2

p
 < 0.01. There was no significant main effect 

of stimulating inference-making, F(1, 17) = 0.32, p = .579, n2
p
 = 0.02, indicating 

that comprehension scores in the questioning conditions (M = 2.08, SD = 0.16) 
and the no-questioning conditions (M = 1.99, SD = 0.15) did not significantly dif-
fer. There was no significant modality × questioning interaction on comprehen-
sion scores, F(1, 17) = 2.23, p = .153, n2

p
 = 0.12. The analysis of cognitive load 

shows that, in line with our hypotheses, mental effort ratings in the reading con-
ditions (M = 3.59, SD = 0.51) were significantly higher than ratings in the listen-
ing conditions (M = 2.39, SD = 0.31), F(1, 21) = 5.99, p = .023, n2

p
 = 0.22. As 

expected, inferential questioning during reading and listening (M = 3.23, SD = 
2.75) resulted in higher cognitive load compared to no inference-stimulation (M 
= 2.75, SD = 0.35), F(1, 21) = 4.84, p = .039, n2

p
 = 0.19. There was no significant 

modality × questioning interaction for cognitive load, F(1, 21) = 0.40, p = .53, n2
p
 

= 0.02.
Together, in contrast to Experiment 1, reading a narrative imposed higher 

cognitive load compared to listening to a narrative (Hypothesis 3). This can be 
explained by the fact that in Experiment 2 children’s decoding skills were less 
advanced and therefore more cognitive resources were needed for text decoding. 

Table 2   Mean scores (and SD) on factual questions, comprehension questions, and cognitive load in each 
condition

Reading Listening

With questions Without questions With questions Without questions

Factual (0–2) 1.50 (0.51) 1.72 (0.46) 1.56 (0.62) 1.31 (0.75)
Comprehension (0–4) 1.92 (1.09) 2.11 (0.76) 2.25 (0.86) 1.86 (0.90)
Cognitive load (1–9) 3.91 (2.58) 3.27 (2.53) 2.55 (1.41) 2.23 (1.69)
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Listening to a narrative did not impose additional cognitive demands as listen-
ing comprehension does not require decoding skills. However, contrary to our 
expectations, this higher cognitive load did not result in lower comprehension 
outcomes in the reading condition (Hypothesis 1). Instead, children’s compre-
hension level was comparable across the two modalities. Apparently, reading 
required the children to invest more effort in understanding, but not that much 
to cause cognitive overload and impair comprehension. Regarding the effect of 
inference-stimulation, the results indicated that answering inferential questions 
during reading and listening increased cognitive load, as expected (Hypothesis 
4). However, contrary to expectations, but in line with Experiment 1, the results 
showed that stimulating inference-making did not affect comprehension out-
comes (Hypotheses 2a & 2b).

So why did we not find the benefits of inferential questioning that were 
reported by van den Broek and colleagues (2001; 2011)? One notable difference 
with their studies is how we measured comprehension. Based on the work of 
Kraal and colleagues (2018; 2019), we used open-ended comprehension ques-
tions directly targeting the same causal connections as the inference-stimuling 
questions  that were asked during reading and listening. Consequently, children 
in the condition without questioning were prompted to generate these inferences 
during the comprehension test, and may have done so successfully based on 
their memory of the narrative. So, our comprehension test may not have dis-
tinguished very well between inferences made during reading or listening and 
inferences made during the test. In the van den Broek et al. (2001; 2011) studies, 
however, a free recall protocol was used to measure children’s comprehension 
after reading or listening. An advantage of this is that children are not directly 
prompted to draw inferences, which may better reflect differences in inferences 
made during reading or listening.

To conclude, in this experiment we tested younger children with lower decod-
ing skills and found that inferential questioning increased cognitive load. How-
ever, still no effect on comprehension outcomes was found. Therefore, in Experi-
ment 3 we tested whether the way comprehension was measured might explain 
why no effect on comprehension was obtained.

