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Abstract

Because of its regularity, it is relatively easy to learn to read and spell in Finnish.
However, a specific hurdle in spelling acquisition seems to be the doubling of con-
sonant letters. In this study on consonant letter doubling spelling in Finnish children
(91 Grade 1 and 191 Grade 2 children), we asked two questions. First, are items with
double consonant letters (e.g., “kissa” ['kis:a] ‘cat’) indeed harder to spell than sin-
gle consonant items (e.g., “kisa” ['kisa] ‘contest’)? Second, is consonant doubling
harder for stop consonants (e.g., “takki” ['tak:i] ‘coat’) than for continuant conso-
nants (e.g., “kissa” ['kis:a] ‘cat’)? We found that Finnish children made more errors
on items with double consonant letters than on items with single consonant letters
and that this effect was larger for stop than for continuant consonant letters. Explora-
tory analyses showed that these effects were stronger for younger and poorer spell-
ers. Post hoc analyses of the errors made on double consonant items showed that
the children predominantly made nonlexical errors (>90%). When they did make
a lexical error, these errors typically did not map on the type of errors that would
be expected from a corpus analysis of the higher-frequency orthographic neighbors.
Overall, lexical influences on spelling of Finnish children seem to be minimal and
unpredictable. We discuss two potential reasons why it is more difficult to spell
items with double consonant letters than with single consonant letters and suggest
how these could be investigated in future research.

Keywords Spelling - Finnish - Spelling development - Consonants - Consonant
doubling

Introduction

Results of several cross-linguistic studies have demonstrated the universal underly-

ing processes involved in learning to read and spell in different languages (e.g., Car-
avolas et al., 2012) and in brain circuitry responsible for reading (Rueckl et al.,
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2015). However, recent studies (Georgiou et al., 2020; Zeguers et al., 2018) also
show that each language poses specific challenges to its readers and spellers, which
makes it challenging to directly compare languages in a cross-linguistic study. Here
we propose another approach. Instead of directly comparing languages, we pinpoint
a language in which enough instances of a specific phenomenon occur to systemati-
cally study the target process. For example, compared to other alphabetic languages,
English has a high number of irregular words. As a result, English is an excellent
language in which to systematically investigate the regularity effect on learning to
read. In contrast, trying to run a systematic study about regularity effects in Italian
would be much harder as there are many fewer words with irregular grapheme-pho-
neme correspondence rules available. As another example, if one wants to investi-
gate the effect of letter position, the language of choice would be Hebrew, which has
a high number of anagram words, like “D'a%7>” (‘dogs’) and “D*723” (‘cables’).
Therefore, Hebrew offers an excellent natural context to study letter-position pro-
cessing in learning to read (Friedmann et al., 2007). Other examples are the influ-
ence of vowel letters on the pronunciation of consonant letters in Russian (Schmalz
et al., 2017) and complexity vs. irregularity effects in French and English (Schmalz
et al., 2016). By strategically conducting experimental studies in different languages,
capitalizing on their specific features and challenges, we can systematically isolate
and better understand the different processes which the reading and spelling system
in the brain is capable of or how it has adapted itself to the linguistic structures of
different languages.

In the current study we use Finnish as our target language to better understand
how even very regular mapping of sounds to letters can still lead to specific chal-
lenges in spelling. Finnish is one of the most transparent alphabetic orthographies
in the world (Seymour et al., 2003). Each letter corresponds to a single phoneme,
with only minor exceptions (for a detailed decription, see Aro, 2017). As a result, it
is relatively easy to learn to read in Finnish, despite its complex morphological sys-
tem resulting from its agglutinative nature and rich derivational system (Aro, 2017).
Letters are introduced in preschool year and formal reading education starts at first
grade in the year children turn seven. Most Finnish children can read any word after
a few months of reading instruction. From Grade 3 onwards, Finnish children are
expected to use reading and spelling for independent learning and learning to spell
is also relatively easy (Aro, 2017). The only, and very specific, spelling challenge
seems to lie in the doubling of consonant letters (e.g., “takki” ['tak:i] ‘coat’), result-
ing in the most common error (i.e., failing to double the consonant letters) in early
spelling (Lyytinen et al., 1995). A similar challenge seems to be present in Germanic
languages, like German, English, and Dutch. Grade 2, 3 and 4 children typically
make more errors in spelling words with double consonant letters (e.g., “bommen”
['bo.men], which is Dutch for ‘bombs’) compared to words with single consonant
letters (e.g., “bomen” ['bo:.man], which is Dutch for ‘trees’) (Landerl et al., 2005;
Snikkers-Mommer, 2009).

