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This study assessed the effects of multi-sensory training on the understanding of the
alphabetic principle in kindergarten children from low socio-economic status families.
Two interventions were compared, called HVAM (visual and haptic exploration of
letters) and VAM (visual exploration of letters). The interventions were conducted by
either researchers or teachers. Results showed that performance in the letter
recognition task and in the initial phoneme identiﬁcation task were higher after HVAM
training than after VAM training in kindergarten. Moreover, pseudo-word decoding
scores improved more after HVAM training than after VAM training in ﬁrst grade. This
delayed effect on decoding was explained by the children’s poor performance on some
language skills necessary for reading acquisition. Visuo-haptic exploration enables the
children ﬁrst to increase performance on letter knowledge and initial phoneme
awareness and then allowed better decoding skills. No differences were found between
the interventions conducted by researchers and those conducted by teachers.

Numerous studies on reading acquisition have identiﬁed phonological awareness and
more particularly phonemic awareness as one of the best predictors of reading success
(Bus & Van Ijzendoorn, 1999; Ehri et al., 2001; Gombert & Colé, 2000; Hulme et al.,
2002; Sprugevica & Hoien, 2003; Troia, 1999). However, this ability seems to be
necessary but not sufﬁcient in itself for acquiring phonological decoding skills (for a
recent review, see Castles & Coltheart, 2004). Training in phonological awareness and
letter knowledge in combination is a more effective foundation for teaching children to
read than training phonological skills in isolation (Byrne & Fielding-Barnsley, 1991;
Castles & Coltheart, 2004; Ehri et al., 2001; Schneider, Roth, & Ennemoser, 2000).
Although this kind of training has proved to be quite efﬁcient, the question of the
optimal strategy for training children to link their emerging phonological awareness
with printed knowledge (in particular letter knowledge) is still a challenge in research.
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The multi-sensory methods, which stress all the different channels (vision, hearing and
haptic), seem to bring a suitable solution because they could make very explicit
connections between the different activities involved in reading and spelling (Bryant &
Bradley, 1985). These methods allow the child to retain at the same time, the visual
image of the letter and the movement necessary for writing it, and thus is in line with
Frith’s (1985) claim that access to the alphabetic principle comes via spelling and
writing acquisition.
Some studies have shown that multi-sensory methods are particularly suitable for the
remediation of reading difﬁculties (Bradley, 1981; Bryant & Bradley, 1985; Hulme, 1981;
Ofman & Shaevitz, 1963). According to Bryant and Bradley, backward readers, just as
beginner readers, tend to treat as two separate things: what they learn about a written
word’s sound and what they learn about its visual appearance. Multi-sensory methods
enable them to connect these two different kinds of learning.
In our recent studies, we successfully used a multi-sensory training with pre-reading
kindergarten children from average socio-economic status families (Bara, Gentaz, &
Colé, 2004; Gentaz, Colé, & Bara, 2003). We investigated the effects, on the
understanding and use of the alphabetic principle, of adding visuo-haptic and haptic
exploration of letters in training designed to develop phonemic awareness, letter
knowledge and letter/sound correspondences. Two kinds of intervention, which
differed in the perceptual modes they addressed, were compared. ‘HVAM’ training
(haptic-visual-auditory-metaphonological) involved haptic, visual and auditory modes
whereas ‘VAM’ training (visual-auditory-metaphonological) only involved visual and
auditory modes. Both interventions made use of the same phonological exercises.
However, whereas the work on letter identity in HVAM training was based on visuohaptic and haptic exploration (the shapes of the raised letters were traced with the
index ﬁnger), only visual exploration was involved in VAM training. Results revealed that
pseudo-word decoding scores improved more after HVAM training than after VAM
training. However, no difference was found between the two interventions in the letter
recognition test and in the phoneme identiﬁcation tests. This positive effect on
decoding was explained in terms of the functional speciﬁcities of various sensory modes
(Hatwell, Streri, & Gentaz, 2000; Lederman & Klatzky, 1987). In the case of sight, all the
object’s dimensions are perceived quasi-simultaneously. It is not the same in haptic
modality because haptic exploration requires children to process letters in a more
sequential and therefore in a more analytical way, something which they do not do
naturally when letters are presented in a visual mode only. As a result, it might facilitate
the link between letters which are processed visually and sounds which are processed
auditorily. This hypothesis was investigated in another study (Bara et al., 2004) by
evaluating a third training called ‘VAM-sequential’. In this training, the letters were
explored visually and sequentially (they took shape gradually on a computer screen).
Results showed that pseudo-word decoding scores were higher after HVAM training
than after both VAM and VAM-sequential training. Therefore, they suggested that the
sequential exploration of letters (independent of the perceptual modality involved) was
not sufﬁcient alone for explaining improvements in pseudo-word decoding. In
conclusion, it is the active motor act of exploring the letter in itself that improves the
children’s decoding level.
Because of the number of backward readers and because children who are
experiencing early difﬁculties in learning to read almost invariably continue to be poor
readers throughout their schooling (Francis, Shaywitz, Stuebing, Shaywitz, & Fletcher,
1996; Torgesen & Burgess, 1998), it seems of crucial importance to ﬁnd ways of

