
Chapter 16
Effects of the Computer-Based Training
Program Lautarium on Phonological
Awareness and Reading and Spelling
Abilities in German Second-Graders
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and Thomas Lachmann

Abstract Intact phonological processing abilities are of major importance for
successful acquisition of literacy skills. Training studies confirmed that programs
which combine phonological training with systematic instruction on letter-sound-
relationships are effective in fostering reading and spelling skills. Based on this evi-
dence, we developed the computer-based training program Lautarium for German-
speaking primary school children experiencing reading and spelling difficulties.
This chapter provides an overview of the structure and contents of Lautarium,
and summarizes the empirical evidence concerning the effectiveness of Lautarium-
training in children with poor literacy skills. Additionally, we describe a study on
the effects of Lautarium-training in two groups of second-graders with relatively
low class-level reading skills. Group 1 performed Lautarium-training for a period
of 8 weeks at the beginning of second grade, while Group 2 received regular
classroom instruction. A significant training effect was found for spelling, but
not for phonological awareness or reading. Since only a few children finished the
training within the 8-week period, Lautarium was modified in order to allow faster
completion of the exercises. Group 2 trained with the modified version at the end of
second grade. Subsequent tests revealed stronger improvements in reading, spelling,
and phonological awareness in Group 2 when compared to Group 1.
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16.1 Introduction

In today’s society, literacy skills are a precondition for knowledge access and social
participation. Instructing children in reading and spelling is thus a major task in
primary schools. However, according to a recent German study, more than 18%
of the children have severe difficulties in acquiring these essential skills, despite
average intelligence and adequate schooling (Fischbach et al. 2013). It has been
shown that literacy disorders are associated with psychiatric disorders and lower
educational and professional attainment (Carroll, Maughan, Goodman, & Meltzer
2005; Esser, Wyschkon, & Schmidt 2002). In order to circumvent these outcomes,
teachers and educators need effective and feasible methods for prevention and
remediation of reading and spelling disorders.

The effectiveness of treatment approaches for children with reading and spelling
disabilities has been evaluated in several systematic reviews and meta-analyzes
(Ehri, Nunes, Willows, et al. 2001; Galuschka, Ise, Krick, & Schulte-Körne
2014; McArthur et al. 2012). In these studies, phonics-based interventions
consistently proved effective in fostering children’s literacy skills. In a strict
sense, phonics instruction means training of grapheme-phoneme-correspondences
and their application in reading and spelling of syllables and words. However,
most phonics-based programs go beyond “pure” phonics, in that they also include
auditory-phonological training (McArthur et al. 2012). Such combined programs
foster phonological processing abilities that are essential for reading and spelling
acquisition, and explicitly teach the children how to use these phonological skills
when dealing with written language. In this way, phonics-based interventions help
the children to grasp the alphabetic principle, i.e., to understand how letters in
written words map onto phonemes in spoken words (Hatcher, Hulme, & Snowling
2004; Snowling & Hulme 2012).

Based on this evidence, we developed the computer-based training program
Lautarium for German-speaking children with reading and/or spelling difficul-
ties (Klatte, Steinbrink, Bergström, & Lachmann 2017). Computerized training
was chosen because, especially with respect to reading and spelling, computer
programs provide several advantages over conventional teacher-based instruction
(Macaruso, Hook, & McCabe 2006; Torgesen & Barker 1995). First, the combined
presentation of high-quality speech recordings and the respective orthographic units
foster the acquisition of distinct phonological representations and letter-sound-
correspondences. Second, adaptive learning algorithms ensure training schedules
optimized for each individual child. Thus, extremes of either excessive demands
or too few demands are avoided, and the training time is most efficiently used.
Third, children with reading or spelling disorders need much more learning time
and practice in order to acquire basic literacy skills (Torgesen 2002). Such intense
training is difficult to achieve with conventional, teacher-based instruction, but easy
to accomplish with computer-based training, since the latter can be supervised by
parents or other family members, without support of a professional. Finally, working
with computer programs is motivating for children. Computer programs are capable
of providing lively graphics, immediate feedback, and attractive reinforcement.
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16 Lautarium 325

The following section provides an overview of the structure and contents of
Lautarium, and its theoretical base. Subsequently, the available evidence on the
adequacy and efficacy of Lautarium is summarized. Finally, details are provided
for a current study on the effects of Lautarium-training on phonological awareness
and reading and spelling skills in second-graders from German primary schools.

