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Abstract

This work is part of a larger effort about understanding the ef-
fects of didactic materials on acquisition of reading and writ-
ing. In this paper, the focus is on progression in primers (be-
ginner readers). Texts are analyzed in terms of complexity, as
measured by entropy between letters and phonemes, from the
point of view of reading or writing that text. The assumption
is that a good teaching text would start low and increase gradu-
ally in complexity. At the same time, languages have different
requirements on progression depending on their orthographic
depth. The goal of this work is to compare readers in various
languages for the beginning stages of reading skill acquisition.
We show that there is a difference in difficulty across languages
and a large span of approaches in primers of approaching this
final difficulty.

Index Terms: orthography acquisition, text analysis, entropy,
orthographic depth, text difficulty, text progression

1. Introduction

Acquisition of reading and writing are interrelated. Over the
years, a number of studies have looked at the basal abilities
needed to predict these skills in children to obtain early diagnos-
tics. In this area, publications for English language have domi-
nated the research, examplified by [1, 2, 3]. This focus may be
problematic, since English orthography presents an outlier for
readers and writers [4] due to it’s orthographic depth [5, 6] and
the results may not be generalizable to other languages. De-
pending on the language, reading and writing can be more or
less difficult to acquire [7, 8]. Dyslexia, and some reading or
writing difficulties manifest themselves differently depending
on orthgraphic depth [9]. Deeper orthographies take more con-
text at phoneme, syllable and morpheme or even sentence gram-
matical knowledge into account to understand the relationship
between phoneme and grapheme sequences. Some studies re-
garding reading and writing acquisition exist that compare the
process across languages [10, 11, 12, 13, 14, 5]. Few authors
look at spelling acquisition [15] or focus on interaction between
the two skills during acquisition [16, 17].

For German, Fricke [18] looks at basal skills that can pre-
dict both reading and writing. Landerl [19] looks at specific
orthographic pattern acquisition for spelling in German and
Dutch. Roth [20] looks at long-term effects on orthgraphic
skills for German after training basal skills. Suggate [21]
studies long-term effects of intervention on reading. Rober-
Siekmeyer [22] focuses on orthographic acquisition process in
multilingual children. Similar studies are reflected in the liter-
ature for the French language [23] and Italian in comparison to
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English [24].

Part of the problem with having a detailed understanding
of the reading and writing skill acquisition is the inability to
prevent the so-called Matthew effect that separates students at
a very early stage (Kindergarten) into those that excell versus
those that stagnate. Early diagnostics, improved learning mate-
rials and early training in basal skills are repeatedly shown to be
of importance in the above mentioned studies. The effects per-
sist however [25, 26, 27]. Looking at spelling skills by children
in Germany and France, there is reason to believe that there is
some room for improvement in the presentation of didactic ma-
terials in the beginning years [28, 29, 30].

Two important lines of thought in the literature lead us to
examine reading materials for first graders. Firstly, the self-
teaching theory that builds on a strong interaction between read-
ing and writing process based on the textual interactions. The
theory states that through reading, orthographic skills and read-
ing skills are self-taught with practice. Some of the key litera-
ture in this area over the years has been [31, 17, 32, 33, 34, 35].
It is therefore important to study the reading materials that are
supplied to children in the first years of their schooling. In fact,
the study by Ziegler [32] seems to suggest that bad reading ma-
terials (just like learning impediments) will have a long-term
negative impact on skill acquisition in the same way that inher-
ent learning disabilities have. Bad learning material may simu-
late a disability and could lead to negative acquisition effects in
the same way as inherent learning disabilities. Apart from [36]
we are not aware of any other related work that analyzes pro-
gression in reading materials at the early stages of acquisition
in a quantitative manner.

The second very important strand of thought in the liter-
ature relates to the regularity in learning material that are re-
quired to support optimal learning [37, 38, 2, 39]. This includes
training or drill as an important component [40, 41]. A look
at the reading materials for regularity and incremental learning
is therefore an important step towards evaluating the quality of
learning materials.

The rest of the paper is structured as follows. Section 2
introduces the texts that will be studied. Section 3 will ex-
plain the theory and implementation of the automatic tools to
generate the features that we are studying for each of the texts.
Section 4 will discuss the results followed by a conclusion and
future work discussion in 5.