Haptics in reading acquisition

645

preventing early potential problems. In this framework, we have to deal with the manner
of selecting children who need early intervention. Hatcher, Hulme, and Snowling (2004)
have recently determined three variables which allow us to identify easily, at a very early
stage of schooling, children who are more likely to fail in reading acquisition. Children can
be considered at risk of reading failure if they show a low level of vocabulary, letter
identiﬁcation, rhyme and phoneme deletion, and if they are slow at acquiring these
literacy skills. Although semantic abilities essentially assume importance later in the
reading acquisition process, they can also affect decoding skills because they are
predictive of phonological awareness (Bishop & Adams, 1990; Burgess & Lonigan, 1998;
Elbro, Borstrom, & Petersen, 1998; Lonigan, Burgess, & Anthony, 2000; Lonigan, Burgess,
Anthony, & Barker, 1998; Share, Jorm, Maclean, & Matthews, 1984; Wagner, Torgesen,
Laughon, Simmons, & Rashotte, 1993; Wagner et al., 1997) and because their growth
fosters phonological segmentation (Carroll, Snowling, Hulme, & Stevenson, 2003).
This problem of reading readiness is strongly linked to family income. It has been
reported that poor readers, who enter school signiﬁcantly delayed in a wider range of
pre-reading skills, consist largely of children from low socio-economic status families
(Davie, Butler, & Goldstein, 1972; Duncan, 2000; Jantz, 1974; Raz & Bryant, 1990;
Stuart, 1998; Wedge & Prosser, 1973). To explain this poor reading level, a number of
preschool factors have been identiﬁed, such as low frequency of shared reading
activities at home (Adam, 1990; Britto, Fuligni, & Brooks-Gunn, 2002; Hewinson &
Tizard, 1980), limited material for promoting letter knowledge (Stuart, Dixon,
Masterson, & Quinlan, 1998), low average development of language (Quigley, 1973)
and low phonological awareness level (Bowey, 1995; Lonigan et al., 2000; Raz & Bryant,
1990). These children show difﬁculties in understanding and applying the alphabetic
principle (Torgesen & Burgess, 1998) and in learning to use the regular patterns of
correspondence between letters and sounds as an aid for identifying new words (Siegel,
1989). These difﬁculties should be avoided by an explicit and systematic phonemic and
alphabet letter instruction (Cardoso-Martins, 1991; Hatcher et al., 2004; Roberts, 2003).
Moreover, at-risk children beneﬁt more from phonological training than normally
developing children and reading delayed children (Ehri et al., 2001).
Positive results obtained with readers in difﬁculty and with pre-readers in
kindergarten lead us to think that the multi-sensory method should be quite suitable
for reading difﬁculty prevention. Thus, the present study evaluates the effects of
incorporating visuo-haptic and haptic exploration of letters in a preparatory reading
intervention with kindergarten children from low socio-economic status families. This
study had three main objectives:
(1)

(2)

To compare two ways of improving decoding skills in children at risk of reading
failure, who were selected by their family income. For this purpose, we compared
two interventions, one with a visuo-haptic and haptic exploration of letters (called
HVAM; experimental group) and the other with only a visual exploration of letters
(called VAM, control group). We chose the VAM training as a control group because
the goal was not to evaluate the effects of VAM training per se, but to evaluate the
effects of the addition of haptics in such training. Several studies (e.g. Byrne &
Fielding-Barnsley, 1991) have already compared the effects of this kind of training
(which develops phonemic awareness and letter knowledge) with the effects of
other control training (with only phonological exercises or semantic exercises).
To examine training effects in children from low socio-economic status families.
Because of the children’s characteristics (low level in vocabulary, letter knowledge
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(3)

and phonological awareness), it is possible that the training effects on the
decoding level would be delayed until a certain level of necessary language skills
was acquired. Therefore, we evaluated the long-term effects of the interventions
by testing the children twice, ﬁrst immediately after training (at the end of
kindergarten) and then at the beginning of ﬁrst grade.
To assess the ‘ecological validity’ of the interventions. The interventions were
conducted by either experimenters or classroom teachers. A few studies in which
training was led by teachers have shown that they were effective in teaching
phonemic awareness; however, the effect on reading was smaller than for the
interventions led by researchers (Ehri et al., 2001). Nevertheless, it seems that the
intervention efﬁciency results from the training attended by teachers. Blachman,
Tangel, Wynne-Ball, Black, and McGraw (1999) showed that after giving teachersspeciﬁc training on the goals and the procedure of the intervention, no difference
remained between teachers and researchers. Consequently, in our study, teachers
and researchers received equivalent training.

If the experiment shows the same pattern of results as the previous studies, we should
observe an improvement in the pseudo-word decoding task, following HVAM and VAM
training, but with higher amplitude after HVAM training than after VAM training.
Moreover, we should observe a similar improvement in the letter knowledge test and
in the phoneme identiﬁcation tests. Because of the children’s characteristics (low level
in vocabulary, letter knowledge and phonological awareness), an alternative
hypothesis may be that the training effect on the decoding level would be delayed
until some necessary language skills were acquired (that is letter knowledge and
phonemic awareness). Regression analyses should permit us to address this question.
Considering the fact that teachers and experimenters were equally trained, we
expected no differences between the interventions led by teachers and those led by
experimenters.

Method
Participants
One hundred and thirty-two French children (77 girls and 55 boys) selected from a
sample of 230 children, with a mean age of 5 years 5 months (5 years to 6 years 1
month), took part in this study. These children were attending 14 different kindergarten
classes at schools in Chambéry (Savoie, France). They were all schooled in a ‘Priority
Education Area’ (called ZEP in France) which is deﬁned as a low socio-economic
catchment area exhibiting a variety of social difﬁculties such as lower socio-economic
status and unemployment. Thus, these children belonged to low socio-economic status
families which can be described, according to the Government criteria, as families
where unemployment is high or for whom low income is the predominant situation.
Moreover, many of these are single parent families and are very frequently nonfrancophone.
We included in the experimental sample only the children who participated in the
three test sessions (one pre-test and two post-tests after training) and who participated
in all the training sessions (consequently, 98 children were removed from the sample).
In each classroom, children in the two training groups were matched on each of the
following criteria: age, vocabulary level (EVIP; Dunn, Thériault-Whalen, & Dunn, 1993),
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non-verbal performance level (square from WPPSI), metaphonological abilities (a rhyme
identiﬁcation test, an initial phoneme identiﬁcation test and a ﬁnal phoneme
identiﬁcation test), knowledge of the alphabet and pseudo-word decoding (Table 1;
all p . :5). There were 66 children in each training group.
Table 1. Characteristics of children in each group before the interventions
Training