However, looking in detail at the Finnish spelling system, it is quite interesting
that consonant-letter doubling poses a challenge the way it does in Germanic lan-
guages. In Germanic languages, the doubling of consonant letters signals a differ-
ent pronunciation of the preceding vowel (e.g., “hoping” vs. “hopping” in English
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or “bomen” ['bo:.mon] ‘trees’ vs. “bommen” ['bo.men] ‘bombs’ in Dutch). Or, in
other words, consonants are doubled when they are the only letter following a short,
stressed vowel in an open syllable. In the Finnish orthography, however, there is
never such a conflict between open or closed syllable pronunciation rules (open syl-
lable long, closed syllable short) and the standard phoneme-grapheme correspond-
ence rule (Ziegler et al., 2000). On the contrary, in Finnish words short vowels are
always represented by a single vowel letter (e.g., “tuli” ['tuli] ‘fire’), whereas long
vowels are represented by a double vowel letter (e.g., “tuuli” ['tu:li] ‘wind’). Simi-
larly, short consonants are represented by one consonant letter and long consonants
by double consonant letters'. This can be done in two different ways. One possibil-
ity is by literally lengthening the pronunciation of the consonant. This which works
well for letters with a steady state like “r”, “m” and “n” (e.g., “mummo” ['mum:o]
‘grandma’). However, due to their nature, stop consonants (e.g., “k”, “p” and “t”)
cannot be lengthened in this way in speech. Instead, for double consonant letter
words like “takki” ['tak:i] ‘coat’, Finnish speakers lengthen the stop position (i.e.,
there is a longer pause) before the explosion of the consonant sound. Suprasegmen-
tal features also play a role: the preceding short or long vowel is pronounced for a
shorter duration in the case of long consonant sound, and these relative length differ-
ences guide categorical perception (Aro, 2017).

As Finnish spellers do not have to deal with additional open and closed syllable
rules like their peers learning to spell in Germanic languages, the Finnish language
gives a unique opportunity to examine why consonant letter doubling might remain
challenging, even without this confound. However, an important first step is to con-
firm that consonant letter doubling is indeed challenging for Finnish children, and
if so, to what degree. The reports in the literature so far are based on reports from
practitioners (Aro, 2017). As far as we are aware, there has been only one study
that systematically examined spelling of double consonant letter words in Finnish
children from Grades 1, 2 and 3. However, this study by Lehtonen et al. (2004) did
not directly compare double consonant to single consonant words. Instead, they
compared double to mixed consonants in pseudowords (e.g., “maariSSaksi” vs.
“luutaSToksi”) and their main aim was to investigate if phoneme length awareness
predicted spelling performance in Finnish, which it did. This means, however, that
there is still no systematic evidence that the spelling of words with double consonant
letters in Finnish is indeed harder than the spelling of words with single consonants.
Therefore, the first aim of this study is to run the first systematic study to examine
this question.

! Strictly taken, the principle of consistently marking the long phonemic quantity of a consonant by dou-
bling the corresponding consonant letter (except for marking the long -sound with bigraph “ng”) is fully
consistent only at the level of morphemes. In some word boundaries and multimorphemic items long
consonant quantity can be pronounced, although it is not marked in spelling (due to boundary gemina-
tion: e.g., “tule tdnne” [tule t:én:e] ‘come here’). However, such items were not used in our study.
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The second aim is to examine if consonant letter doubling is harder for stop con-
sonants (e.g., “takki” ['tak:i] ‘coat’) than for continuant consonants’ (that is, con-
sonant phonemes that can be temporally extended, like “kissa” ['kis:a] ‘cat’). Aro
(2017) suggests that in the case of stop consonants, the length might be especially
difficult to discriminate for beginning spellers, since the long sound is reflected by a
longer acoustic silence before the phoneme, before the plosion, instead of a longer
duration of the phonemic sound of the consonant (which is impossible for stop con-
sonants). This study will also be the first to systematically investigate this hypoth-
esis. For both our aims we have preregistered our hypotheses and predictions on the
open science framework (https://osf.io/3rgbk/registrations). In short, we predicted
that words with double consonant letters (e.g., “kissa” ['kis:a] ‘cat’) will be harder
to spell than words with single consonant letters (e.g., “kisa” ['kisa] ‘contest’) and
that this effect is stronger for words with stop consonant letters (e.g., “takki” ['tak:i]
‘coat’) than for words with continuant consonant letters (e.g., “kissa” ['kis:a] ‘cat’).
We will also conduct exploratory analyses into the effect of spelling ability (as
judged by the teachers) and examine the different error types that the children make.

