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Abstract The role of temporal and causal connectives is relevant in reading
comprehension. Children with comprehension difficulties have problems in interpreting these connectives (e.g. Amidon, 1976; Feagans, 1980; Pyykkônen, Niemi
and Järvikivi, 2003; Trosborg, 1982). The Adaptive Learning System (ALS)
TERENCE aims to develop children’s comprehension through the use of adaptive
visual and verbal games. Within this framework, the purpose of this study was to
assess connective comprehension with three visual and verbal tasks. Two hundred
and eight English and Italian children participated in this study. The main results
show that the use of pictures does not always support comprehension. Moreover,
less skilled children perform better at simultaneous connective “while” compared
to the temporal sequential connectives (before, after) and causal (because) ones.
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Introduction
Reading comprehension is a daily activity that we often take for granted; however in reading and understanding a text several complex cognitive processes are
engaged (such as language, reasoning and memory skills). Approximately 10% of
young readers acquire age-‐‑appropriate word reading skills but do not develop
commensurate reading comprehension ability [7], which is below the predicted
level for their word reading ability and their chronological age. These children are
less likely than good comprehenders to integrate information in a mental representation of the text read [7]. In narrative texts, readers’ ability depends on relating
the narrated events to form a mental representation of their sequence. Readers use
their knowledge of the language and their knowledge of the world to construct
mental models of temporal and causal sequences of events narrated in a text. The
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main difficulty in this process is that language does not always encode events
chronologically in a text. Some studies showed that children aged 7 to 12 sometimes fail to reach the correct interpretation of temporal sentences [2,12,19,24].
On the contrary, adults and more expert readers tend to store sequential events in
chronological order [3,16,20,25,27], and do not have difficulties in achieving a
coherent mental model of the event order whatever the order of the encoded
events [10,13].
Developing children’s ability to understand temporal and causal relations in
stories is the goal of TERENCE, a EU funded Project aimed at designing an
Adaptive Learning System (ALS) for poor readers and their educators. A first step
is to examine children’s comprehension of temporal and causal relations expressed
by explicit connectives, like “before”, “after”, “while” and “because”. Connectives are the main linguistic devices that help readers to establish relations between the narrated events. They appear early in children’s language production
[23], but understanding of them is still developing in 10-year-olds [6], especially
for connectives conveying complex cognitive relations, such as “while” [5]. We
report the results of a study where the understanding of temporal and causal connectives was analyzed using tasks where the kind of information in support of the
reader’s reasoning was either visual (pictures) or verbal (text) (see material section).
Past studies of learning from text and pictures have shown that students learn
better from text and pictures than from text alone [4,17]. In order to foster comprehension, information selected from the picture has to be integrated with information selected from text into a coherent mental representation [17,22,26]. Pictures in addition to text are especially suited for supporting cognitive functions
that are not fostered by text alone [1,21]. Examples from visuo-spatial [15] or
causal [14] reasoning show that such reasoning is easier when pictures support
text. Some authors [9] argue that pictures can support critical psychological learning processes: they can support attention, help activate or build prior knowledge,
minimize cognitive load and help to build mental models. On the basis of these
observations, we predict that the comprehension of sentences with causal and
temporal connectives should be easier when supported by pictures.
In our study, we compared the comprehension of causal and temporal connectives in a verbal context, given by a short narrative text, with comprehension of
the same connectives in two tasks in which the context for interpreting the sentences was provided by pictures. Both sentence-pictures tasks respected the coherence between text and pictures, as suggested by Anglin, Vaez, & Cunningham,
(2004) and Mayer (2005). In the first visual task, pictures helped the reader understand the events expressed by a sentence but not their (causal or temporal) relationship (Fig. 1) (tasks are described below). In this condition children’s understanding of the relation between the events depended only on reading and processing the connectives in each sentence. In comparison, in the second visual task
one picture depicted a situation that was coherent with the temporal or causal relation (and connective) expressed by only one of three presented sentences. Children
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could understand both the events and their relationship looking at the picture, but
they had to read (and understand) three sentences to choose the one that correctly
described the situation in the picture (Fig. 2).
The performance of less skilled readers on the experimental tasks provides evidence concerning which tasks are more difficult, and the effects of visual aids on
poor readers' performance. This information might provide indications for the development of the Artificial Intelligence Learning System (i.e. games).