Age: M (s)
Vocabulary (EVIP): M (s)
Kohs block: M (s)
Letter knowledge: M (s)

HVAM

VAM

67.2 (3.0)
57.0 (17.5)
24.9 (5.7)
11.4 (6.6)

65.8 (3.3)
54.1 (13.6)
24.0 (5.2)
10.7 (6.6)

Student t tests were performed in order to compare the scores obtained by children
from low and average socio-economic status families (from the study of Bara et al., 2004).
The results revealed that children from low socio-economic status families showed lower
level of vocabulary [tð190Þ ¼ 5:48, p , :001], letter knowledge [tð190Þ ¼ 3:83,
p , :001] and rhyme identiﬁcation [tð190Þ ¼ 4:8, p , :001]. Thus, these children
could actually be considered at risk of reading failure (Hatcher et al., 2004).
The mean scores (and standard deviations) in pre-test, for children from two
different socio-economic status families, are presented in Table 2.
Table 2. Mean scores (and standard deviation) obtained in vocabulary, Kohs block, letter recognition
and phonological tests, for children from low and average socio-economic status families, before the
interventions (scores coming from Bara et al., 2004)
Social status

Vocabulary
(EVIP)

Kohs
block

Letter
recognition

Rhyme

Initial
phoneme

Final
phoneme

Low (N ¼ 132)
Average (N ¼ 60)

55.7 (15.6)
69.0 (15.8)

24.6 (5.5)
25.2 (4.8)

11.1 (6.6)
14.9 (6.3)

3.9 (1.6)
5.1 (1.2)

3.5 (1.6)
3.1 (1.6)

3.2 (1.7)
3.3 (1.3)

Materials and procedure
For the training sessions, the selection of the phonemes and the order in which they
were studied were based on their frequency of appearance in the French language
(Rondal, 1997). Thus the sessions started with the study of the sounds /a/ and /i/
(amongst the most frequent), continued with sounds /r/ and /l/, and terminated with
the sounds /t/ and /p/ (less frequent). The typography of each letter resembled
lowercase handwriting (Figure 1).

Pre-test and post-test 1 in kindergarten
Each child’s understanding and use of the alphabetic principle and his or her
metaphonological abilities were individually evaluated between 1 and 2 weeks before
and after the interventions which took place between the months of February and May.
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Figure 1. The typography of each letter.