Method
Participants

Participants were 91 Grade 1 (4 different classrooms) and 191 Grade 2 (9 differ-
ent classrooms) children from three different primary schools from the same area
in central Finland. In Finland, children start formal schooling early August in the
year they turn seven. Reading instruction in Finnish commences in Grade 1. When
the data for this study was collected, the children had not yet received any foreign
language instruction. We did not register their ages, but since the data were col-
lected in April typically the ages vary between 7 years and 4 months and 9 years
and 4 months. Teachers were contacted after school directors confirmed their will-
ingness to participate in the study. Parental consent was passive, that is, the teach-
ers informed the parents about the study and asked them to let them know if their
child was not allowed to participate. One of the parents opted out. Although data
were collected in one specific area in Finland, we argue that the population is repre-
sentative for Finnish children in Grades 1 and 2 as both literacy performance (Ustun
et al., 2018; Torppa et al., 2016) and teaching instruction (synthetic phonics) are
very homogeneous in Finland.

Each classroom received a gift card worth 50 euros as an appreciation for their
participation. In addition, the teachers received feedback about the spelling scores of

2 Strictly taken, in articulatory terms, {1, m, s} have nothing in common aside from being consonants
and in previous studies, ‘continuant’ typically refers to a continuous oral airstream and therefore does not
include /m/. However, after considering other terms (‘lingering’, ‘non-stop’, ‘non-plosive’), we decided
to stick to continuant, as in that a continuous sound can be produced.
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the children in their classroom, the average number of errors in the full sample, and
the typical errors made for different types of items.

Materials

Test items were 48 pseudowords, 12 items per condition. We used pseudowords to
avoid word frequency effects. The four conditions were: single stop consonant (e.g.,
“veko” ['veko]), single continuant consonant (e.g., “veso” ['veso]), double stop conso-
nant (e.g., “vekko” ['vek:o0]) and double continuant consonant (e.g., “vesso” ['vek:o]).
The items in the four conditions had the same phonemic structure, they only varied
in terms of mid-word consonant letters. Moreover, for the same consonant type, we
selected consonant pair items (e.g., “veso” ['veso] and “vesso” ['ves:o]). For stop con-
sonants we used “t”, “p” and “k”, for continuant consonants we used “m”, “s” and “I”.
The full item list can be found in the Appendix.

The 48 pseudowords were randomly divided between two lists for each classroom
except for one rule: we always made sure that single and double consonant members
of each pair (e.g., “veso” ['veso] and “vesso” ['ves:o]) were not in the same list. To
ascertain that the auditory presentation of the pseudowords was the same for all chil-
dren we used a recording of the pronunciations. For this recording we used the spoken
pronunciations of one of the research assistants, who was in the fourth year of a teacher
education program.

Procedure

The study was conducted in April 2018 and took place in the classrooms of the children
during regular school hours. The recorded pronunciations of the items were presented
to the entire class at once, except for one class, which was split in two. The number of
children in a classroom ranged between 12 and 20.

There were two test sessions, which were typically one week apart (range:
2-19 days). In session one we presented the first 24 items in random order. In session
two we presented the other 24 items. So, all children spelled all items. Within each
session, there was a short break after the first 12 items. During this break the students
walked to their teacher’s desk to return the paper and to take the new paper for the last
12 items.

Assessments were always conducted by two research assistants who were trained
by the second author. One assistant focused on the administration of the test materials
whereas the other assistant focused on the children (e.g., checking if there was enough
time for them to write down each item).

The procedure and instructions for the children in the classroom were as follows.
First, the research assistants introduced themselves and the study to the children. Next,
they gave the following instructions: “Let’s do a dictation exercise. The words you hear
are nonsense words that do not mean anything. You hear each word on the tape two
times. Please write the words in lines in numerical order. If you miss a word, don’t
worry, just try the next one. Please try to do your best and focus on your own work.
Do you have any questions?” After questions were clarified, the pronunciations of the
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pseudowords were presented to the children via Logitech S150 speakers, attached to a
Dell E7250 laptop. During the session children were asked to raise their hands if they
could not hear an item well. In addition, there was always a research assistant in the
back of the classroom to check if the sound was loud and clear enough. None of the
children reported difficulties hearing the items.

Scoring and classification of the responses

The spellings of the children were scored and classified by the second author and
two research assistants. For the main preregistered analyses the responses were
scored as either fully accurate, incorrect, or missing. We did not distinguish between
number and types of error per item. An item was scored ‘incorrect’ from one error
onwards. In other words, ‘incorrect’ ranged from the omission of one letter, two
wrongly substituted letters or any mix of other types of spelling errors. Based on
the number of incorrectly spelled items, we calculated total accuracy percentage per
condition. For the target consonant accuracy analyses, it did not matter if there were
errors elsewhere in the word; the responses were scored as correct if the marking of
the target consonant(s) was/were correct. Based on this score, we calculated the tar-
get consonant accuracy per condition.

For the exploratory analyses, we also counted the number of items with other (not
target consonant) errors and calculated the percentage of items with other errors per
condition. Finally, we classified the error types for the double consonant condition
only. Details of this classification are presented in the final section of the exploratory
analyses.