Experiment 3

Experiment 3 builds on the previous two experiments, but now using van den 
Broek et al.’s (2001; 2011) free recall task. Again, we compared a listening con-
dition to a reading condition, and included a no-questioning control group. How-
ever, instead of using open-ended comprehension questions (Experiment 1 and 
2), we used free recall to measure children’s comprehension. Additionally, we 
looked at children’s recall of specific inferences in the narrative which enables a 
comparison with the open-ended comprehension questions used in our previous 
two experiments. Based on our findings in Experiment 1 and 2, we expected no 
comprehension differences between reading and listening conditions. Data were 
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collected at the end of second grade, so based on the results of Experiment 1, 
we expected no cognitive load differences between reading and listening condi-
tions. Using van den Broek et al.’s free recall task, we expected a negative effect 
of inference-stimulation on children’s comprehension in the reading condition 
(van den Broek et  al., 2001). Moreover, we expected a positive effect of infer-
ence-stimulation in the listening condition (Butterfuss et al., 2021; Freed & Cain, 
2017; van den Broek et al., 2011). Finally, as in Experiment 1 and 2, we expected 
children in the questioning condition to experience higher cognitive load com-
pared to children in the no-questioning condition.

Method

Participants and design

Participants were 60  second grade children from four elementary schools in the 
Netherlands. Data from two children were excluded because of failed audio-record-
ings, resulting in a sample of 58 children (29 boys, 29 girls; age range 7–8 years). 
Children’s parents or caretakers signed an informed consent letter. We used a 2 × 2 
design with modality (reading vs. listening) as within-subjects variable and infer-
ence-stimulation (questioning vs. no-questioning) as between-subjects variable, and 
comprehension and cognitive load as dependent variables. Inference-stimulation 
was, in constrast to Experiment 1 and 2, a between-subjects variable to better align 
with the van den Broek et  al. (2001) study. Children were randomly assigned to 
either the questioning condition (N = 30) or the no-questioning condition (N = 28). 
To check whether the inference-stimulation groups were comparable, we looked at 
children’s standardized decoding skills and standardized reading comprehension 
skills. The same four narratives were used as in the previous experiments. In each 
condition, children received two narratives that were matched on difficulty (based 
on scores in the previous two experiments). One pair consisted of the hide-and-seek 
and elephant Okke narratives and the other pair consisted of the little mouse and 
iPad narratives. For each participant, each pair was randomly assigned to the read-
ing or listening condition. The four narratives were presented in a fixed order (hide-
and-seek, little mouse, elephant Okke, and iPad), so half of the children started with 
reading and the other half with listening. Presentation of texts and audio-recordings 
was alternated.

Materials

Same as Experiment 1 and 2, except for the measurements described below.
Comprehension test. Comprehension was measured using a free recall task 

(van den Broek et al., 2001; van den Broek et al., 2011). After each narrative, chil-
dren saw an image of a light bulb and the text “What do you recall from the narra-
tive?”. The test leader instructed them to tell as much as possible about what they 
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remembered from the story. Neutral prompts and encouragements were used to stim-
ulate children to continue talking. When children indicated to not remember any-
thing, one question was asked to stimulate talking (e.g., who were the characters in 
the story?). No feedback was given on the free recall responses.

Free recall responses were recorded and afterwards transcribed. Four independ-
ent raters divided the responses into subject-verb clauses (or idea units; Trabasso & 
van den Broek, 1985). The original text of the narratives was also divided into idea 
units. Following van den Broek et al. (2001; 2011), children’s overall recall scores 
were calculated by dividing the number of correctly recalled idea units by the total 
number of idea units in the narrative. Additionally, we considered ‘question-related’ 
recall to evaluate the effect of inferential questioning more specifically. We labeled 
the idea units in the narratives relevant for answering the inferential questions and 
calculated question-related recall scores by dividing the number of recalled ques-
tion-related idea units by the total number of question-related idea units in the nar-
rative. Two of the four independent raters scored the free recall responses of 20% 
of the children (N = 12). Inter-rater reliability was high for the total recall scores 
(ICC = 0.90) and question-related recall scores (ICC = 0.80). After establishing good 
reliability, the four raters scored the responses of the remaining children.

We again validated the scores on our comprehension measure using a standard-
ized assessment of reading comprehension (see Reading Comprehension Skills). 
This resulted in medium and significant correlations between children’s standard-
ized scores and their overall recall in the reading condition, r = .43, p = .001, and 
listening condition, r = .36, p = .008. The same was found for question-related recall 
in the reading condition, r = .47, p < .001, and listening condition, r = .31, p = .025.

Cognitive load. The same instrument was used as in Experiment 1 and 2, but 
based on our  experiences in these experiments, we replaced the anime drawings 
with pictures of bears from The Bear Cards as these better assist children in recog-
nizing and talking about their feelings and invested effort (Fig. 2, Qcards, 2010).