These evaluations were carried out by four experimenters, who remained blind to the
training assignments of each child.
(a) The letter recognition test. The experimenter said the name of a letter and the
child had to indicate on a presentation card (composed of six written letters) the letter
he or she had heard. Each correct response was scored 1. Before the training, all of the
26 letters were tested (score out of 26), whereas in the post-tests only the six letters
involved in each training session were tested (score out of 6).
(b) The children’s metaphonological abilities were measured using three tests. A
rhyme identiﬁcation test, an initial phoneme identiﬁcation test and a ﬁnal phoneme
identiﬁcation test. In these three tests, pictures corresponding to familiar, easily
depicted words were presented and pronounced by the experimenter (in order to avoid
an effect of verbal memory) and children were asked to perform a speciﬁc task.
In phoneme identiﬁcation tests, children were asked to look for the six phonemes,
which had been included in the training sessions. Each test consisted of three training
trials, during which we made sure that the child had correctly understood the task, and
six trials on the basis of which a score out of 6 was obtained. In the rhyme test, the child
saw three pictures and had to indicate those corresponding to the two words ‘that
sound the same at the end’ (e.g. bulle [bubble], pull [jumper], four [furnace]). In the
test requiring the identiﬁcation of phonemes in initial position, four pictures were
presented in each trial. The experimenter chose a ﬁrst picture and said the word. This
ﬁrst word was then used by the child to ﬁnd, among the others three pictures, the one
corresponding to the word ‘that starts with the same sound’ (e.g. bague [ring] was the
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ﬁrst word and the child had to choose between bouée [buoy], chemise [shirt], stylo
[pen]). In the test requiring the identiﬁcation of phonemes in ﬁnal position, we used the
same principle with the difference that the child had to ﬁnd the word ‘that ends with the
same sound’ (e.g. lit [bed] was the ﬁrst word [in French, the last letter /t/ is not
pronounced] and the child had to choose between toupie [spinning top], pomme
[apple], clé [key]). In each test, the order of picture presentation was controlled; in each
trial, we changed the position of the target word with reference to the word that acted
as the starting-point in order to prevent the establishment of retrieval strategies based on
the order of picture presentation.
(c) The pseudo-word decoding test. The experimenter told the child that the words
were made-up and meant nothing in our language. To succeed the child had to associate
the corresponding sounds with the letters. Two of these pseudo-words consisted of two
letters, three out of three letters and one out of four letters (score out of 6). These
pseudo-words consisted only of the alphabet letters studied during the training sessions.
Post-test 2 in ﬁrst grade
The children were retested in November, in ﬁrst grade. They were evaluated by means
of four tests, similar to those used in post-test 1: a pseudo-word decoding test, a letter
recognition test and two metaphonological tests. In the pseudo-word decoding test,
they had to decode 11 pseudo-words made of the 6 letters trained. Six of the pseudowords were the same as those in post-test 1 and ﬁve were added in order to make the
task more difﬁcult. Among the ﬁve new pseudo-words, one consisted of three letters,
one of four letters and three of six letters. In the letter recognition test, the children had
to recognize the six letters trained among all the alphabet letters. The ﬁnal and initial
phoneme identiﬁcation tests were the same as in kindergarten.
Training sessions
Two equivalent groups of 66 children each were formed from eight criteria: age,
vocabulary level (EVIP), non-verbal performance level (Kohs block from the WPPSI),
three metaphonological tests, letter recognition and pseudo-word decoding. A speciﬁc
training was administered to each group of children: ‘HVAM’ (experimental group) or
‘VAM’ (control group). Each program consisted of 12 training sessions, each of which
was conducted in the same way (the same exercises were performed in the same order).
Each training session lasted 25 min approximately. Foorman and Torgesen (2001)
insisted on the fact that instruction for at-risk children must be more intensive than for
other children. These children learn more slowly and will thus require more repetition
in order to solidly establish critical decoding skills. Thus, each sequence of training was
reproduced twice and two sessions were conducted each week. A different sound (and
the corresponding letter) was learned each week during two training sessions.
In consequence, each training program took 7 weeks (12 training sessions and 2
review sessions). By the end of the 12 sessions, children were familiar with the
sounds/letters -a-, -i-, -r-, -l-, -t- and -p-.
The context in which the different groups were asked to work was identical. Each
training session took place in an acoustically insulated room in order to optimize the
children’s attention. The children sat in-groups of ﬁve or six around a table in order to
encourage their interactions. The experimenter involved each of them during the
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different exercises. The interventions were led for about half of the children by their
classroom teacher and for the other half by experimenters. Teachers and experimenters
were equally trained for 2 days to learn to lead the training sessions.
The two types of intervention used the same metaphonological exercises, which
included nursery rhyme, posters and card games (see below). The basic difference
between the two interventions lays in the sensory modes that were mobilized for
exploring letters. Thus, ‘HVAM’ training mobilized haptic, visual and auditory modes,
whereas ‘VAM’ training only mobilized visual and auditory modes.
HVAM training sessions
(a) Letter identiﬁcation exercise. At the start of each session, the experimenter gave a
small, moveable letter (made of foam 5 mm thick) to each child and showed the correct
orientation of the letter. The experimenter asked them to guess its identity. The small
letters -a-, -i- and -r- were 2.5 cm high, while the letters -t-, -l- and -p- were 4.8 cm high.
The children held the letter in their hands during the two following activities (nursery
rhyme and posters) and were free to touch it during this period.
(b) Nursery rhyme. After the ﬁrst identiﬁcation exercise, the experimenter recited a
nursery rhyme. The rhyme contained many examples of the sound on which children
were required to concentrate during the session. Its aim was to sensitize the children to
sound by means of short, playful stories, which children found easy to remember and
fun to repeat. During this rhyme, the children attempted to detect the sound that
corresponded to the target letter. Then, they repeated the rhyme sentence by sentence.
Repeating the rhyme enabled them to say the target sound a large number of times and
to familiarize themselves with it. These two ﬁrst exercises (letter identiﬁcation and
nursery rhyme) encouraged awareness of letter/sound correspondence, because it is
the ﬁrst stage in training where the letter is explicitly linked with a sound in words.
(c) Poster exercises. Children then started working on two posters (40 cm
high £ 60 cm wide). The ﬁrst contained pictures corresponding to words starting
with the learned sound and distractor words. Among the six words presented (three
target words and three distractors), each child had to ﬁnd a word starting with learned
sound and to whisper the answer to the experimenter. Each child’s answer was then
revealed to the group and discussed in order to determine whether or not it was correct.
We then moved on to the poster containing pictures corresponding to words which
ended with the learned sound and repeated the above exercise accordingly.
(d) Visuo-haptic and haptic exercises. Large letters (ﬁxed to a 20 cm £ 25 cm board)
made with foam were then handed out. The letters -a-, -i- and -r- were 5 cm high and the
letters -t-, -l- and -p- were 10 cm high. Children were told to explore the relief letter with
their ﬁngers and run their index ﬁnger along its contours in a ﬁxed exploratory order
corresponding to its writing (Figure 1). The experimenter observed and checked the
way that each child handled the letter. Once this exercise was ﬁnished, haptic
exploration of the letter continued under a cover, which was placed above the board.
The children slid their hands below the cover and were told to think of the letter while
exploring it haptically. The same exercise was then used with the small letters (the same
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as those used in the letter identiﬁcation exercise), which were ﬁxed to a board
10 £ 13 cm. It should be noted that we used two letter sizes in order to facilitate
learning and exploration of letters. Indeed, we know that medium amplitude
movements are easier to control with precision than low amplitude movements. Thus
large letters, which induced medium amplitude movements, helped children to succeed
in this visuo-manual tracking task and gave them the idea of exploring letters. Therefore,
this facilitated exploration of small letters, which induce low amplitude movements.
Once the haptic exploration training was ﬁnished, the child performed a recognition
test using the small ﬁxed letters. He or she had to distinguish between the letter learned
during the session and a ‘distractor letter’ which physically resembled it. Thus, we
associated the training letter (TL) -a- with the distractor letter (DL) -e-, the TL -i- with the
DL -u-, the TL -r- with the DL -n-, the TL -l- with the DL - t-, the TL -t- with the DL -b-, and
the TL -p- with the DL -q-. The two foam letters were arranged under a cover where
children again had to slide their hands in order to handle them. Their task was to explore
both letters and to identify the target letter. If children had correctly identiﬁed the letter,
they were allowed to remove the cover and check for themselves. However, if they
failed to identify the correct letter, the experimenter advised them to take their time and
explore the two letters again.
(e) Card game exercises. The ﬁnal stage of the session took the form of two card
games. Pictures representing target and distractor words were spread out on the table.
In the ﬁrst game, children had to take turns to choose a picture, which corresponded to
a word starting with the target sound. In the second game, the chosen picture had to
represent a word, which ended with the learned sound. This game ended when no
further target pictures remained.
VAM training sessions
(a) Letter identiﬁcation exercise. Visual exploration boards were distributed. Each
letter, printed on a sheet of paper, was glued to a small board. Each letter was the same
size as the foam letters used in letter identiﬁcation exercise in HVAM training. These
boards displayed the handwritten letter to be learned and remained visible throughout
the session. They helped children in the task of observing the letter. First, children tried
to name the letter that was presented to them, after which the experimenter
pronounced the sound corresponding to it.
(b) Nursery rhyme. The nursery rhyme exercise was the same as in the HVAM training
sessions.
(c) Poster exercises.
sessions.