Results

The preregistration, raw and processed data and the results of additional analyses
can be found on the open science framework (https://osf.io/3rgbk/registrations,
https://osf.io/3rgbk/).

Missing data

There were two types of missing data. First, 21 children attended only one of the two
sessions (3.7% of the data). For these children we calculated, per child, total accu-
racy percentage, target consonant accuracy percentage, and other error accuracy per-
centage based on 6 instead of 12 items per condition. Note that this is different from
what we said in our preregistration (which states that we would remove the data
for these participants). However, since there is no reason to assume that one of the
lists contained more difficult items than the other, we decided to keep all the data.
Importantly, this decision was made before we ran the analyses. Second, altogether
for only 26 items, children did not write down any spelling at all (0.20% of the data).
We treated these missing values as errors.
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Table 1 Overall accuracy

Number of T M SD N
percentage for each of the four urr\l et (;‘ ype ean
conditions consonants
1 Continuant 84.19 14.06 282
1 Stop 84.04 13.56 282
2 Continuant 77.04 21.73 282
2 Stop 78.16 25.98 282
Analyses

We will first present the results for the preregistered research questions and their
corresponding planned analyses. After that we describe the results of the explora-
tory analyses, that is, analyses for which we did not have specific predictions up
front. All analyses were conducted in JASP (JASP Team, 2018).

Planned analyses

We conducted a 2Xx2 Repeated Measures ANOVA with two within-subjects vari-
ables. The within-subjects variables were number of consonants (1 or 2) and type of
consonant (continuant or stop). We analyzed two outcome measures: total accuracy
percentage and accuracy of the target consonant(s).

Total accuracy percentage

As can be seen in Table 1, total accuracy was quite high. There was a main effect for
number of consonants F (1, 281)=30.47, p<0.001, 11p2=0.098. Children were less
accurate in their spelling of items with double consonant letters than in their spelling
of items with a single consonant letter. The main effect for type and the interaction
between number of consonant letters and type were not significant. In other words:
the accuracy percentage did not differ between items with continuant and stop con-
sonant letters and it was not the case that the effect of number of consonant letters
was more pronounced for continuant or for stop consonants.

Target consonant(s) accuracy percentage

As can be seen in Table 2, accuracy was high. Just like for total accuracy percentage,
we found a main effect for number of consonant letters, F (1, 281)=22.03, p <0.001,
np2=0.073. Children were less accurate in their spelling of double consonant let-
ters than in their spelling of single consonant letters. Again, the main effect for type
was not significant, F (1, 281)=2.11, p=0.15. However, we did find a significant
interaction effect between number of consonant letters and type, F (1, 281)=17.51,
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Table 2 Target consonant

Number of Type Mean SD N
accuracy percentage consonants

1 Continuant 95.57 9.20 282

1 Stop 96.81 9.15 282

2 Continuant 91.14 21.79 282

2 Stop 88.80 25.02 282

p<0.001, 71,,2=0.059. This means that, overall, accuracy for continuant consonant
letters did not differ from accuracy for stop consonant letters. However, for stop con-
sonant letters the difference between the single and double consonant conditions was
larger than for continuant consonant letters.

Exploratory analyses

We ran two different types of exploratory analyses, that is, we conducted analyses
for which we had no specific predictions when we preregistered the study. First, we
had mentioned in our preregistration that if we could get standardized test results
from the teachers, we would conduct exploratory analyses of the influence of gen-
eral spelling proficiency on performance on our experimental task. Unfortunately,
results of such a task were not available for the children in our participating schools.
Instead, we obtained a teacher evaluation of spelling skills of the children, by asking
the teachers to rate them on a scale of 1 (low) to 5 (high). We used this variable as a
between-subjects variable and added it to the same Repeated Measure ANOVA we
conducted for our planned analyses. Next, we ran the same analyses with Grade as a
between-subjects variable (see first and second section below) to examine the effect
of grade level on the results.

Second, we noticed that children made many other types of errors. For exam-
ple, despite the instruction that all items were nonsense words, some children still
wrote down existing words, indicating potential indirect lexical effects. For example,
“musa” ['musa] (common spoken language form for “musiikki” ‘music’) instead of
“vusa” ['vusa]. We also observed many instances of ‘other’ errors, that is, errors
that did not involve the doubling of the target (middle) consonant letters. Our explo-
rations of these observations, including corpus analyses, will be presented in the
third and fourth sections below.