Method

Participants
Sixty three English children (M=31; F=32) aged 7 to 11 years (M=9.03;
SD=1.22) and 145 Italian children (M=76; F=69) aged 8 to 11 years (M=9.2;
SD=.83) participated in the study. They attended schools situated in Sussex, UK
(2 schools) and Veneto region in Italy (6 schools). All of the children spoke English or Italian fluently and had written parental consent to participate in the study.
Data from those children with poor decoding abilities, or any known behavioral,
emotional, or learning difficulties (provided by teacher reports) were excluded
from the analyses reported in this paper.
Children were assessed with standardized reading tests: an adapted (listening)
version of the Neale Analysis of Reading Ability—Revised British Edition [18]
for English children, and, for Italian ones, “prove MT” - Revised Edition [11]. On
the basis of their text comprehension score, children were classified as skilled
comprehenders (SC) (SC English sample: N=35; Italian sample: N=102) or less
skilled comprehenders (LSC English sample: N=28; Italian sample: N=43).

Materials
Three experimental tasks were set up to test the comprehension skills of temporal
sequential (before, after), temporal simultaneous (while) and causal (because)
connectives with different tasks, including pictures or not. Task 1 (T1) comprised
16 items. For each item, children had one sentence to read and 3 pictures portraying events expressed in the sentence, which were presented in a jumbled order.
The child had to numerically order them (writing 1, 2 or 3 under each picture) according to the meaning of the sentence read (Fig. 1). In task 2 (T2), 21 items were
presented. Each item included a picture that illustrated a situation or an event, and
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three sentences differing only in their connective. The picture was consistent with
one of the causal or temporal relations expressed by the connectives, but not with
the others. Children had to choose the sentence that best matched the picture (Fig.
2).
Fig. 1. Example of Task 1 item. Children had to fill the blank space with the right number to order the picture story.

Fig. 2. Example of task 2 item. Children had to choose the correct sentence according to the picture.

Task 3 (T3) was a story of about 700 words (adapted from [8]). Twenty-four connectives of the story were substituted by groups of three connectives: one correct,
in the verbal context of the text, and the other two wrong. Children had to choose
the right one from the three, in order to restore the consistency of the story.

Design and procedure
The experiment took place in school. Children were tested in small groups of five
students (in the UK), or altogether in their own classroom (in Italy). The standardized reading comprehension tests (NARA and MT) were administered to all children to assess their reading skills. In order to avoid tiredness both Task 1 and Task
2 were split and half of each of the two tasks were administered at two different
times. The order of presentation of the different parts was counterbalanced across
participants. Task 3 was completed in a separate session.

Data analysis
The results were analyzed for English and Italian children separately because of
the differences between the languages and the reading tests used. Correlations be-
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tween the scores on the reading tests and the three experimental tasks were run to
test the validity of the tasks. We then conducted a mixed analysis of variance
(ANOVA) to explore differences in correct responses (dependent variable), with
task as the within factor (three levels: task 1, task 2, task 3), and skill group as the
between factor (with two levels: SC and LSC). Since TERENCE is aimed at less
skilled readers, a second analysis focused on this group was conducted. Two repeated measure ANOVAs were run, to verify differences in means of percentages
of correct responses, one with the task as the within factor (T1, T2, T3), and one
with the connective as the within factor (before-after; while; because), considering
only the sample of LSC, separately for the Italian and English sample.

Results
The correlations between the comprehension scores and the tasks show differences between the two groups. For English children the correlation between reading comprehension scores (NARA) and Tasks 2 and 3 (picture-sentence match and
verbal story tasks) was high (r=.54, p<.001 and r=.51, p<.001 respectively) and
modest when Task 1 was considered (r=.27, p<.05). For Italian children, the results show that children’s reading comprehension scores (MT tests) correlated
with Task 1 and Task 3 (picture ordering task, r=.36, p<.001, and the verbal story
task, r=.38, p<.001). No correlation was found between MT test and Task 2 performance.
The main effect of skill group was significant both for English (F(1,35)=3.68,
p<.001) and Italian children (F(1,142)=45.1, p<.001), revealing that skilled comprehenders performed significantly better in all tasks. The analyses also revealed the
main effect of task for English children (F(2,70)=27.409, p<.001): Task 2 was easier
than the other tasks. The same was found for Italian children (F(2,284)=54.875,
p<.001): the highest accuracy was for Task 2 and the lowest for Task 1. Also the
interaction “Task” x “Skill Group” was significant for both English (F(2,70)=4.519,
p<.05) and Italian (F(2,284)=5.279, p<.05) children. Task 3 was the best at differentiating between English SCs vs. LSCs. Task 2 was the one that differentiated the
least between Italian SCs and LSCs: The higher accuracy of Task 2 yielded a ceiling effect for both groups (Tab.1).
The ANOVAs focused only on the less skilled readers showed that, in general,
the performance was poorer in Task 1 than in Task 2. This difference was significant in both English (F(2,34)=17.210, p<.001) and Italian (F(2,84)=23.731, p<.001)
children. The pattern of means was explored further with a series of paired sample
t tests. For English children, performance on Task 3 was significantly poorer than
performance on the other two tasks (p<.01). For Italian children, the poorest performance was on Task 1. However, Task 3 was performed less well than Task 2
(p<.005). These results confirm that the task supported by pictures (T2) is the
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most simple for children with comprehension difficulties. In contrast, the most
complex tasks were T3 for English children and T1 for Italian ones. These results
suggest that pictures per se do not support reading comprehension more than verbal information, but do so only when they convey information about the relationship between events represented in the text. This information does not necessarily
need to explicitly represent the relationship between two or more events, but could
be inferred from the use of appropriate pictures that trigger children’s world
knowledge (as in Fig. 2).
Table 1. Percentage of Correct Comprehension responses as a Function of Comprehension Skill
and Type of Task for English (UK) and Italian (IT) children.
Task 1
English LSC 65 (5.6)
SC
Italian