The two poster exercises were the same as in the HVAM training

(d) Visual exercises. The letter was then explored visually. The experimenter asked
children to follow the drawing of the letter with their eyes and drew their attention to its
shape and the lines and curves it contained. This information allowed them to subdivide
the letter into organized elements and track its contour visually in a ﬁxed exploratory
order. When children had explored the letter for long enough, we distributed the sheets
containing a visual recognition test. Children were asked to cross out the target letter
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presented together with a number of distractors. The target letter was the letter studied
during the training session, while the distractors were letters sharing physical
characteristics with it. This test was presented on a sheet of paper (A4 format)
containing 4 lines out of 12 letters each (with a small size). Each line of letters contained
two types of ‘distractor letters’ and a variable number of instances of the target letter in
order to prevent children from using a strategy based on the number of items to be
crossed out. It should be noted that, for this training, we selected two distractor letters
(instead of one in the haptic task) in order to increase the difﬁculty of the exercise (the
use of a single letter makes the visual task too simple). The training letter (TL) -awas associated with the distractor letters (DL) -o- and -e-, the TL -i- with the DL -j- and
-u-, the TL -r- with the DL -n- and -s-, the TL -t- with the DL -b- and -d-, the TL -l- with the DL
-t- and -h-, and the TL -p- with the DL -q- and -g-.
In order to equalize the two interventions length, we proposed an additional card
game. A different card game was used in each session since the games were designed
speciﬁcally for each training letter. Each game consisted of 12 cards amongst which
there were 4 cards corresponding to the training letter, and 4 cards of each of the two
distractor letters which shared physical characteristics with the target letter. The cards
were spread on the table and each child had to take one. The distractor letters used for
each target letter were the same as those used in the crossing-out task. Children had to
judge whether the letter they had taken corresponded to the target letter or to a
distractor by placing it in one out of the two boxes in front of them (one for target
letters and one for distractor letters as speciﬁed by the experimenter or the teacher).
(e) Card game exercises.
training sessions.

The two card game exercises were the same as in the HVAM

Review session
A review session was planned for each group at the end of the six training sessions. First
of all, we summarized the work done during the sessions and reminded children of the
six letters they had studied together with the corresponding sounds. In HVAM training,
children were told to explore each relief letter with their index ﬁnger. In VAM training,
children were asked to explore each letter visually. The purpose of this session was to
reactivate the knowledge acquired by children during the training sessions and then to
get them to work with dominos. Dominos formed part of the metaphonological training.
They consisted of two pictures placed side by side. All these pictures represented words
which started (or ended) with one out of the six sounds learned during the training
sessions. The children’s task was to match the dominos in such a way that the different
pictures, when put together, corresponded to words which started or ﬁnished with the
same sound. We constructed two sets of dominos. The ﬁrst game contained pictures
corresponding to words, which started with the learned sounds; while the second
contained pictures corresponding to words which ﬁnished with these sounds. The
dominos also made it possible to check the children’s knowledge of the different sounds
they had learned.

Results
Five ANOVAs were performed on the scores in letter recognition, rhyme identiﬁcation,
phoneme identiﬁcation tests and pseudo-word decoding. In each analysis, three
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variables were taken into account: training (HVAM or VAM), trainer (teacher or
researcher) and period (pre-test, post-test 1 in kindergarten and post-test 2 in ﬁrst
grade). Because the inclusion of trainer factor in the analyses did not produced
signiﬁcant effects and for the purpose of clarity, we chose not to include this factor in
ﬁgures.

Recognition of the six target letters
The mean number (and standard deviation) of correctly recognized target letters
(maximum 6) before and after each of the two interventions in kindergarten and in ﬁrst
grade are presented in Figure 2.
The main effect of period [Fð2; 256Þ ¼ 172:16, p , :001] and of training type
[Fð1; 128Þ ¼ 5:8, p , :05] were signiﬁcant. These main effects were tempered by a
signiﬁcant training £ period interaction [Fð2; 256Þ ¼ 6:48, p , :01]. The post hoc
Newmans–Keuls comparisons showed that the difference between the two training
types was not signiﬁcant in pre-test, but was signiﬁcant in post-test 1 in kindergarten
children and in post-test 2 in ﬁrst graders. The number of recognized letters was higher
after HVAM training than after VAM training at the end of kindergarten (M ¼ 4:5 vs.
M ¼ 3:5) and in ﬁrst grade (M ¼ 5:6 vs. M ¼ 5:2).
The trainer effect [Fð1; 121Þ ¼ 0:2, p . :25], the trainer £ training interaction
[Fð14; 128Þ ¼ 2:56, p . :25] and the trainer £ period interaction [Fð1; 256Þ ¼ 0:55,
p . :25] were not signiﬁcant.