2. Corpora

In order to analyze progression in primary readers in various
languages, we picked a selection for English, French, German



and Italian to have a spectrum from rather flat orthography to
deep orthography, with German being in the middle.

2.1. English

In the US, current teaching of the orthographic system has
moved from first grade into the preschools, even into pre-
kindergarten. It is therefore not feasible to look at first grade
readers. The current state-of-the-art practice is the reading of
easy literature that is chosen by the children themselves from
a larger set of stories that is often supplied as leveled readers
by the publishers, or books that form part of the reading work-
shop [42].

In order to study a text that follows the phonics approach
[43], a book from the turn of the century was chosen for the
analysis. It gives us the opportunity to look at the progression
within a single text.

For the purpose of this paper, the "McGuffey’s First Eclectic
Reader’ [44] was chosen because it was the first widely used
textbook in the US, follows a leveled phonics approach and is
still in use today. In stark contrast to today’s books, this one is
able to describe the methodology in one page.

This First Reader may be used in teaching read-
ing by any of the methods in common use; but it
is especially adapted to the Phonic Method, the
Word Method, or a combination of the two.

I Phonic Method.—First teach the elementary
sounds and their representative, the letters
marked with diacriticals, as they occur in
the lessons; then, the formation of words
by the combination of these sounds. For in-
stance, teach the pupil to identify the char-
acters a, o, n, d, g, r, and th, in Lesson I,
as the representatives of certain elementary
sounds; then teach him to form the words at
the head of the lesson, then other words, as
nag, on, and, etc. Pursue a similar course
in teaching the succeeding lessons. Hav-
ing read a few lessons in this manner, be-
gin to teach the names of the letters and the
spelling of words, and require the groups,
”a man,” ”the man,” ’a pen,” to be read as a
good reader would pronounce single words.
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II When one of the letters in the combinations
ou or ow, is marked in the words at the head
of the reading exercises, the other is silent.
If neither is marked, the two letters repre-
sent a diphthong. All other unmarked vow-
els in the vocabularies, when in combina-
tion, are silent letters. In slate or blackboard
work, the silent letters may be canceled.

III Word Method.—-Teach the pupil to identify
at sight the words placed at the head of the
reading exercises, and to read these exer-
cises without hesitation. Having read a few
lessons, begin to teach the names of the let-
ters and the spelling of words.

IV Word Method and Phonic Method
Combined.—Teach the pupil to identify
words and read sentences, as above.
Having read a few lessons in this manner,
begin to use the Phonic Method, combining

it with the Word Method, by first teaching
the words in each lesson as words; then
the elementary sounds, the names of the
letters, and spelling.

V Teach the pupil to use script letters in writ-
ing, when teaching the names of the letters
and the spelling of words.

The preface of the current version gives the following teaching
instructions that are relevant to the text analysis:

1. Words of only two or three letters are used
in the first lessons. Longer and more dif-
ficult ones are gradually introduced as the
pupil gains aptness in the mastery of words.

2. A proper gradation has been carefully pre-
served. All new words are placed at the
head of each lesson, to be learned before
the lesson is read. Their number in the early
lessons is very small, thus making the first
steps easy. All words in these vocabularies
are used in the text immediately following.

The text is obtained from the online Gutenberg Project as a
txt file and is therefore fully digitized for the automated analy-
sis.

2.2. French

Similar to English, the study of learning materials is of great im-
portance in a deep orthography such as French [30]. In a study
published only as a technical report [45] several readers in the
first grade have been analyzed for their methodology. We chose
a book that follows a syllable based approach most closely re-
lated to the Phonics approach in English in that it prescribes
a leveled approach to reading (and therefore writing). 'Léo et
Léo’ [46] and *Kimamila (1&2)’ [47, 48] where chosen for this
study and digitized.

2.3. German

For German, a selection of readers was taken that represent dif-
ferent methods of teaching. Each of these have been digitized.

Syllabic Method: This methods assumes that reading is
best taught starting with the syllable. Therefore, the book starts
with teaching syllables instead of letters in isolation. Usually,
this method also distinguishes stressed from unstressed sylla-
bles. An example of such a primer is *’ABC der Tiere’ [49].