Total-accuracy-percentage: interactions between medial consonant length and type
and spelling ratings or grade

Graphic displays of the results of these analyses can be found in Figs. 1 (spell-
ing rating) and 2 (Grade). First, we ran the analyses with spelling rating. To save
space we will only report the statistics for effects with spelling rating and Grade
here. A document with all outcomes can be found on the OSF (https://osf.io/3rgbk/).
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Fig. 1 Total accuracy percent- 100 Teachereval
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As expected, we found a main effect of number of consonant letters on total spell-
ing accuracy. We also found a significant main effect for teacher evaluation of the
spelling skills F (4, 276)=24.83, p<0.001, np2=0.27 and a two-way interaction
between number of consonants and evaluation of spelling skills, F (4, 276)=10.49,
p<0.001, np2=0.12. This means that the children who received higher spelling
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ratings from their teachers were more accurate in their spelling than the children
who received lower ratings. More interestingly, the effect of number of consonant
letters was stronger for the lower rated that for the higher rated children. As can be
seen in Fig. 1, there was no difference between number of consonant letters for the
children that received high ratings. The other effects were not significant (ps > 0.05).

Next, we ran the analyses with Grade. Again, we found a main effect of number of
consonants on total spelling accuracy. The main effect for Grade was also significant
F (1, 280)=44.44, p <0.001, np2=0.14. In addition we found a significant two-way
interactions between number of consonants and Grade, F (1, 280)=19.74, p <0.001,
n,=0.057 and between type and Grade, F (1, 280)=5.66, p <0.05, 7,°=0.020. The
children in Grade 2 were more accurate in their spelling than the children in Grade
1. Moreover, the effect of consonant number was stronger for Grade 1 than for the
Grade 2 children. The two-way interaction between Type and Grade is harder to
interpret, in particular in the absence of a main effect of Type. From Fig. 2b it seems
that the difference between Grade 1 and 2 children is bigger for stop than for con-
tinuant consonants. The other effects were not significant (ps > 0.05).

Target-consonant-accuracy-percentage: interactions between medial consonant
length and type and spelling ratings or grade

Graphic displays of the results of these analyses can be found in Figs. 3 (spelling
rating) and 4 (Grade). First, we ran the analyses with spelling rating. As expected,
we replicated the main effects for number of consonants on target consonant spell-
ing accuracy and the two-way interaction between number of consonants and
Type. We also found a main effect for teacher evaluation of the spelling skills F (4,
276)=25.24, p<0.001, 17P2= 0.27, a two-way interaction between number of conso-
nants and evaluation of spelling skills, F (4, 276)=12.13, p<0.001, np2=0.13, and
a three-way interaction between number of consonant letters, type, and spelling rat-
ing, F (4, 276)=3.37, p<0.05, np2=0.043. As can be seen from Fig. 3, this means
that the difference in target consonant letter spelling accuracy between one and two
consonant letter items is larger for the poorer than for the better spellers and that this
effect is even more pronounced for stop than for continuant consonant letters. The
other effects were not significant (ps > 0.05).

Next, we ran the analyses with Grade. Again, we found a main effect of number
of consonant letters on total spelling accuracy and a two-way interaction between
number of consonant letters and type. The main effect for Grade was also significant
F (1, 280)=34.61, p<0.001, np2=0.1 1. In addition, we found a two-way interac-
tion between number of consonant letters and Grade, F (1, 280)=15.74, p<0.001,
11P2= 0.048 and a significant three-way interaction between number of consonant let-
ters, type and Grade F (1,280)=4.65, p<0.05, ’7p2=0'015' The other effects were
not significant (ps>0.05). As can be seen from Fig. 4, this means that the differ-
ence in target consonant spelling accuracy between one and two consonant words is
larger for the Grade 1 than for the Grade 2 spellers and that this effect is even more
pronounced for stop than for continuant consonants. The other effects were not sig-
nificant (ps > 0.05).
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Other error analyses

Although our research questions are focused on errors in consonant letter doubling,
we observed that children made many other errors (e.g., substituting the first letter
for another one). If it is the case that children make more other errors in some of
our conditions than in the others, this might change the interpretation of the over-
all accuracy results. We therefore conducted additional exploratory analyses on
the other error percentage for each of the four conditions. For this we used again a
Repeated Measures ANOVA, with number of consonants and type as within-sub-
jects variables. The descriptives are presented in Table 3.

We found main effects for number of consonants, F (1, 281)=12.41, p<0.001,
np2=0.042 and type, F (1, 281)=50.80, p<0.001, np2=0.15. The interaction effect
between number and type was not significant, F (1, 281)=2.26, p=0.13. This
means that children make more other spelling errors for double consonant than for
single consonant items and more errors on stop consonant than on continuant conso-
nant items.
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Table 3 Other (not related to the

middle consonant letter(s)) error Ic\i)unr:(l));;ﬁfs Type Mean SD N
percentage per condition
1 Continuant 5.94 9.74 282
Stop 8.81 11.65 282
2 Continuant 6.71 9.82 282
Stop 10.85 11.40 282

Error types on double consonant letter items and corpus analyses

On average, children’s error rate on the double consonant letter items was 22.4%.
Just under half of this percentage, about 10%, consisted of the expected error of
leaving out a consonant letter. The other half, about 11%, mainly consisted of other
pseudoword (non-lexical) errors (e.g., “nilo” instead of “milo”), leaving only about
1.4% for lexicalization errors (e.g., “musa” instead of “vusa”). The fact that most
errors were pseudowords, either the one consonant-letter variant of the item or
another spelling error, seems to suggest that lexical influences do not play a large
role in the spelling of Finnish children.