Metaphonological abilities
The mean scores (and standard deviations) obtained in the three metaphonological tests
before and after each of the two trainings in kindergarten and in ﬁrst grade are presented
in Table 3.

Figure 2. Mean number (and standard deviation) of recognized letters (maximum 6) before and after
each of the two interventions in kindergarten and in ﬁrst grade.
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Table 3. Mean scores (and standard deviations) obtained in the three metaphonological tests before
and after each intervention in kindergarten and in ﬁrst grade
Kindergarten

Rhyme
HVAM
VAM
Initial phoneme
HVAM
VAM
Final phoneme
HVAM
VAM

First grade

Pre-test M (SD)

Post-test 1 M (SD)

Post-test 2 M (SD)

3.9 (1.5)
3.9 (1.7)

4.6 (1.4)
4.7 (1.6)

3.6 (1.6)
3.5 (1.6)

4.6 (1.3)
3.9 (1.7)

4.8 (1.2)
4.7 (1.3)

3.1 (1.6)
3.2 (1.8)

4.5 (1.4)
3.8 (1.5)

4.8 (1.1)
4.5 (1.4)

(a) Rhyme test (score out of 6). The effect of period was signiﬁcant
[Fð1; 128Þ ¼ 27:13, p , :001], the scores in kindergarten were higher after the
training sessions (M ¼ 4:6) than before (M ¼ 3:9). The effect of training type
[Fð1; 128Þ ¼ 0:09, p ¼ :76], the effect of trainer [Fð1; 128Þ ¼ 0:10, p ¼ :75], the
trainer £ period interaction [Fð1; 128Þ ¼ 0:12, p . :25), the training £ period
interaction [Fð1; 128Þ ¼ 0:08, p . :25] and the trainer £ training interaction
[Fð1; 128Þ ¼ 0:56, p . :25] were not signiﬁcant.
(b) Initial phoneme test (score out of 6). The main effect of period was signiﬁcant
[Fð2; 256Þ ¼ 38:7, p , :001]. This main effect was tempered by a signiﬁcant
training £ period interaction [Fð2; 256Þ ¼ 3:27, p , :05]. The improvement of
performances was higher after HVAM training than after VAM training. The post hoc
Newmans–Keuls comparisons showed that the difference between the two
interventions was not signiﬁcant in pre-test and in ﬁrst graders (post-test 2). It was
signiﬁcant in post-test 1, the scores were higher after HVAM training (M ¼ 4:6) than
after VAM training (M ¼ 3:9). The trainer effect [Fð1; 128Þ ¼ 0:005, p . :25], the
training type effect [Fð1; 128Þ ¼ 1:8, p . :25], the trainer £ period interaction
[Fð2; 256Þ ¼ 1:02, p . :25) and the trainer £ training interaction [Fð1; 128Þ ¼ 1:44,
p . :25] were not signiﬁcant.
(c) Final phoneme test (score out of 6). The effect of period was signiﬁcant
[Fð2; 256Þ ¼ 53:3, p , :001]. The Newmans–Keuls comparisons showed that the
performances were higher in post-test 1 (M ¼ 4:1) than in pre-test (M ¼ 3:1) and were
higher in ﬁrst grade (M ¼ 4:6) than at the end of kindergarten. The trainer £ period
interaction was signiﬁcant [Fð2; 256Þ ¼ 3:4, p , :05]. The Newmans–Keuls
comparisons showed that the differences between the groups trained by teachers
(M ¼ 2:81) and the groups trained by experimenters (M ¼ 3:5) were signiﬁcant in pretest. These results were explained by the fact that the sharing out in the groups was not
equivalent concerning this measure. The training effect [Fð1; 128Þ ¼ 3:26, p ¼ :07], the
trainer effect [Fð1; 128Þ ¼ 1:18, p ¼ :17], the trainer £ training interaction
[Fð1; 128Þ ¼ 1:75, p ¼ :18] and the training £ period interaction [Fð2; 256Þ ¼ 2:44,
p ¼ :08] were not signiﬁcant.
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Pseudo-word decoding
The mean number (and standard deviation) of correctly decoded pseudo-words before
and after each training in kindergarten and in ﬁrst grade are presented in Figure 3.
The main effects of period [Fð2; 256Þ ¼ 165:6, p , :001] and training type were
signiﬁcant [Fð1; 128Þ ¼ 4:54, p , :05]. These main effects were tempered by a
signiﬁcant period £ training interaction [Fð2; 256Þ ¼ 15:99, p , :001]. The improvement of performances was more important after HVAM training than after VAM
training. The planned comparisons showed no differences between the two
interventions in pre-test and post-test 1 in kindergarten. The effect of training type
was signiﬁcant only in ﬁrst grade [Fð1; 121Þ ¼ 23:4, p , :001]: the performances on
the six pseudo-words was higher in HVAM training (M ¼ 3:7) than in VAM training
(M ¼ 2:2).
The effect of trainer [Fð1; 128Þ ¼ 0:62, p . :25], the trainer £ training interaction
[Fð1; 128Þ ¼ 0:21, p . :25] and the trainer £ period interaction [Fð2; 256Þ ¼ 0; 29,
p . :25] were not signiﬁcant.
T Tests performed on the score obtained on the ﬁve new pseudo-words showed a
signiﬁcant effect of training type [tð130Þ ¼ 3:5, p , :001]. The performances were
higher after HVAM training (M ¼ 2:8, SD ¼ 1:87) than after VAM training (M ¼ 1:7,
SD ¼ 1:84).
Correlation and regression analyses
In order to have a global understanding of the results and to better understand the link
between verbal abilities, phonological awareness, letter knowledge and decoding skills,
we performed correlation and regression analyses. These analyses were performed on
the 132 children for whom pre-test and ﬁrst grade data were available.
Table 4 shows the correlations between the pre-test scores in Kohs block,
vocabulary, letter recognition, rhymes and phoneme identiﬁcation and the scores in
pseudo-word decoding in ﬁrst grade. All correlations were signiﬁcant.