Analytic-Synthetic Method: This method assumes that
there is more or less a 1-1 correspondence between phoneme
and grapheme with some more nuances that are postponed to
a later stage, without following a phonics approach. Examples
for this approach are ’Jo-Jo’ [50] and ’Kunterbunt’ [51]. The
books are usually complemented with additional materials that
also work on the syllable method and most of them have since
been updated accordingly.

Phonics Method: The phonics approach emphasizes regu-
larity over simplification. There are old primers from the turn
of the century that exemplify this method [52]. The description
of the method spans the first pages of the primer. It is similar to
the "McGuffey’ reader explanation, therefore we choose not to
translate it for this paper. A small excerpt is given in German
below.

“Der Aufbau des Lesestoffes ruht auf der Laut-
lehre (Phonetik). Nur an einigen Stellen



war aus praktischen Griinden eine Abweichung
notwendig .... Die meisten Fibeln bringen schon
auf den allerersten Seiten dreilautige Silben wie
’nun’, ’nein’, ’mein’, ’neun’ und erschweren
damit ohne Grund besonders den weniger Be-
gabten das Erlernen des Lesens ganz bedeutend.
Viel interessanter, iibersichtlicher und leichter
zu lesen und aufzuschreiben sind Worter wie
’Leo’, ’Lisa’ ’Leine’, ’Lina’. Erst miissen wir
eine gewisse Gewandtheit im Zusammenziehen
zweilauter Silben erzielt haben, ehe wir zu den
dreilautigen iibergehen diirfen. Dann machen
diese nur geringe Miihe, zumal sie mit reich-
lichem Lautmaterial und planmifBig eingefiihrt
werden konnen.

2.4. Italian

In Italian, it was difficult to find essays evaluating various read-
ers. The problem of reading and spelling acquisition is much
less prominent in a shallow orthography. The chosen text for
analysis is a first-grade reader A come ... by a well-known
publisher [53]. The first 50 pages were digitized.

2.5. Comparison of Language Corpora

Looking at the Corpora in various languages by inspection, dif-
ferent approaches are clearly apparent in the text. There are four
main approaches; the first two follow the phonics approach of
teaching regularities and word structures along with the intro-
duction of new graphemes:

1. Slow progression with some practice (including
grapheme, syllable and word structure)

2. Slow progression with a lot of practice (including
grapheme, syllable and word structure)

3. Progression based on introduction of new letters

4. No apparent progression at all (Italian text is simply a
reader)

From easiest orthography to most difficult one, we see that
phonics comes into play more so for English and French than
for Italian. Italian book shows no progression other than prac-
tice through texts. There may be books that have a different
approach on the market that we are not aware of. The English
text shows a slow progression with some practice of new con-
cepts within texts before moving on to the next level. There is a
clear difference between the two French texts. While both have
a clear and structured progression, with every page introduc-
ing new items that are then practiced extensively on that page
and used on subsequent pages. 'Léo et Léa’ places much more
emphasis on practice within the book than ’Kimamila’. The
former has a similar concept as the "McGuffey’ reader. Look-
ing at the lexical complexity in Table 1 we can see that the two
readers behave similarly in this respect, a lot of practice for the
introduced words (low LD = types/tokens). The latter is more
closely comparable to ’ABC der Tiere’, a simple syllable ap-
proach to German that emphasizes practice and simplicity at
the beginning. The other chosen German primers relate more
closely to the Italian approach of treating the orthography as
having a simple phoneme-grapheme correspondence. They fo-
cus mainly on introducing new letters without taking context
into account. (Newer versions of these primers incorporate syl-
lable based structure into their progression.) Table 1 does not
show a large difference in lexical diversity at the word level. In

Title Lang. Tokens Types LD SD
ABC der Tiere DE 3164 1059 33 1 .07
JoJo DE 1411 454 32 .20
Tinto DE 1580 719 45 .30
Kunterbunt DE 1347 508 37 .26
Tobi DE 1378 558 40 27
Alte Fibel DE 3641 1466 40 | .09
Kimamila FR 3245 1403 43 .06
Leo et Lea FR 6486 1325 20 .11
Acome IT 2298 798 34 .06
McGuffey EN 7009 737 10 .11

Table 1: Statistics for each of the analyzed primers.
LD=Language Diversity (Types/Tokens). SD=Syllable Diver-
sity, using counts for types and tokens at syllable level.