Fig. 2   The 9-point mental effort rating scale with a bear at both endpoints
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Decoding skills. All four schools had administered the 2018 version of the Three 
Minutes Test. The reliability of this version is high (reliability coefficient = 0.97; van 
Til et al., 2018). Schools provided children’s level of functioning, indicating whether 
a child performs at a level representative for the middle/end of a certain grade level 
(e.g., M4 for the middle of grade 2). These levels were transformed into numbers 
(i.e., <M3 = 0, M3 = 1, E3 = 2, M4 = 3 etc.).

Reading comprehension skills. All four schools had administered the 2018 ver-
sion of the standardized Cito reading comprehension test (see Experiment 2). The 
participating schools provided us with children’s norm scores, based on a national 
norming sample of Cito. Children were given an A (highest scoring 25% of children 
in the Netherlands), B (25% scoring above average), C, (25% scoring below aver-
age), D, (15% scoring well below average) or E (lowest scoring 10%).

Procedure

The standardized decoding and reading comprehension tests were administered by 
the participating schools in January. The rest of the experiment was conducted in 
May. The procedure was identical to the procedure in Experiment 1 and 2, with a 
few exceptions. In the no-questioning condition, the practice and experimental nar-
ratives were presented without inferential questions in-between the fragments. After 
reading or listening to a fragment, children clicked ‘next’, and were immediately 
presented with the next fragment. After each narrative, children indicated their men-
tal effort and then completed the free recall test.

Results and discussion

Before testing our hypotheses, children’s decoding test scores were analyzed. Chil-
dren’s mean scores (M = 3.18, SD = 1.18) suggest that our sample has a level of 
decoding that is representative for the middle of second grade (matching the time 
of testing). Moreover, we examined children’s performance on the inferential ques-
tions asked during reading and listening. Average performance on the inferential 
questions was 3.10 (out of 4), which is comparable to Experiment 1 but slightly 
higher than in Experiment 2. Again, scores on the inferential questions asked dur-
ing reading (M = 3.01, SD = 0.71) and listening (M = 3.19, SD = 0.68) did not dif-
fer significantly, t(28) = 1.33, p = .195, d = 0.25. Finally, comparing the question-
ing and the no-questioning groups on reading comprehension and decoding skills 

Table 3   Mean (and SD) 
decoding and reading 
comprehension skills of 
children in the questioning and 
no-questioning group

Questioning No-questioning

Decoding skill (0–7) 2.98 (1.08) 3.39 (1.26)
Reading comprehension skill 

(1–5)
3.59 (1.58) 3.64 (1.41)
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(Table 3) showed that the randomization of participants to conditions was success-
ful, as none of the differences were significant, all ps > 0.05. Additionally, we tested 
whether children’s decoding skills and reading comprehension skills correlated with 
our dependent measures. Only reading comprehension skills were significantly cor-
related with children’s total recall and question-related recall, as reported before (see 
Comprehension Test). Therefore, we added reading comprehension skill as a covari-
ate when analyzing total recall and question-related recall scores.

Table  4 presents the total recall, question-related recall, and cognitive load in 
each condition. We expected no difference between reading and listening in terms 
of comprehension and cognitive load. Moreover, we expected inferential question-
ing to increase cognitive load, and to have a positive effect on comprehension in the 
listening condition, but a negative effect on comprehension in the reading condition. 
To test the hypotheses, separate mixed ANCOVAs with modality as within-subjects 
factor and inference-stimulation as between-subjects factor were performed on total 
recall scores, question-related recall scores, and cognitive load. When analyzing 
total recall and question-related recall, standardized reading comprehension was 
added as covariate.

For total recall, in line with our expectations, we found no difference between 
reading (M = 0.33, SD = 0.02) and listening (M = 0.33, SD = 0.02), F(1, 56) = 1.34, 
p = .253, n2

p
 = 0.03. Contrary to our expectations, we found a significant effect of 

inference-stimulation, F(1, 56) = 5.48, p = .023, n2
p
 = 0.10, with children in the 

questioning condition (M = 0.29, SD = 0.02) recalling fewer idea units than chil-
dren in the no-questioning condition (M = 0.37, SD = 0.02). Finally, contrary to our 
expectations, there was no modality × inference-stimulation interaction, F(1, 56) = 
0.85, p = .363, n2

p
 = 0.02. For question-related recall, we found a significant main 

effect of modality on comprehension, F(1, 56) = 5.16, p = .028, n2
p
 = 0.10. Chil-

dren recalled more question-related idea units in the listening condition (M = 0.41, 
SD = 0.02) compared to the reading condition (M = 0.37, SD = 0.02). However, there 
was no significant main effect of inference-stimulation, F(1, 56) = 1.29, p = .262, 
n
2

p
 = 0.03, and also no significant modality × inference-stimulation interaction, F(1, 