16.2 Training Components in Lautarium

Based on the findings concerning the efficacy of phonics instruction, Lautarium
combines auditory-phonological training with training of grapheme-phoneme-
relationships and reading and spelling of transparent words. In addition, rapid access
from written words to meaning is included by means of word-to-picture matching
with short word presentation times.

16.2.1 Phonological Training

Phonological training in Lautarium comprises phoneme perception and phono-
logical awareness. Phoneme perception is included because several studies found
speech perception deficits in children with reading disorders (Manis et al. 1997;
McBride-Chang 1995), and some authors argue that these deficits are causally
involved in disordered reading acquisition (Hornickel, Skoe, Nicol, Zecker, & Kraus
2009; Noordenbos & Serniclaes 2015; Ziegler, Pech-Georgel, George, & Lorenzi
2009). Poor phoneme perception may result in underspecified or noisy phonological
representations in the mental lexicon. Inaccurate phonological representations,
in turn, affect processing, storage, and access to phonological information, and
hamper the building-up of phoneme-grapheme-correspondences (Elbro & Jensen
2005; Swan & Goswami 1997). Concerning intervention, studies proved that
phoneme perception is ameliorated by training (Bischof et al. 2002; McArthur, Ellis,
Atkinson, & Coltheart 2008; Strehlow et al. 2006), and that phoneme perception
training transfers to phonological awareness (Moore, Rosenberg, & Coleman 2005;
Thomson, Leong, & Goswami 2013). Furthermore, training that combines phoneme
perception with phonological awareness or letter-sound-matching showed transfer
effects to reading (e.g., Ecalle, Magnan, Bouchafa, & Gombert 2009; Gonzalez,
Espinel, & Rosquete 2002).

In Lautarium, phoneme perception training focuses on discrimination and identi-
fication of plosive consonants and vowel lengths. Regarding consonant perception,
discrimination between plosives is especially difficult when they differ only with
respect to voicing (e.g., /b/ vs. /p/) or place of articulation (e.g., /b/ vs. /d/). The
acoustic information relevant for discrimination between these phonemes is located
in a time window of about 50 ms, making fine-grained temporal resolution of the
speech signal necessary (Bishop 1997). In a recent study with German children
(Klatte, Steinbrink, Bergström, & Lachmann 2013), plosive perception proved still
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326 M. Klatte et al.

more difficult when the critical consonants were embedded in consonant clusters,
e.g., /bla:/ vs. /pla:/. The performance drop in trials with clusters was stronger in
children with reading disabilities when compared to normal readers. Based on this
evidence, Lautarium includes discrimination and identification of plosives with and
without consonant clusters.

Vowel length perception is included in Lautarium since, in German language,
vowel length is phonemic and orthographically marked. For example, the spoken
German words kann (/kan/ [can]) and Kahn (/ka:n/ [barge]) differ only in vowel
length. In orthography, vowel length is marked by the letters following the vowel
according to specific rules. Short vowels are usually followed by two consonants,
e.g., Mund [mouth], Wand [wall]. When a short vowel is followed by only one
consonant phoneme, the latter is doubled in spelling, e.g., Ball (/bal/ [ball]), Kamm
(/kam/ [comb]). Long vowels, on the contrary, are either not marked at all, e.g., Hut
(/hu:t/ [hat]), Wal (/va:l/ [whale]), or are followed by a “lengthening h”, e.g., Kahn
(/ka:n/ [barge]), Huhn (/hu:n/ [chicken]). Thus, in order to learn these orthographic
rules, children must be able to identify whether a vowel is long or short. Studies with
German-speaking children revealed impaired vowel length perception in children
with literacy disorders (Landerl 2003; Steinbrink, Klatte, & Lachmann 2014).