Because we only used pseudowords, one could argue that it makes sense that
our results were not so much influenced by lexical effects, such as word frequency.
However, lexical effects could still have occurred indirectly, for example via the fre-
quency of the neighbors of our pseudowords. To examine this possibility, we ran
a corpus analysis to pinpoint all orthographic substitution neighbors and their fre-
quencies of our pseudowords items (Kotimaisten kielten tutkimuskeskus [Research
Institute for the Languages of Finland], 2007). The second and third author (both
native speakers of Finnish) checked these neighbors and deleted items that were mis-
spellings or very uncommon. Next, we checked if our experimental conditions dif-
fered on number of orthographic neighbors and mean frequency of the orthographic
neighbors. This was not the case: there were no significant differences between the
experimental conditions for the stimulus items, neither in terms of number of ortho-
graphic neighbors, F (3, 47)=1.32, p=0.28, nor in terms of mean frequency of the
orthographic neighbors, F (3, 39)=0.39, p=0.76. Although this strategy for con-
trolling for neighborhood and frequency effects is often applied, especially in read-
ing research in Germanic languages (e.g., Steacy et al., 2016), it does not seem to
be an optimal strategy to control for the spelling of Finnish children. When children
made a lexical error, which barely happened, it did not follow from what would be
expected from the results of the corpus analyses. For example, based on the cor-
pus data we would expect children to misspell the pseudowords “hyki” [‘hykee] and
“hymi” ['hyme] as the real word hyvdi (‘good’). According to the corpus, hyvi was
the most frequent neighbor word of our items (frequency of 1459 per million) and is
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obviously a word that children should be familiar with. However, of our entire sam-
ple only one child wrote down hyvd. Interestingly, the most common lexical error
(164 incidences) was misspelling “vusa” ['vusa] for musa ['musa]. Musa only has a
frequency of 2 per million in the corpus. Two other words were seen relatively fre-
quently: “vessa” ['ves:a] ‘toilet’, as a neighbor of the pseudoword “vesso” ['ves:o]
and “mitta” ['mit:a] ‘measure’, as a neighbor of the pseudoword “mitto” ['mit:o]
which respectively appeared 32 and 37 times in the children’s spelling.

Although the additional analyses of higher frequency orthographic neighbors
are interesting, it is important to keep in mind that the focus of this research was
the spelling accuracy of single and double consonant letters. The data clearly show
that this was the main source of spelling errors. When looking for orthographic
explanations for errors, it is therefore more relevant to check the general frequency
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difference between single (e.g., “kisa” ['kisa] ‘contest’) and double (e.g., “kissa”
['kis:a] ‘cat’) consonant letter words in Finnish than looking at potential lexical
errors originating from neighbor words. If single consonant letter words are more
frequent than double consonant letters in general, this could form an alternative
explanation for why they are easier for Finnish children to spell. However, a corpus
analysis showed that the opposite is true: words with double consonant letters in
Finnish are typically of higher frequency than their single consonant letter counter-
parts® (Kotimaisten kielten tutkimuskeskus [Research Institute for the Languages of
Finland], 2007). In other words, if general frequency would have been important, it
would have made the double consonant letter words easier than the single consonant
words, which is clearly not the case.

Discussion

This study presents the first systematic investigation of the spelling of double con-
sonants letters in Finnish children. To this end we compared total spelling accuracy
of pseudowords with and without double consonant letters and spelling accuracy of
the target medial consonant(s) of the same items. For the total accuracy measure, we
found that Grade 1 and Grade 2 children made more spelling errors in items with
double consonant letters than in items with a single consonant letter. For this gen-
eral, overall spelling-accuracy measure, we did not find a difference between items
with stop and continuant consonant letters. With our more precise target-consonant-
accuracy measure we confirmed that the higher error rate on the double consonant
letter items was indeed caused by a higher percentage of errors in the doubling of
consonant letters as compared to the spelling of single consonant letters. Moreover,
with this more fine-grained measure, that is, without the interference of all other
possible spelling errors children could make, we also showed it is harder to accu-
rately double stop consonant letters than continuant consonant letters.