56) = 0.23, p = .637, n2
p
 < 0.01. Regarding cognitive load, we again found no signif-

icant difference between reading a narrative (M = 2.36, SD = 0.15) and listening to a 
narrative (M = 2.01, SD = 0.17), F(1, 56) = 3.57, p = .064, n2

p
 = 0.06. Also, contrary 

to our expectations, there was no significant cognitive load difference between chil-
dren in the questioning condition (M = 2.33, SD = 0.19) and children in the condition 

Table 4   Mean scores (and SD) on total recall, question-related recall, and cognitive load in each condi-
tion

Reading Listening

With questions Without questions With questions Without questions

Total recall 0.30 (0.13) 0.36 (0.15) 0.29 (0.11) 0.38 (0.14)
Question-related recall 0.36 (0.15) 0.39 (0.17) 0.38 (0.12) 0.43 (0.15)
Cognitive load 2.57 (1.10) 2.14 (1.22) 2.10 (1.09) 2.00 (1.43)
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without questioning (M = 2.07, SD = 2.33), F(1, 56) = 0.90, p = .346, n2
p
 = 0.02. 

This lack of a difference in cognitive load may be related to questioning being a 
between-subjects factor, so children did not have a standard for comparison. There 
was no significant modality × inference-stimulation interaction, F(1, 56) = 1.01, p = 
.320, n2

p
 = 0.02.

The finding that stimulating inference-making negatively affects children’s nar-
rative comprehension corresponds with the results of van den Broek et al. (2001). 
We replicated their result that for beginning readers, answering inferential questions 
during reading negatively affects comprehension outcomes. However, our idea was 
that listening to narratives may provide children with a cognitively less demanding 
context in which inference-stimulation could effectively improve comprehension. 
Instead, our results suggest that asking inferential questions is not beneficial for 
beginning readers’ comprehension, independent from modality. Our findings add to 
the literature by showing that inferential questioning during listening was also not 
effective in improving comprehension, when compared to a control group without 
inferential questioning. This raises questions about the suitability of inferential ques-
tioning as a strategy to improve comprehension in beginning readers.

A possible explanation for the overall negative effect of inferential questioning 
on total recall is that children in the inferential questioning conditions were less 
inclined to share everything they remembered. They had already answered the infer-
ential questions during reading and listening, so possibly they thought it was not 
necessary to repeat this information during the free recall task. This explanation is 
not supported by our data, as there was no effect of inferential questioning on recall 
of question-related idea units. Given that the questioning condition showed lower 
scores on total recall of idea units, a more likely explanation is that children in this 
condition had focused only on recalling information that was relevant for answering 
the inferential questions and left out other parts of the narrative.

General discussion

In three experiments, we investigated whether stimulating inference-making among 
beginning readers is more effective and less cognitively demanding in a listening 
context than in a reading context. We expected that stimulating inference-making 
through inferential questioning would increase cognitive load, and that it would 
negatively affect comprehension in a reading context (due to additional cogni-
tive demands related to decoding), but positively affect comprehension in a listen-
ing context (because questions direct children’s attention to important inferences 
in the narrative). The results indicated that, overall, inferential questioning indeed 
increased children’s cognitive load (Experiment 1 & 2). However, inferential ques-
tioning did not affect comprehension in the way we expected, because in all three 
experiments, we did not find the hypothesized interaction effect between inferential 
questioning and modality (i.e., reading vs. listening). Instead, we found that ask-
ing inferential questions did not improve narrative comprehension: not in a reading 
context, nor in a listening context. This indicates that stimulating inference-making 
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in a listening context is not necessarily more effective or less cognitively demanding 
than in a reading context.