Phonological awareness, i.e., the ability to consciously access and manipulate
the sound units of language, has proved fundamental for reading and spelling
acquisition in numerous studies since the 1980s (e.g., Bradley & Bryant 1983;
Wagner & Torgesen 1987). Phonological awareness in kindergarten predicts later
literacy skills (for reviews, see Melby-Lervag, Lyster, & Hulme 2012; Pfost 2015),
and children with literacy disorders exhibit severe difficulties in phonological
awareness tasks when compared to typically developing children matched for
chronological age, or reading age (Melby-Lervag et al. 2012). Furthermore, meta-
analyzes of intervention studies with English- and German-speaking children
confirmed that training phonological awareness in preschoolers fosters reading
and spelling acquisition in the early grades (Ehri, Nunes, Stahl, & Willows 2001;
Fischer & Pfost 2015). However, meta-analyzes also revealed that, in older children
with literacy disorders, isolated trainings of phonological awareness do not show
beneficial effects on reading (Galuschka et al. 2014; Ise, Engel, & Schulte-Körne
2012) or spelling (Ehri, Nunes, Stahl, & Willows 2001; Galuschka et al. 2014; Ise
et al. 2012). As stated in the introduction, for these children, programs that combine
phonological training with training of letter-sound-correspondences and decoding
skills seem more effective. In Lautarium, phonological awareness is trained through
exercises requiring sound-to-word matching, matching of initial or final sounds in
words, and segmentation and blending.

16.2.2 Grapheme-Phoneme Correspondences

In order to master the alphabetic principle, children have to understand the rela-
tionships between phonemes in spoken words and graphemes in written words. To
accomplish this, both phonemically structured representations of spoken words and
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16 Lautarium 327

letter-sound-knowledge is needed. In line with this, longitudinal studies identified
letter knowledge as a further pillar of early literacy acquisition, over and above
phonemic awareness (Fricke, Szczerbinski, Fox-Boyer, & Stackhouse 2016; Hulme,
Bowyer-Crane, Carroll, Duff, & Snowling 2012; Leppänen, Aunola, Niemi, &
Nurmi 2008; Näslund & Schneider 1996), and intervention studies showed that
training programs combining both components are most effective in fostering
reading and spelling skills (Ehri, Nunes, Willows, et al. 2001; Galuschka et al.
2014; Ise et al. 2012; McArthur et al. 2012). Accordingly, in Lautarium, training
of grapheme-phoneme-mappings and phonological training are interlinked. For
example, when the correct phonemes have been selected in phoneme identification
or segmentation tasks, the corresponding graphemes have to be assigned.

16.2.3 Reading and Spelling

In Lautarium, newly acquired phonological skills and letter knowledge are immedi-
ately applied in reading and spelling tasks. Reading tasks comprise matching printed
words to spoken words (and vice versa), and matching pictures to printed words.
The latter task focuses on reading speed, aiming to foster direct access from print to
meaning and thus enlarge the child’s sight word vocabulary. Spelling tasks require
segmentation of target words presented auditorily or pictorially into their constituent
graphemes.

16.3 Materials and Training Procedure in Lautarium

Lautarium uses two types of building blocks representing phonemes and the
corresponding graphemes, respectively. Phonemes are represented by blocks with
pictures of easy-to-name objects. The phoneme represented by a specific block is
the initial sound of the picture’s verbal label (e.g., the picture of a ball represents the
phoneme /b/). Graphemes are represented by blocks with a single letter or a letter
combination that is usually used for a specific phoneme in German orthography
(e.g., the phoneme /aI/ is usually represented by the grapheme ei, Thomé 2000).

The speech material comprises about 1,300 and 1,400 pseudowords (CV, VCV,
CVC, CCV, VCCV), and German nouns, respectively. Each speech item is imple-
mented through high-resolution recordings produced by professional speakers (a
male and a female). For about 40% of the nouns, pictorial presentation is also
available.