Figure 3. Mean number (and standard deviation) of correctly decoded pseudo-words before and after
each of the two interventions in kindergarten (pre-test and post-test 1) and in ﬁrst grade (post-test 2).
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Table 4. Correlations between vocabulary, non-verbal IQ (Khos Block), rhyme test, phoneme
identiﬁcation tests and letter recognition (measured in pre-test in kindergarten) and pseudo-word
decoding (measured post-test 2 in ﬁrst grade) (N ¼ 132)

1. Vocabulary
2. Khos block
3. Rhyme
4. Initial phoneme
5. Final phoneme
6. Letter recognition
7. Pseudo-word decoding

1

2

3

4

5

6

7

–

.29**
–

.24**
.31**
–

.33**
.29**
.33**
–

.34**
.42**
.49**
.60**
–

.20*
.31**
.39**
.32**
.51**
–

.28**
.36**
.35**
.47**
.43**
.63**
–

* p , :05; **p , :01.

Regression analyses were performed in order to ﬁnd, among pre-test scores in
kindergarten, the variables that better predict pseudo-word decoding in ﬁrst grade.
The aim of this analysis was to better understand the role of literacy skills on decoding
acquisition.
Table 5 presents regression analyses that were computed with pseudo-word
decoding in ﬁrst grade as the dependant variable and pre-test scores as predictors.
Table 5. Hierarchical regression analyses with pseudo-word decoding in ﬁrst grade at ﬁrst assessment
as the dependant variable and pre-test scores in, Kohs block, vocabulary, letter recognition, rhyme and
phoneme identiﬁcation as predictors (N ¼ 132)
Pseudo-word decoding
Steps 1 to 6

R2

R2 change

1. Kohs block
2. Vocabulary
3. Rhyme
4. Final phoneme identiﬁcation
5. Initial phoneme identiﬁcation
6. Letter recognition
5. Letter recognition
6. Initial phoneme identiﬁcation

.13
.16
.21
.25
.30
.49
.44
.49

.13
.03*
.05*
.04*
.05**
.19**
.19**
.05**

*p , :05; **p , :01.

Taken together, the measurements in pre-test in kindergarten accounted for 49% of
variance in pseudo-word decoding scores. Only letter recognition and initial phoneme
identiﬁcation accounted for a signiﬁcant part of variance. When entered at the last step,
letter recognition accounted for 19% of variance and initial phoneme identiﬁcation
accounted for 5% of variance.