In addition to answering these two main preregistered questions, we conducted
three further explorations. First, we looked at the effects of Grade and spelling pro-
ficiency (as estimated by the teachers). As expected, Grade 2 children were more
accurate spellers than Grade 1 children and the children who received higher
spelling ratings from their teachers where more accurate than those who received
lower spelling ratings. In addition, the difference in overall accuracy between sin-
gle consonant and double consonant letter items was larger for the Grade 1 than
for the Grade 2 and larger for lower-rated children than for higher-rated children.
Focusing on the more precise, target-consonant-accuracy measure, we found the
same results. Moreover, the effects were stronger for stop than for continuant con-
sonants. Together, these results show that words with double consonant letters are

3 Mean surface word frequencies (in a million word) for 30 identified CVCV-CVCCV pairs (e.g.,
“kisa”- “kissa”) were 84 for CVCV and 185 for CVCCV counterparts, derived from a newspaper corpus
(Research Institute for the Languages of Finland, 2007).
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challenging for younger and poorer spellers, in particular if they require the dou-
bling of stop consonants.

Our second exploration focussed on our observation that children made many
other errors (e.g., substituting the first letter for another one, like “vusa” ['vusa]—
musa [ musa]). We wanted to further explore this observation, because higher num-
bers of other, unexpected errors might have influenced the interpretation of the over-
all accuracy outcomes. For example, high numbers of other errors in the continuant
condition could have cancelled out effects of consonant type. However, this did not
seem to be the case as we found that children happened to make more other errors
on items with stop consonant letters than on items with continuant consonant letters.
Therefore, if anything, this should have enhanced the chance to find an effect for
consonant type, which was not the case.

However, for consonant letter number (single vs. double) we did find an effect
in the same direction as we did for our overall accuracy analyses: children also
made more other spelling errors for items with double consonant letters than for
items with a single consonant letter. One might therefore argue that the main effect
of number of consonant letters (i.e., words with double consonant letters are more
difficult than those with a single consonant letter) for overall accuracy was mainly
caused by other errors. However, we think that this is highly unlikely, as our more
fine-grained analyses specifically demonstrated children made more errors with dou-
ble consonant letters. We therefore speculate that the higher number of other errors
for items with double consonant letters reflects that these items produce additional
cognitive load for the children, leading them to get confused and make other spell-
ing errors in the process.

Our third and final exploration consisted of error and corpus analyses of the dou-
ble consonant items with the aim to find out if lexical or frequency factors cause
Finnish children to experience difficulties with the spelling of the double consonant
letter items in this study. However, this did not seem to be the case. Children barely
made lexical errors (writing existing words instead of the dictated pseudoword) and
the ones that occurred were not what would be expected based on existing neighbor
words. In addition, a corpus analysis showed that words with double consonant let-
ters in Finnish are typically of higher frequency than their single consonant letter
counterparts. If lexical factors would have had a key influence on the spelling of
Finnish children, they should have found the double consonant letter words easier
than the single consonant words.

Then what could be causing the spelling difficulty with double consonants in the
medial position? And what could explain that doubling is even harder for stop con-
sonants? Could it be that younger and certain children find it hard to perceive differ-
ences in phoneme length and that this causes them to choose the incorrect number
of consonant letters? Such an explanation would fit the finding of Lehtonen et al.
(2004) that phoneme length awareness in Finnish children is more strongly related
to spelling performance than phoneme identity, or phoneme quality, awareness.
However, if it were indeed the case that Finnish beginning or struggling spellers
are having difficulties hearing the difference between the phonemes corresponding
to single and double consonant letters, one would expect them to randomly dou-
ble or not double the consonants. Our results, however, show that this was not the
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case: children were more likely to leave out a consonant than to add one. Moreover,
speech perception research has convincingly ruled out that categorical perception
difficulties play a role in reading and spelling problems (e.g., Zhang et al., 2010).
Lastly, one would expect that problems in categorical auditory perception of length
would then also lead to widespread problems in spoken language in a language envi-
ronment like Finnish in which the perception of phonemic length is so important,
which is clearly not the case.

A better explanation for the difficulty with double consonant letters seems to be
that, although beginning and poor spellers are perfectly able to perceive the auditory
differences between single and double consonant letters, they are still skipping this
step in the spelling processes. In other words, they are focusing on phoneme qual-
ity and overlook its quantity. In a similar vein, Lehtonen et al. (2004) argued that
the spelling of long phonemes involves overcoming two hurdles. First, to overcome
the assumption that one sound belongs to one letter, that is, the default strategy of
using only one consonant letter in the spelling of both short and long consonant
phonemes. Such a default strategy could be explained by the fact that overall, when
position in the word is not considered, consonant letters occur more often in single
than in double formation. Also, the fact that long phonemic quantity of consonants
is not always marked in spelling of multimorphemic items, or at word boundaries
(see Footnote 1) might also bias young spellers to rely on single letter marking. The
second hurdle is to determine and monitor phoneme quantity, which depends on
the phonemic context. Experimental training studies are needed to tease apart the
importance and relevance of these two different potential hurdles.