Tasks belonging to different training domains are intermixed, and within each
domain, children start with simple tasks and proceed to more difficult ones.
For example, training of consonant perception proceeds from discrimination to
identification, and from speech targets without consonant clusters to targets with
clusters. Due to the combinations of tasks and materials, Lautarium consists of
58 different exercises. Each exercise comprises 10 to 30 trials, depending on task
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328 M. Klatte et al.

complexity. Responses are followed by immediate feedback (correct, incorrect,
time-out). In case of errors or time-outs, the respective trial is repeated until the
correct answer is provided in time. Depending on the percentage of trials correctly
solved in the first attempt, the child either has to repeat the respective exercise, or
proceeds to the following one.

Before starting a new task, children have to work through an interactive instruc-
tion that provides explanation, practice with examples, and informative feedback.
In addition, Lautarium is equipped with a token system fostering concentrated,
intensive training. For correct answers, the children receive virtual money. After
completion of an exercise, the children get access to a virtual “aquarium shop”,
where they can buy fishes, shells, plants, and other objects for stepwise construction
of an animated, individual aquarium.

Lautarium aims to improve reading and spelling by fostering phonological
processing and the acquisition and automatization of phoneme-grapheme corre-
spondences. Prior studies in non-German language areas have shown that daily
practice over several weeks is effective for achieving these aims (e.g., Eden et al.
2004; Hintikka, Aro, & Lyytinen 2005; Moore et al. 2005). Based on this evidence,
Lautarium-training is performed through sessions of 20–30 min, 5 times per week,
for a period of about 8 weeks.

16.4 Lautarium: Empirical Findings

During the development process, the appropriateness and effectiveness of Lau-
tarium was tested in several empirical studies, aiming to uncover potential short-
comings and generate suggestions for improvements (“formative evaluation”, see
Nieven & Folmer 2013). In the first step, the validity of the training tasks
implemented in Lautarium was evaluated. Most of the tasks are adaptations of
tasks that proved successful in international training studies. Thus, the tasks were
originally designed for the phonology of other languages (e.g., English or French),
and had to be adjusted to the specifics of German phonology. In addition, tasks that
were originally used in the context of face-to-face-instruction had to be transformed
into a computer-based training format. In order to test the appropriateness of
these adaptations, primary school children with reading disorders (n = 35) and age-
matched controls (n = 75) completed a total of 17 phoneme perception, phonological
awareness, and phoneme-grapheme mapping tasks designated for implementation in
Lautarium (Klatte et al. 2013). We hypothesized that, if the implemented tasks really
tap into the poor reader’s phonological deficits, significant performance differences
in favor of the normal readers should emerge. The analyzes confirmed that, for each
of the 17 tasks, the poor readers were outperformed by the controls (all ps < 0.05),
with group differences of medium to large effect sizes (d = 0.50 − 1.49). Thus, the
tasks proved appropriate, since they differentiate between children with and without
reading disorders.

Based on this evidence, we conducted two studies evaluating the effectiveness
of the Lautarium-training with primary school children using a pilot version of
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16 Lautarium 329

the training program. In both studies, the children’s phonological processing and
reading and spelling abilities were assessed at three measurement times: Pretest
(before start of training), posttest 1 (immediately after training) and posttest 2 (two
months later). After the pretest, the training group performed Lautarium during
school lessons, 5 times per week, for 20–30 min, over a period of 8 weeks, using
laptops and circumaural headphones provided by the research institute. The control
group continued to receive standard classroom instruction. Potential group differ-
ences in test scores were analyzed at posttest 1 and posttest 2 by means of analyzes
of covariance (ANCOVAs), with the pretest scores from the respective test treated
as covariate (Rausch, Maxwell, & Kelley 2003). In case of significance, effect sizes
corrected for pretest differences were calculated as proposed by Klauer (1989).