Lexical Diversity (LD) vs.
Syllable Diversity (SD)
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Figure 1: Statistics for each of the analyzed primers.
LD=Language Diversity (Types/Tokens). SD=Syllable Diver-
sity, using counts for types and tokens at syllable level.

German, practice may be accomplished at the syllable instead
of the word level - more easily than in English. Therefore, the
LD measure is insufficient in measuring this aspect of practice.
Looking at the SD measure (types/tokens of syllable) it can be
seen that there is a striking difference between the old primer
and the new ones in that fewer syllables are being reused to
form more new words when compared to any of the new read-
ers.

3. Automated Data Analysis
3.1. Alignment

The alignment of a grapheme sequence v and a canonic tran-
scription w is derived from their Levenshtein distance, i.e. the
minimum edit costs to transform v into w. The edit opera-
tions are substitution, deletion and insertion. The sequences
v and w don’t stem from a shared vocabulary, as an exam-
ple, substituting grapheme X’ by phoneme /X/ is not a zero-
substitution. Therefore, a naive cost function assigning cost 0
to zero-substitutions and 1 to the other operations cannot be ap-
plied. Instead we make use of the more flexible PermA ap-
proach [54] defining edit costs ¢ in terms of conditional prob-
abilities. The cost of substituting grapheme v; by phoneme
w; (i and j refer to their position in the respective sequence)



is thus given as follows: c(v;,w;) = 1— P(w;|v;). Insertion
and deletion costs are derived by introducing empty graphemes
and phonemes *_’. The grapheme deletion cost is thus de-
fined as ¢(v;,_) = 1 — P(_|v;), and the phoneme insertion cost
as ¢(-,wj) = 1 —P(wj|-). Details on smoothing and permu-
tation techniques to derive the underlying grapheme-phoneme
co-occurrence counts can be found in [54].

In order to gain a better view of the alignment output, there
are examples given for each of the languages processed by the
system. Some limitations to the computation of the entropy are
evident. For example, They;D_ + el will result in the sono-
gram pairs (T,D)(h,_)(e,-)(y,+el). A more didactic alignment
would have been (Th,D)(ey,+el). However, the same method is
used consistently throughout the texts in all languages and the
result is a valid indicator of the entropy. (Future work will in-
clude a post-processing to align phoneme with graphemes, such
as <th> or <ey> rather than letters.)

English:
TheyD_ _ "+el
ar e; +A: _ _
al 1;+0: _ 1
i n;’+I n
t he;D_ "+@
s hade;S +el d
n o w;n '+aU _
French.
1 e;1 @
chat;_ S a._
I 1;i 1
s >af fale;s _a_+. fal _
s ur;syR
1 e;1 @
1 i t;1 1 _
Puis;pHi _
i 151 1
s e;8 @
1 ave;l av _
German
Ha f e r;h "+a:+. f 6 _
He i d e;h +al+. d @
He r de;h '+e:6 _+. d @
Hall e;h "+a 1+ @
De r;d +e:6 _
D om;d ’+o: m
i s t;?7+°+1 s t
h oc h;h +o: _ x
Italian
gl i;_ L ’+i
alluci;’+a _ 11+, u+. tS 1
s 1;s '+i
t occa;t +o _ kk+. a
s ol l et ica;so I1+. > e+. t i+. k a
pizzica;p '+i tts+. i+. k a

3.2. Measure of Difficulty

According to Seymour [5, p. 146], European languages have
different orthographic depth that can be sorted into levels of
difficulty. Using the entropy measure suggested by [55] this
ranking can be quantified.

& la é
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Figure 2: First page in French primer with low entropy.