Effect of stimulating inference‑making with questioning

The lack of a positive effect of stimulating inference-making during listening 
extends prior research as follows. Previous studies reported that inferential question-
ing during listening is more effective than questioning after listening (Butterfuss 
et al., 2021; Freed & Cain, 2017; van den Broek et al., 2011). But our results indi-
cate that asking inferential questions during listening does not improve comprehen-
sion compared to no-questioning. Importantly, this result was obtained both when 
measuring comprehension using open-ended comprehension questions (Experiment 
1 & 2), and when using a free recall protocol (Experiment 3). For the latter, it was 
even found that inferential questioning negatively affected children’s total recall in 
both the reading and listening condition. These findings raise the question whether 
inferential questioning should be used for improving comprehension of beginning 
readers.

This lack of a positive effect on listening (or reading) comprehension might sim-
ply indicate that our participants were well able to understand the narratives without 
the questions. However, children’s comprehension scores in the no-questioning con-
dition show that there is still room for improvement. On average, children answered 
2.67 (Experiment 1) or 1.99 (Experiment 2) out of 4 questions correctly, and 
recalled only 37% of all idea units (Experiment 3). Another explanation could be 
that the questioning technique did not work as planned. We exploratively tested this 
explanation by correlating performance on the inferential questions with compre-
hension scores2. The correlations indicate that overall, children’s ability to answer 
the inferential questions was not related to their comprehension after reading or lis-
tening. So, children who were well able to answer the inferential questions during 
reading or listening did not necessarily perform better on the comprehension test, 
and vice versa. This is surprising, given that our inferential questions were aligned 
with the comprehension test. That is, they were targeting the same implicit relations 
in the narrative.

A reason for why the questioning technique did not work as expected could be 
that children failed to recognize the link between the inference-stimulating ques-
tions and the comprehension test. Even though the questions were aimed at the 
same causal connections, they still require some sort of transfer. Similarly, the free 
recall task is a different task than answering the inferential questions during the nar-
rative, so performance on these tasks may be unrelated as well. Another difficulty 

2   For Experiment 1, we found a medium and significant correlation between children’s scores on the 
inferential questions and their comprehension scores, r = .44, p = .004. However, for Experiment 2, scores 
on the inferential questions and comprehension scores were not significantly correlated, r = .24, p = .330. 
Similarly, in Experiment 3, we found no significant correlation between children’s performance on the 
inferential questions and their total recall scores, r = .02, p = .920, or their question-related recall, r = .15, 
p = .448.
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might have been that children were not given the option to go back in the narrative 
when they were unable to answer the inference-stimulating questions. These options 
would allow children to actually search for the causal connections that the questions 
were aimed at and this way facilitate inference-making. They also did not receive 
feedback on their answers, just like in previous studies (Freed & Cain, 2017; van den 
Broek et al., 2001; 2011). According to the iLC framework (Kendeou et al., 2020), 
inferencing can be supported via inferential questioning when including scaffolding 
and feedback. Indeed, the results of Butterfuss et al. (2021) suggest that immediate 
feedback explaining why the inference was correct or incorrect may be a valuable 
addition. Therefore, it would be interesting for future research to compare the effect 
of inferential questioning during reading and during listening in a setting where chil-
dren can go back in the narrative and/or receive feedback on their answers to the 
inference-stimulating questions.

Finally, in this study we used online questioning, which involves prompting infer-
ence-making at points when they are needed for comprehension, so called coherence 
breaks (Butterfuss et al., 2021). This online approach may have affected the results, 
for example by interrupting the comprehension process and hereby increasing cog-
nitive load, as was shown by our results. It is uncertain whether questioning after 
reading or listening would yield similar results. Especially given that offline ques-
tioning does not interrupt reading or listening, which possibly allows young children 
to focus their limited resources on comprehension. Moreover, the duration of the 
questioning intervention may have affected the results. Previous studies showed pos-
itive effects when beginning readers follow multiple lessons with inferential ques-
tioning (e.g., McMaster et  al., 2012). Possibly, young children need more time to 
get used to answering questions during reading or listening, before it can positively 
affect their comprehension. Future research could also examine the effect of teach-
ing a comprehension strategy in both a reading and listening context. Using a strat-
egy does not require assistance of a teacher or researcher, which allows children to 
work independently. For example, we could also train them to formulate their own 
questions (i.e., a self-questioning strategy, Joseph et  al., 2016). It would be inter-
esting to examine whether children can be trained in using a strategy with audio 
materials, and whether this also results in improved inference-making and compre-
hension when reading. Practicing with a strategy in a listening context could be less 
cognitively demanding and more motivating for children than reading.