Participants in the first study (Klatte et al. 2014) were German third-graders
with developmental dyslexia who attended special dyslexia classes in two primary
schools in Leipzig, Germany. The training and control group consisted of 20 (13
boys, mean age 9;0) and 21 (14 boys, mean age 9;1) children, respectively. During
the training period, the control group continued to receive regular face-to-face
remedial instruction provided in the dyslexia classes.

The test battery comprised phoneme perception (consonant discrimination and
vowel length classification), phonological awareness (deletion and substitution of
sounds in words), reading (reading aloud of words and pseudowords, sentence com-
prehension), and spelling of words and pseudowords. Analyzes of the posttest data
confirmed significant group differences of small to moderate effect size in favor of
the Lautarium-training group. Concerning phonological processing, significant and
enduring training effects were found for one out of two subtests of phoneme percep-
tion, and for one out of two subtests of phonological awareness. Concerning reading,
significant training effects were found for word and pseudoword reading at posttest
2, but not at posttest 1. This finding indicates that Lautarium initiates phonological
development, the positive effects of which, with respect to reading, unfold with time.
Concerning spelling, a stronger decrease in the number of errors reflecting violations
of the alphabetic principle in the training group was found when compared to the
controls. To conclude, these results indicate that Lautarium-training is effective for
German dyslexic children, even though some of the effects were small in magnitude
and, in some subtests, no group differences were found. It must be kept in mind
that, in this study, the control children were not “untreated”, but received intensive
remedial teaching in the context of the dyslexia classes. Thus, the effects evoked by
Lautarium-training exceeded those of school-based remedial instruction.

As stated in the introduction, Lautarium aims to foster letter knowledge and
phonological abilities that proved essential for literacy acquisition. Thus, Lautar-
ium-training should be effective not only in children with manifest reading and
spelling disorders, but also in younger children at risk of such disorders. The
second study (Klatte, Steinbrink, Bergström, & Lachmann 2016) aimed to test this
assumption. The effects of Lautarium-training were assessed in a sample of 102
first-graders from two primary schools in Bavaria. The children from one school
performed Lautarium-training (n = 53, 24 boys, mean age 6;10), the children from
the other school served as controls (n = 49, 31 boys, mean age 6;11).
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330 M. Klatte et al.

The test battery was comprised of phoneme perception (consonant discrimination
and vowel length classification), phonological awareness (rapid classification of
initial sounds in words, comparison of initial and final sounds in words, deletion and
substitution of sounds in words), reading (reading aloud of words and pseudowords,
word-to-picture matching, sentence comprehension), and spelling (cloze test).
Based on pretest performance in the word reading test, each child was classified as
“poor reader” (percentage rank ≤ 22) or “non-poor reader” (percentage rank > 22),
yielding 18 and 17 poor and 35 and 32 non-poor readers in the training and control
groups, respectively. For both the poor and the non-poor readers, analyzes of the
pretest data indicated good comparability between the training and control groups
with respect to reading, spelling, and nonverbal intelligence.

Concerning the poor readers, ANCOVAs of the posttest scores, with pretest
scores as covariate, confirmed significant advantages of the Lautarium-training
group with respect to phoneme perception, phonological awareness, reading, and
spelling. For phoneme perception, significant and enduring effects of strong effect
size were found for consonant discrimination, but not for vowel length classification.
Concerning phonological awareness, significant training effects of medium to strong
effect size were found for two out of three subtests in posttest 1, and for each of
the three subtests in posttest 2. For reading, analyzes confirmed significant training
effects of medium to strong effect size for three out of four subtests in posttest 1,
and for each of the four subtests in posttest 2. Concerning spelling, analyzes proved
significant training effects of strong effect size in both posttests.

For the non-poor readers, analyzes confirmed significant beneficial effects of
Lautarium-training for subtests of phoneme perception, phonological awareness,
and reading. Concerning phoneme perception, significant effects were found for
consonant discrimination in posttests 1 and 2, and for vowel length classification
in posttest 1. Concerning phonological awareness, analyzes revealed significant
and enduring effects in one of the three subtests. For reading, beneficial effects of
medium to strong effect size were found for three measures in posttest 1, and for
one measure at posttest 2.