We estimate the orthographic depth with the following mea-
sures at the phonemic levels. Conditional Entropy, H, can be
seen as a measure of complexity for the process of reading (the
reader transcribes graphemes into phonemes) H(PHO|GRA)
and writing (the reader transcribes phonemes into graphemes
H(GRA|PHO)). PHO stands for the set of phonemes, while
GRA stands for the set of graphemes. For beginner readers,
this set contains the number of graphemes seen so far in their
studies. Therefore, starting with a lower number of graphemes,
that have a clear phoneme-grapheme correspondence would re-
sult in a low entropy measure. Figure 2 shows a set GRA =
{<I>,<a>,<e>,<o0>} and PHO = {/l/./a/./e/,/ol}, the com-
bination of these exhibiting an entropy of 0, given the read-
ing task and the information that the child has learned up to
now. With each additional page in the book, more graphemes
and phonemes and more complex interrelationships between the
two sets are introduced. The entropy measure reflects how much
additional information is needed in order to choose the correct
correspondence or the uncertainty given previous knowledge.
In languages where phoneme, syllable, and morpheme infor-
mation is needed for the transcription process, this measure will
be higher.

Entropy complexity for reading is given by Equation 1:

H(PHO|GRA)=— Y p(x)- Y, pOlx)-logp(ylx) (1)
xEGRA yePHO

Entropy complexity for spelling is given by Equation 2:

H(GRAIPHO)=— Y p(y)- Y p(xly)-logp(xly) (2
yePHO xeGRA
H_read(n) = iH(PHOn|GRAn)and 3)
i=0
H_spell(n) = i H(GRA,|PHO,), 4)
i=0

where PHO, and GRA,, contain all sonographs seen in the
first n words. Figure 7 compares the Entropy measure between
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Figure 3: Comparative final H read and H _write for selected
readers compared to a random newspaper article of around the
same length as the primers

selected primers and randomly chosen newspaper articles rep-
resenting normal language entropy. It can be seen that the lan-
guages have different complexity and that the chosen primers
reach similar levels. The results section will depicts H,,,; and
Hgpepp as a function of n, the number of words seen so far, in
increments of 5.

3.3. Measure of Progression

After quantifying complexity of languages according to their
orthographic depth with the estimate of entropy measure, the
question of progression is to see how the beginning books ramp
up to reach this complexity. We look at three measurements that
can be examined visually for the curves shown in the results
section.

Starting Point: A low start in complexity shows that the
material is simplified for both reading and writing complexity.

Steepness/Slope: Slower rise reflects amount of practice
that a primer provides for a given level of complexity.

Figure 4 and 5 plots Entropy for a non didactic random
newspaper text for each of the languages from both reading and
writing perspective.

4. Results

Reading:

Figure 6 depicts German readers in their progression from
the point of view of reading. *Tinto’ starts high and remains flat.
’Kunterbunt’ starts low and progresses to a high level. ’Jo-Jo’
starts high and remains flat. The old reader is similar without
going quite as high. *Tobi’ and *ABC der Tiere’ start low and
move up slowly. They will be used to compare their slope of
learning to readers in other languages.

Figure 7 shows that *Tobi’ has a much faster progression
than any of the other readers. The Italian reader is an outlier
in that it has no progression but starts at the level of Italian
orthographic complexity and remains level. ’Kimamila’ and
’McGuffey’ choose a rapid ascent, showing little practice at
each level, yet more than the German reader. There are some
steps visible in the progression. In comparison, 'Léo et Léa’
spend a lot more time on the lower level of complexity before
moving up slowly.

Reading - No Progression

1 5 9 131721252933374145495357616569 7377 8185899397

—German (read) —English (read) —French (read) —Italian (read)

Figure 4: Entropy without progression from reading point of
view.
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1,4
" o
T
L N I
VV/\\/‘W
0,8

06 /
0,4 /J
0,2

, |
1 5 9 131721252933 37 4145 49 53 57 61 65 69 73 77 81 85 89 93 97

—German (write) —English (write) French (write) —Italian (write)

Figure 5: Entropy without progression from writing point of
view.