Discussion
The aim of this study was to assess the effects of a multi-sensory intervention on
understanding of the alphabetic principle in kindergarten children from low
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socio-economic status families. Two interventions, which differed in the way of
exploring letters (haptic or visual), were compared. Children were tested three times,
before and after the interventions in kindergarten and at the beginning of ﬁrst grade.
This research focused on a better way of teaching children at risk of reading failure about
alphabetic letters and letter-sound relationships. We assumed that visuo-haptic and
haptic exploration of letters (HVAM intervention) would improve the decoding level
more than exclusively visual exploration (VAM intervention). In order to test this
hypothesis, we compared children’s performance in tests of letter recognition,
phoneme identiﬁcation and pseudo-word decoding.
At the end of kindergarten, we found that performance in letter recognition and
initial phoneme identiﬁcation improved more after HVAM training than after VAM
training. Results in letter recognition were in line with those obtained by Hulme (1979,
1981), who found that haptic exploration resulted in more improvement of
memorization of abstract graphical ﬁgures and alphabet letters than visual exploration
only. Performance obtained on the initial phoneme identiﬁcation test was more
surprising. Indeed performances on this test were better after HVAM training than after
VAM training. Actually, the two interventions proposed the same phonological activities,
thus we expected no differences between the two training groups. However, this
unpredicted result could be explained by the fact that letter knowledge and phonemic
awareness are interactively linked (Burgess & Lonigan, 1998; Morais, Alegria, & Content,
1987). Previous studies show that letter knowledge is associated with some aspects of
phonological awareness (Bowey, 1994; Stahl & Murray, 1994) and growth in these skills
(Burgess & Lonigan, 1998; Wagner, Torgesen, & Rashotte, 1994; Wagner et al., 1997).
Johnston, Anderson, and Holligan (1996) reported that children who knew no letters
never succeeded in phoneme segmentation or deletion tasks. Phonemic awareness is
rarely observed in children prior to them having any alphabetic skills (Stahl & Murray,
1994; Wimmer, Landerl, Linortner, & Hummer, 1991) and children who do not know
alphabet letters cannot learn to which sounds those letters relate (Bond & Dykstra,
1967). Treiman, Tincoff, Rodriguez, Mouzaki, and Francis (1998) found that children
used their letter knowledge in the acquisition of letter sounds. Explicit awareness of a
particular sound seems to be gained only when its connection with a particular letter is
formed. Thus, because haptic exploration improved letter knowledge, phonemic
awareness was more easily acquired.
Linguistic awareness and letter knowledge seem to be strongly interrelated and
linked to reading acquisition (Lonigan et al., 2000; Wagner et al., 1997; Whitehurst &
Lonigan, 1998). Reading consists of translating print units into sound units.
Consequently, this task requires knowing the letters and being able to discriminate
language units. The ability to link orthographic and phonological knowledge can be
assessed speciﬁcally using the pseudo-word decoding task. Pseudo-word decoding is a
phonological recoding task, which requires the ability to blend the individual phonemes
and to combine them. Thus, success in this task lies in knowledge of both sound and
letter. Pseudo-word decoding seems to be a suitable task for children at that age, in the
sense that beginner readers are always confronted with unknown real words, which are
equivalent for them to pseudo-words. Inasmuch as the training develops phonemic
awareness and letter knowledge, it should improve children’s alphabetic skills and thus
their decoding level.
It is only in the ﬁrst grade that pseudo-word decoding scores were signiﬁcantly higher
after HVAM training than after VAM training. This result is quite different from that
obtained in our previous studies conducted with children from average socio-economic
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status families. In this latter group, as soon as the end of kindergarten, pseudo-word
decoding improved more after HVAM training than after VAM training (Bara et al., 2004;
Gentaz et al., 2003). In the present study, the training effect on pseudo-word decoding
appears delayed. It was only at the ﬁrst grade entry, when formal instruction had begun,
that the expected effect on decoding was observed. This difference between our
previous studies and the present one could be explained by the fact that the two kinds of
population, from two different social backgrounds, differed on numerous aspects. If we
compare results obtained in our previous study, with middle class children and those
obtained in the present study, we can see that low-income children have a lower level in
vocabulary, letter knowledge and rhyme identiﬁcation. According to Hatcher et al.’s
(2004) criteria, our selected population could be considered at risk of reading failure.
However, no differences were found concerning the two phonemic awareness tests
(initial and ﬁnal phoneme identiﬁcation). This could be explained by the fact that
activities that develop phonemic awareness are typically presented at school, whereas
rhyme sensitivity can be easily developed by some activities practiced at home. For
example, sharing book reading and learning nursery rhymes is a good way for developing
rhyme sensitivity (Bryant, Bradley, Maclean, & Crossland, 1989; Maclean, Bryant, &
Bradley, 1987) and is a more common activity in average socio-economic status families.
Raz and Bryant (1990) also reported that differences between the two social groups on
phonological scores (phoneme detection) emerge only after children go to school.
Therefore, phonemic awareness is more the product of their experience at school rather
than home practice. It is also noticeable that score differences between the two socioeconomic statuses concerned only the verbal abilities, while there was no difference on
the non-verbal IQ (Kohs block test). In that sense, some studies have shown that a low IQ
level is not related to a low reading level as far as decoding skills are concerned ( Jimenez
& Rodrigo-Lopez, 2000; Siegel, 1988; Siegel, 1989). Therefore, these results suggest that
before reading instruction, low-income children already suffer from gaps on some
language skills that are necessary for reading acquisition. These gaps seem to inﬂuence
the speed of the alphabetic principle understanding. As language skills (letter knowledge
and phonemic awareness) are less developed in low income children at the beginning of
the interventions, the training effect on decoding skills is not immediate and is only
shown when formal schooling has begun.
Haptic exploration ﬁrst improved children’s level in letter knowledge and initial
phoneme identiﬁcation. At the end of kindergarten, children had better performance
after HVAM training than after VAM training in two domains necessary for the alphabetic
principle acquisition (letter knowledge and phonemic awareness). Regression analyses
showed that, among all factors measured before training, only letter recognition and
initial phoneme identiﬁcation were predictors of pseudo-word decoding. These results
are in line with those obtained by Hulme et al. (2002), who showed that initial phoneme
accounted for 10% of the variance in reading, whereas ﬁnal phoneme did not account
for variance. The ability to identify the ﬁrst phoneme was a better predictor of reading
level than the ability to identify onsets, rhymes or ﬁnal phonemes. According to
Treiman, Tincoff, and Richmond-Welty (1996) and Treiman, Weatherston, and Berch
(1994), letter knowledge is the ﬁrst stage of reading acquisition. Letter names help
children to connect print and speech by noticing the links between letters in printed
words and letters names in the corresponding spoken words.
Thus, the alphabetic process is interactively linked to the development of these two
skills (letter knowledge and phonemic awareness) and both are needed to allow
children to understand it. At the end of kindergarten, children trained with HVAM
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training possessed the necessary knowledge on alphabet letters and phonemic
awareness to enable them to better understand the alphabetic principle. However, even
if these skills were developed, their decoding level showed a ‘ﬂoor effect’ in
kindergarten (children were able to decode less than one pseudo-word). We can
consider that these emergent literacy abilities were not yet strong enough to show a
measurable effect on decoding. The connection between letters and sounds was ﬁrst
developed in an implicit way by the multi-sensory training, and then this implicit
knowledge was reactivated and became available when formal reading instruction had
begun.
Another goal of this research was to test teachers’ ability to conduct training. As
indicated previously, no difference between the interventions conducted by
experimenters or those conducted by teachers was found. Teachers were able to
successfully manage this kind of intervention, provided that they were equally trained to
the method as researchers. These results replicate those obtained by Blachman et al.
(1999): when teachers received a suitable training, the effect on the decoding level was
observed. It seems that this kind of training can be offered in the classroom and can be
included in the classic school programs used in kindergarten.
In summary, a preparatory reading intervention, which develops phonemic
awareness, knowledge of letters and of letter-sound correspondences, is suitable and
beneﬁcial for children from low socio-economic status families. This kind of
intervention is more effective when the exploration of letters is made by haptic
modality in addition to visual modality. Haptic exploration increases letter knowledge
and phonemic awareness and then, because it makes the link between letters and
sounds more explicit, it improves decoding skills. Our results suggest that children from
low income families, who are delayed in the acquisition of some necessary language
skills, could beneﬁt from an intervention which offers phonological and letter
knowledge activities. Therefore, it seems that multi-sensory training can be successfully
used for both remediation of reading difﬁculties and prevention of these difﬁculties.
Finally, this kind of multi-sensory training can be conducted effectively by trained
classroom teachers.
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