To summarize, in this study, Lautarium-training remarkably improved phonolog-
ical processing and reading and spelling in struggling beginning readers. In addition,
Lautarium proved beneficial also for non-poor beginning readers. In both reading
level groups, children who performed Lautarium-training either outperformed the
controls, or performed on a par with the controls. None of the analyzes revealed an
advantage of the control group receiving regular classroom instruction.

Based on the individual training data obtained in these studies, Lautarium
was optimized through modification of existing tasks, and addition of new tasks.
Specifically, tasks that proved too easy or too demanding were modified or
discarded, and new tasks focusing on reading and spelling of transparent words
were implemented. In addition, aiming to foster rapid access from print to meaning,
a word-to-picture matching task was included, in which the presentation times of
the target words are more and more reduced according to an adaptive learning
algorithm (Kaernbach 1991). In this task, both transparent and non-transparent
words were used as target items.
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16 Lautarium 331

The effectiveness of the resulting program was assessed in a further study, which
is reported in the following section.

16.5 Effects of Lautarium-Training on Phonological
Awareness and Reading and Spelling Skills in
Second-Graders from German Primary Schools

16.5.1 Design and Participants

This study used a waiting group design in order to analyze the effects of Lautarium-
training on children’s phonological awareness and literacy skills. Participants
included 122 children from two primary schools located in socially disadvantaged
catchment areas in a major city of Rhineland-Palatine, Germany. Due to long-
standing illness, change of school, or repetition of a school year, 23 children were
unavailable at one or more measurement times. Thus, analyzes are based on a
sample of 99 children. According to parents’ reports, 20 children had a non-German
first language or grew up bilingually with German and a further language. As these
children did not differ from the others with respect to pretest performance in reading
and spelling, first language was not included as variable in the analyzes.

The children from one school served as training group (n = 53; 24 boys, mean age
7;5). The children from the other school acted as waiting control group (n = 46, 21
boys, mean age 7;4). Lautarium-training was performed during the first and last two
months of second grade in the training and waiting control group, respectively. As
in prior studies, the training took place during school lessons, 5 times per week, for
20–30 min, over a period of about 8 weeks. While one group performed the training,
the other group continued to receive regular classroom instruction.

Children’s phonological awareness and reading and spelling abilities were
assessed in groups of whole classes at three measurement times: end of first grade
(pretest), middle of second grade (posttest 1), and end of second grade (posttest 2).
Thus, at posttest 1, the children from the waiting group served as untreated controls,
as Lautarium-training was finished in the training group, whereas the waiting group
had not yet started. At posttest 2, both groups had received the training.

16.5.2 Tests

Reading was assessed by means of two subtests from a standardized German reading
test (Lenhard & Schneider 2006), measuring reading speed and comprehension on
the level of single words and sentences, respectively. For word reading, the children
had to select, out of four alternatives, the word that matched a target picture. For
sentence reading, the children had to select, out of five alternatives, the word that
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332 M. Klatte et al.

fit into the target sentence. For both subtests, children had to complete as many
items as possible within 3 min. For spelling, a standardized German spelling test
was used, in which the children had to write down words and sentences according to
dictation (May 2012). Three raw scores were derived from this test, one representing
the number of correct graphemes, and the other two representing success in
application of letter-sound mappings (“alphabetic strategy”) and orthographic rules
(“orthographic strategy”), respectively. Since different versions of the test had to
be applied over the time course of the study, percent correct scores were calculated
from each measure and used as dependent variables in the analyzes.