To examine if children are using a one-consonant letter default strategy, we could
conduct a training experiment that exposes the children to many words with double
consonant letters, asking them to mark the double letters and copy the consonant
clusters and words. If we find improvement in their spelling after such a treatment,
this could be considered evidence for the importance of overcoming a default strat-
egy of marking the phoneme with one letter, regardless of its quantity.

To examine if they accurately monitor consonant phoneme length, telling children
to listen better whether they hear a short or long sound might be helpful for continu-
ant consonant letters (e.g., “m”), but not for stop consonants. This is because the
explosion of stop consonants is identical, irrespective of phonemic quantity. There-
fore, in addition to an ‘encourage active listening’ condition, we would argue for an
experiment that also includes a ‘focus on kinetic aspects of articulation’ condition.
In this condition, children would not only be instructed to repeat the word they are
spelling, but also to pay attention to whether their tongue or lips hold the explosion
of the sound for a short or a long period of time. If such instructions improve their
spelling, we would have found evidence for the importance of monitoring phoneme
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quantity in the spelling of double consonant phonemes. Moreover, we would predict
different outcomes for the different training conditions. For the doubling of stop con-
sonant letters, we would only predict better outcomes for the children who attended
the ‘“focus on kinetic aspects of articulation’ condition. For the doubling of continu-
ant consonant letters, we would predict improvement for in both training conditions.

Limitations

In this study, we were able to answer the preregistered research questions reasonably
straightforwardly. However, there is always room for improvement of the design and
additional questions came up during the study. For example, we administered the
spelling task in group sessions. For future studies, we would recommend individual
sessions, in which the participants are asked to repeat the items, to avoid potential
perception error confounds. For the Finnish population, we can confidently say that
there is not much variation between schools in teaching methods and literacy perfor-
mance of the students, allowing us to generalize results across schools and Finland.
In addition, children are not segregated in low-performance and high-performance
classrooms within schools. However, if similar studies were conducted in other
countries, researchers could consider controlling for school or even classroom and
to carefully select the schools across the country when aiming to generalize beyond
the specific area. In our study we used pseudowords because, in contrast to words,
they are unfamiliar to all participants and because it enabled us to find matching
items for all the conditions. This would not have been possible to the same degree
with existing words. However, it needs to be acknowledged that we are generalizing
our results with pseudowords to the observation that children struggle with double
consonant words. Finally, for our exploratory analyses, we used teacher estimates as
a measure for literacy performance. Future studies could consider obtaining direct
literacy measures (e.g., standardized measures of reading and spelling performance)
from the participants.

Conclusion

Our study with beginning spellers of Finnish showed that doubling consonant let-
ters, and in particular stop consonants, forms a specific challenge in learning to spell.
The effects were strongest for the younger and poorer spellers. Most primary school
teachers in Finland are probably at least partly aware of the double-consonant letter
challenge in spelling. However, the results of our systematic study underlines that
they need to be specifically vigilant when the spelling of such words is introduced.
The examination of error types showed that children predominantly make nonlexical
errors and that lexical influences on their spelling seem to be minimal and unpre-
dictable. We argue that the consonant-letter-doubling difficulty can probably be
explained by a combination of adopting a default strategy of only using single con-
sonant letter spelling and poor monitoring of phoneme length (or preceding pause in
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the case of stop consonants) during the spelling process. We have made suggestions
of how experimental training studies could examine these two explanations.

Appendix

Stop consonants Continuant consonants

Single Double Single Double

hyki ['hykee] hykki ['hyk:a] hymi ['hyme] hymmi ['hym:z]
veko ['veko] vekko ['vek:o] veso ['veso] vesso ['ves:o]
kite ['kite] kitte ['kitze] kime ['kime] kimme ['kim:e]
rate ['rate] ratte ['rat:e] rale [rale] ralle ['ral:e]
vupa ['vupa] vuppa ['vup:a] vusa ['vusa] vussa ['vus:a]
jopi ['jope] joppi ['jep:e] jolé [jela] jolla ['jgl:e]

tike ['tike] tikke ['tikze] time ['time] timme ['tim:e]
soke ['soke] sokke ['sok:e] sole ['sole] solle ['solze]
mito ['mito] mitto ['mit:o] milo ['milo] millo ['mil:o]
noty [ngty] notty [ngt:y] nosy ['ndsy] nossy [ ngs:y]
nopu ['nopu] noppu ['nop:u] nomu ['nomu] nommu [ nom:u]
mipd ['mepg] mippo ['map:d] miso ['masg] misso ['mas:g]
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