Effect of modality

Another unexpected finding from our study is that there were hardly any differences 
between reading and listening in terms of comprehension and cognitive load. The 
only difference we found was that reading imposed slightly higher cognitive load for 
less advanced readers (Experiment 2), and that listening resulted in better recall of 
question-related idea units (Experiment 3). This suggests that listening was slightly 
easier for beginning readers. These findings do not align with our expectations based 
on previous studies that compared the level of reading and listening comprehen-
sion in primary school and reported differences for this age group (Diakidoy et al., 
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2005; Sticht & James, 1984; Verlaan et al., 2017; Wannagat et al., 2017). Possibly, 
instructing children to read the narratives aloud resulted in a reading condition that 
was more similar to listening than expected. On the other hand, the reading condi-
tion still required children to decode written text, so this cannot fully explain the lack 
of a difference. Another potential explanation is related to differences between lan-
guages (Florit & Cain, 2011). Most studies reporting differences in the level of read-
ing and listening comprehension were conducted in languages with a deep orthog-
raphy such as English (except for Wannagat et  al., 2017). In such languages the 
mapping between graphemes (i.e., letters or clusters of letters) and phonemes (i.e., 
sounds) is less consistent. In transparent orthographies, such as the Dutch language, 
the grapheme-phoneme mapping is more consistent, which makes it easier to learn 
and master basic reading skills. So, in our sample of Dutch second graders, reading 
comprehension may be less affected by children’s decoding skills and consequently 
the level of reading and listening comprehension is already comparable at a younger 
age. This also aligns with our cognitive load results indicating that understanding 
spoken narratives is not necessarily more cognitively demanding than understanding 
written narratives. It is of course possible that listening and reading were cognitively 
demanding in a different way. For example, while written text imposes demands due 
to the requirement to decode the text, spoken text is transient requiring children to 
keep earlier presented information active in working memory to connect it to later 
presented information. So possibly, local or text-based inferences are easier to make 
when reading than when listening (Freed & Cain, 2021). Future research is needed 
to investigate to what extent differences in cognitive load relate to the effectiveness 
of inferential questioning. This would extend prior research comparing listening and 
reading comprehension in a novel direction as cognitive load has so far not been 
measured in these studies.

Limitations

A limitation of our experiments is that we used relatively small samples, especially 
in Experiment 2. However, due to the within-subjects designs in Experiment 1 and 
2, there were still 43 and 18 children per condition, respectively. This is compa-
rable with previous studies (e.g., van den Broek et  al., 2001), showing significant 
effects of inferential questioning. Another limitation might be that we used a sub-
jective one-item measure of cognitive load (Paas, 1992). Although this scale has 
been shown to be a reliable and valid assessment of cognitive load during a task 
(Paas et al., 2003), more elaborate (e.g., Leppink et al., 2015) or physiological (e.g., 
Skulmowski and Rey, 2017) measures of cognitive load may provide different out-
comes. As described in the method, we aimed to make the scale more age-appro-
priate (Laurie-Rose et al., 2014). However, it remains uncertain whether the young 
children in our sample were capable of giving a good estimate of their mental effort 
during reading or listening. Another point is that the alarm clock and message that 
were presented on the computer screen, prior to asking the inference-stimulating 
questions, potentially disrupted children’s situation model construction. This may 
have affected children’s comprehension processes and outcomes, so future studies 
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should prevent these additional distractions. Finally, our results may be restricted to 
our specific materials, that is, the narratives and comprehension questions that were 
used. For example, we used narratives with a causal story structure, but a different 
genre with other inference types may yield different results. Additionally, the inter-
nal consistency of our comprehension assessment appeared to be rather low, which 
is not surprising, but relevant to note for researchers wanting to use these materials.

Conclusion

To conclude, the present study was the first to evaluate the effect of inferential ques-
tioning on both reading and listening comprehension, including a no-questioning 
control group. Adding this control group led us to conclude that inferential ques-
tioning was actually not beneficial for children’s reading comprehension or listening 
comprehension, which is a different from what earlier studies suggested (Butterfuss 
et al., 2021; Freed & Cain, 2017; van den Broek et al., 2011). Our direct comparison 
between stimulating inference-making in a reading and a listening context demon-
strated that inferential questioning did not improve children’s narrative comprehen-
sion, not in a reading context, nor in a listening context. So, a practical implication is 
that listening is not necessarily an easier context to practice inference-making skills 
for beginning readers than reading. These findings call for more research on how we 
can support inference-making in beginning readers, and whether we can use other 
media than written text to improve reading comprehension.
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