As no standardized group tests measuring phonological awareness are available
for German-speaking children above grade 1, a new test was constructed for
use in this study (Klatte, Bergström, Konerding, & Lachmann manuscript in
preparation). This test consisted of three subtests requiring identification, deletion,
and substitution of sounds in words presented pictorially. For each subtest, time
limit was 3 min. Concerning identification, the children had to decide whether or
not a specific speech sound was present in a number of target words. In case of
“yes”-answers, the children also had to indicate the position of the sound in the
word (beginning, middle, end). For sound deletion and substitution, the children had
to indicate, for each target word, which word emerged when the second phoneme is
eliminated or substituted, respectively.

16.5.3 Statistical Analyzes

Potential group differences in learning gains between pretest and posttest 1 were
analyzed by means of ANCOVAs, with the pretest scores from the respective test
treated as covariate. In the case of unequal regression slopes, t-tests on gain scores
were performed instead of ANCOVAs. In addition, in order to evaluate the effects of
Lautarium-training in the waiting group, we tested for group differences in learning
gains between posttest 1 and posttest 2. For this purpose, the differences between
test scores in posttest 2 and posttest 1 were calculated for each individual child, and
compared between groups with the pretest score of the respective test included as
covariate (Rausch et al. 2003).

16.5.4 Results and Discussion

Analyzes of the pretest reading and spelling scores showed that, on average,
performance in this sample was comparably low. Mean scores were 0.5 and 0.3
standard deviations (SDs) below the norm (mean of the reference sample) for
reading and spelling, respectively. Further analyzes confirmed that 40 and 30% of
the children performed one or more SDs below the norm in the reading and spelling
tests, respectively. We attributed these results to the social characteristics of the
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schools’ catchment areas (concerning the association between socioeconomic status
and early literacy skills, see Aikens & Barbarin 2008; Bos 2007). Reading, spelling,
and phonological awareness scores at pretest did not differ significantly between
treatment groups.

At posttest 1, analyzes of the spelling measures revealed a significant effect
of moderate effect size in favor of the training group with respect to application
of letter-sound-mappings (“alphabetic strategy”), t(95) = 3.23, p < 0.01, d = 0.66.
Concerning percentage of correct graphemes, the advantage of the training group
was marginally significant, F (1, 94) = 3.73, p = 0.06, dkorr = 0.43. No effect was
found for application of orthographic rules, F (1, 94) < 1. With respect to reading
and phonological awareness, none of the analyzes yielded a significant difference
between groups (all ps > 0.24).

The unexpected lack of training effects on reading and phonological awareness
at posttest 1 was attributed to insufficient use of the training time. Observations
of researchers who occasionally monitored the training sessions indicated that
the children spent much time selecting objects for their aquarium and interacting
with peers sitting next to them. Analyzes of the individual training data confirmed
that the majority of the children did not finish the Lautarium-training within the
predetermined 8-week period. In fact, 24 children completed only half or less than
half of the exercises. Error rates often just exceeded the criterion, resulting in time-
consuming – and sometimes frustrating – repetitions of the exercises. Based on these
findings, Lautarium was again modified. For example, the criterion for passing an
exercise was released from 80 to 75% of correct trials, the maximum number of
repetitions per exercise was reduced to 5, and access to the aquarium was only
allowed when all trials of the current exercise were solved.

Prior to posttest 2, the waiting group performed Lautarium-training with the
modified version. From the 45 children of the waiting group, 22 completed the
training within the predetermined 8-week period. Only one child completed less
than half of the program. Observations during the training sessions confirmed that
the children were more attentive and concentrated when compared to the children
from the training group.

Analyzes of the children’s learning gains between posttest 1 and posttest
2 confirmed significant effects in favor of the waiting group with respect to
phonological awareness, reading, and spelling (see Fig. 16.1). For phonological
awareness, significant effects of strong and medium effect size were found for
sound identification, F (1, 96) = 17.24, p < 0.001, d = 0.82, and sound deletion,
F (1, 94) = 5.3, p < 0.05, d = 0.48. For reading comprehension, a significant effect
of strong effect size was found for words, F (1, 96) = 16.96, p < 0.001, d = 0.77,
but not for sentences, F (1, 96) = 1.29, p = 0.26. For spelling, analyzes revealed
significant advantages of the waiting group for percentage of correct graphemes,
F (1, 94) = 6.48, p < 0.05, d = 0.47, and for application of letter-sound mappings
(“alphabetic strategy”), t(95) = 3.97, p < 0.001, d = 0.81. No effect was found for
application of orthographic rules, F (1, 94) < 1.