Writing:

German readers differ in their speed and steepness of pro-
gression as shown in Figure 8. The old primer has a clearly
visible staircase that attains the full height of German complex-
ity. ’Tinto’ starts heigh and moves in steps to the full complex-
ity. *’Kunterbunt’ starts low and has the steepest ascent. Tobi’
and ABC der Tiere’ are the reader that have a steady and slow
climb in complexity. They are compared to the readers in other
languages. Figure 9 shows that even though writing has a com-
parative complexity for the elementary texts as French and En-
glish, the progression in the text is much more intense even for
the reader with the slowest progression. It can also be seen that
there are two very different approaches for French. "Léo etl.éa’
spends a lot more time practicing at a simpler level than *Ki-
mamila’ that moves forward in complexity steadily. *"McGuf-
fey’ reader for English chooses a middle path between the two.
’Acome’ is an outlier in that it has no progression but reflects
the very low level of orthographic complexity of Italian.

Figure 10 depicts the scatter plots for both reading and writ-
ing view of slope vs. intercept, showing the readers that fit into
each of the quadrants as marked. Léo et Léa is the only primer
that starts slow and adds practice at each stage for both direc-



Acome Jo-Jo Kunterbunt Alte Fibel

LéoetLéa Tinto Tobi Kimamila McGuffey ABCd.T.

Read slope 0.05 0.08 0.10 0.10
int. 0.80  0.88 0.92 0.75
Write  slope 0.03  0.07 0.04 0.08
int. 044 029 0.54 0.42

0.12 0.14 0.21 0.22 0.23 0.32
-0.23 075 033 -0.26 -0.01 -0.44
0.16 0.10 0.22 0.29 0.18 0.23
-0.38 038 -0.37 -0.78 -0.36 -0.68

Table 2: Intercept and steepness of learning curve as defined by the best fit equation: y = slope * In(x) + int.(= intercept). Low
numbers in both relate to a slow start and a lot of practice at each level of difficulty before moving on. A high intercept with low slope

can mean a steep entry at the full level of complexity.

Reading Progression - German

1 5 913172125293337414549535761656973778185899397
—Alte Fibel —Jo-Jo —Kunterbunt —Tinto —Tobi -—ABC der Tiere

Figure 6: Reading progression for all German readers.

tions (reading and writing). All other readers can be interpreted
with respect to that. Most primers have a steep entry for both
reading and writing. ’Kimamila’ and *ABC der Tiere’ are simi-
lar in that they have a leveled start but lack the practice that the
green quadrant books offer. *Tobi’ has a slightly more difficult
entry and could also benefit from more practice.

5. Discussion

In this paper we have analyzed the beginnings of several read-
ers in their progression with respect to letter and phoneme tran-
scription. These didactic texts were compared across languages
and across first-grade readers that are designed as learning ma-
terials. We have shown that there are different levels of dif-
ficulty in texts for various languages. The assumption is that
didactic primers that are designed to teach reading and writ-
ing should start with a low level of complexity and rise slowly,
with lots of practice. The analysis of the German primers in
comparison to primers in other languages has shown that the
German primers progress at a much more rapid pace to more
complex levels than their counterparts, even taking into account
that German orthography may not have the same final complex-
ity as some of the other languages with deeper orthography. In
addition, German primers offer a lot less reading practice than
any other of their counterparts in other languages. For the Ger-
man readers we also found a measure of distinguishing an older
reader from newer ones by looking at the syllable level repeti-
tion. It was shown that the reader, despite having a steep learn-
ing curve at the Entropy level, has an intensive repetition rate
of syllables with which it forms new words. There are lessons
to be learned from this work, presenting new ideas on how Ger-

Reading - Cross-Language
1,6 ABC der Tiere;

Tobi; 1,46 /_1_49

McGuffey; 1,5

14 Kimarmila; 1,37
1,2
Acome; 1,08
1

T . .
s 08 Léo et Léa; 0,81
L
-]

0,6

43
85
127
169
211
253
295
337
379
421
463
505
547
589
631
673
715
757
799
841
883
925
967
1009

Figure 7: Reading progression for readers across languages,
including the German reader with the lowest slope.

man primers can be adapted to offer more practice at phoneme,
grapheme, syllable and word level to obtain a less steep learning
curve for children in first grade. There is also a lot more work
to be done to analyze primers in more detail and correlate their
effects to the spelling abilities of children over time.
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Figure 8: Writing progression for all German readers.
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Figure 9: Writing progression for readers across languages, in-
cluding the German reader with the lowest slope.
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