Task 2

80.7 (3.5) 46.6 (5.3)

66.2 (5.5) 87.9 (3.4) 69.2 (5.1)

LSC 60.3 (2.9) 86.5 (2)
SC

Task 3

74.8 (1.9)

77.4 (1.9) 91.3 (1.3) 87.5 (1.3)

Standard Deviations are shown in parentheses

The less skilled readers’ comprehension of the connectives (“before-after”,
“while” and “because”) revealed interesting results for both English and Italian
readers. Indeed, we found that “while” was significantly better understood (UK
mean=69.8, SD=4.2; It mean=83.5, SD=2.4) than “before-after” (p<.001) (UK
mean=55.6, SD=4.1; It mean=66.7, SD=2.6) and “because” (p<.05) (UK
mean=60.1, SD=3.8; It mean=71.6, SD=2.5) both by English (F(2,54)=5.633, p<.01)
and Italian (F(2,84)=19.091, p<.001) less skilled comprehenders whereas we did not
find differences in children’s comprehension of “before-after” and “because” in
either language. These results indicate that, in our Tasks, “while” relations were
the easiest to understand for children with comprehension difficulties. Interestingly, the most complex connectives were the sequential ones “before” and “after”.

Discussion
Correlational analyses showed that the experimental tasks requiring comprehension of temporal and causal connectives assess skills that are important for
reading comprehension. However, whereas T2 discriminates well between English
children with good and poor comprehension skills, it is less predictive of Italian
children’s comprehension because of ceiling effects. The differences between
tasks results may be due to inherent characteristics of the two languages. Task 3
discriminates well between LSCs and SCs, mostly because, like the reading tests,
it is a verbal task. This observation confirms the difficulty of children aged 7 to 11
years in interpreting connectives, as shown in [2,6,12,19,24].
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As hypothesized on the basis of [4,17], pictures are useful for comprehension
when they illustrate the situation described in the sentence (T2). In contrast, they
do not support the comprehension of sentences when they do not illustrate the relationship between event and sentence (T1). In this case, accuracy is similar to that
obtained in verbal task (T3). This finding shows that verbal tasks are not systematically more difficult than tasks supported by pictures. Pictures can make the task
easier allowing inferences about the relation between events on the basis of the
child’s world knowledge, as in T2. When more complex cognitive processes are
required, as in T1, pictures do not support verbal comprehension. In T1, readers
could have difficulties not only when comprehending the sentence, but also when
manipulating the pictures.
Interestingly, the sequential temporal connectives “before” and “after”, and the
causal one “because” were the most difficult, whereas “while” was the easiest.
This pattern was found across tasks, and indicates that sequential events are probably more difficult to represent through language than simultaneous ones, contrary
to that which was found in [5]. The difficulty for readers could be due to the fact
they have to process the two sequential or causal events in the whole sentence
context in order to understand which event is the first and which the second one.
In contrast, “while” could be the most accurate because it mainly connects an
event to a situation: its comprehension is linked more to reasoning processing and
less to the sentence structure. Pictures can fully represent only one event at a time:
thus, in the case of two sequential or causal events, the picture can represent only
one of the two, and the reader has to infer the temporal or logical position of the
one which is not represented. On the contrary, when representing “while” sentences, both pieces of information (event and situation) can be represented in the same
picture. This observation seems to confirm the previous hypothesis that pictures
help when they represent the relation between events.

Conclusions
The results of this research suggest some interesting implications concerning
the comprehension of temporal and causal relations expressed by connectives in
texts. Among them:
• verbal tasks are not systematically more complex than visual ones;
• pictures make reading comprehension easier when they allow inferences about
the relation between events on the basis of the child’s world knowledge, as in
T2;
• the comprehension of “while” relations seems to be less sensitive to the kind of
visual representation provided: a picture sequence or a single picture.
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