Thus, the beneficial effects of Lautarium-training were more pronounced in the
waiting group when compared to the training group. This is presumably due to the
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Fig. 16.1 Average performance scores in the training and control groups at pretest, posttest 1,
and posttest 2. (a) Phonological awareness: Phoneme identification, (b) Phonological awareness:
Phoneme deletion, (c) Reading: Word-to-picture matching, (d) Spelling: % graphemes correctly
spelled. Error bars represent standard errors of the mean. Note: Training took place between pretest
and posttest 1 in the training group and between posttest 1 and 2 in the waiting group

modifications implemented in the program between the training periods. However,
since the children from the waiting group were at the end of year 2 at the time of
training, developmental progress in attention control and self-regulation may also
have contributed to the comparably higher training efficacy in this group.

To summarize, this study provided further evidence for the efficacy of Lautarium-
training in fostering phonological processing and literacy skills in German-speaking
primary school children. In addition, the study showed that, when Lautarium is
performed in groups of whole classes, teachers and educators should take care to
ensure efficient use of the training time. In addition to usage of circumaural, noise-
reducing headphones, the distance between work places should be maximized in

Reading and Dyslexia : From Basic Functions to Higher Order Cognition, edited by Thomas Lachmann, and Tina Weis, Springer,
         2018. ProQuest Ebook Central, http://ebookcentral.proquest.com/lib/tu-kaiserslautern/detail.action?docID=5481473.
Created from tu-kaiserslautern on 2018-11-18 09:05:08.

C
op

yr
ig

ht
 ©

 2
01

8.
 S

pr
in

ge
r. 

A
ll 

rig
ht

s 
re

se
rv

ed
.



16 Lautarium 335

order to avoid distraction due to peers. With these considerations, it is expected that
most children would be able to complete the training within the designated 8-weeks
period.

16.6 Summary and Conclusions

Based on the available evidence concerning the effectiveness of treatment
approaches for children with reading and spelling disorders, we developed the
computer-based training program Lautarium for primary school children instructed
in German language. In Lautarium, auditory-phonological training is interlinked
with training of letter-sound-correspondences and word-level reading and spelling.
Exercises are selected according to the individual performance level, and interactive
instructions and immediate feedback enable the children to work through the
program largely without adult help. Training studies confirmed beneficial effects of
Lautarium-training on phonological processing and reading and spelling abilities
in samples of struggling beginning readers, second-graders with relative low class-
level literacy skills, and third-graders with developmental dyslexia. These studies
provide further evidence for the efficacy of computer-based instruction in fostering
literacy skills in primary school children (Macaruso et al. 2006).

However, these studies also bear some limitations. First, due to the complexity of
the program, it is not clear whether the learning gains in reading and spelling result
from a specific training component (e.g., letter-sound-mappings), a combination
of specific components (e.g., phonological awareness and letter-sound-mappings),
or the integration of all components in the entire program. Second, training was
performed during school lessons in groups of whole classes. Thus, the results
confirm the efficacy of Lautarium-training as a supplement to regular classroom
instruction. Further studies are needed in order to assess the effectiveness of
Lautarium-training in other settings, e.g., the home environment. Third, even though
the studies confirmed that, overall, children receiving Lautarium-training showed
advantages in literacy skills relative to controls, there were considerable differences
in learning gains between children. Each of the samples included some non-
responders to Lautarium-training, i.e., children whose spelling scores (raw scores)
even declined over the training period (first-graders: 1/53 children, second-graders:
13/99 children; third-graders with dyslexia: 3/20 children). Future research should
address predictors of children’s responsiveness in order to ensure effective training
for each individual child.
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