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Abstract

Morpheme-based literacy training programs are widely 
used in German primary schools. This study investigated 
whether (1) morphological training is effective early in 
development (Grade 2) and (2) literacy gains can be 
attributed to advanced morphological processing. Fifty-
two German-speaking second-graders participated in 
an eight-week morpheme-based training program, while 
an age-matched control group (n = 41) attended regular 
language classes. All children completed spelling, reading 
and morphological awareness tasks and participated in a 
masked primed lexical decision experiment, once before 
training, and then again following training. We observed 
training effects for spelling and reading morphologically 
complex words, with bigger increases in the intervention 
than the control group. In addition, the masked priming 
results revealed that lexical decision times decreased 
more strongly in the intervention than the control group, 
but there was no clear training impact on the pattern of 
morphological priming. However, the performance on 
standardized reading tests and a morphological awareness 
task did not differ across participant groups. Thus, while 
written language processing improved, it is unclear whether 
these effects can be attributed to morphological processing 
or rather general gains in orthographic knowledge.

Introduction

This study aimed to investigate to what extent young 
German-speaking children can benefit from a 

morpheme-based spelling intervention. We also wanted 
to examine whether any gains in spelling (and reading) 
proficiency could be directly related to improvements in 
morphological abilities or are simply due to an increase in 
orthographic knowledge. Morpheme-based instruction 
and intervention were aimed at teaching children how to 
identify the semantic building blocks within morphologically 
complex words (morphemes). For example, the compound 
“cowboy” consists of two stem morphemes (“cow” and 
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“boy”). The verb “played” consists of the stem 
morpheme (“play”) and a grammatical morpheme 
marking past tense (“-ed”). There is increasing interest 
in morpheme-based instruction and intervention in 
children’s reading acquisition (e.g., Bowers & Bowers, 
2018; Bowers & Kirby, 2010), and a number of arguments 
in favor of such approaches within the Indo-European 
language context have been proposed.

Transparency of Morphological Information in Print

While there is large variability among orthographic 
systems in their transparency and reliability of letter-
sound correspondences (De Simone et al., 2021; 
Schmalz et al., 2016), Indo-European orthographies 
typically represent morphological structure in 
a consistent way (e.g., Ulicheva et al., 2018). The 
orthographic principle of morphological constancy 
has been mostly discussed for English, which is 
notoriously inconsistent and irregular at the letter-
sound level. Arguably, many inconsistencies at the 
phonological level are a by-product of the fact that 
orthography makes linguistically “deeper” morpho-
semantic relations transparent, which are not directly 
evident on the surface level of phonology (Chomsky & 
Halle, 1968). For example, although the vowel in the two 
words “heal” and “health” is pronounced differently, 
their spelling reflects their morpho-semantic 
relation, and the silent letter “w” in “two” relates it 
to “twice”, “twin”, and “twenty”. Morpheme-based 
interventions are assumed to help children deal with 
the phonological inconsistencies and irregularities of 
English orthography (Apel et al., 2013; Bowers & Bowers, 
2017, 2018).

In many other orthographies, like Spanish, Greek, 
or German, morphological information is not 
mandatory in order to decode word pronunciations 
during reading, as letter-sound relations are mostly 
consistent and transparent to the reader. Still, these 
orthographies adhere to the principle of morpheme 
constancy, meaning that morphemic units are spelt 
consistently across word forms. In morphologically 
rich languages this is particularly important as the 
same stem morpheme can appear in a large number 
of different word forms (e.g., German “fahr” – Engl.: 
drive; “fahren”, “fährst”, “fährt”, “gefahren”, “vorfahren”, 
“Fahrer”, “Gefahr”, “Gefährt”, “Einfahrt”, “Auffahrt”, 
“Zufahrt” and in a multitude of compounds like 
“Fahrstuhl”, “Fahrschule”, “Radfahrer”, etc.). Identical 
spelling of the stem morpheme helps the reader to 
access word semantics and identical spelling of the 
numerous inflectional and derivational morphemes 
helps to quickly identify the grammatical form of 
the particular word. Thus, recognizing the building 
blocks of morphologically complex words can 
support word reading, especially for long words like 
German “hinterhergegangen” (Engl.: went after) or 
the compound “Schulsportwettbewerb” (Engl.: school 
sports competition).

Morphological knowledge is particularly important 
for spelling (e.g., Ulicheva et al., 2018). Even in 
“shallow” orthographies with consistent grapheme-
phoneme correspondences, phoneme-grapheme 
correspondences can be highly inconsistent. In 
German, for instance, the frequent prefix “ver-” is 
consistently spelt with “v” and not with “f”, although 
both letters represent the same labiodental fricative 
and “f” is overall more frequently used for this sound. 
Orthographic marking of vowel length is particularly 
inconsistent in German (see Landerl, 2017 for details). 
For each vowel, there are two or three different spelling 
alternatives (e.g., /a:/ in “Wal” – Engl.: whale, “Wahl” – 
Engl.: election, and “Aal” – Engl.: eel) and short vowels 
are often marked by a subsequent double consonant 
(“kommen” – Engl.: come) that is retained when 
followed by another consonant only if this consonant 
is the onset of a new morpheme (“kommt” – Engl.: 
he/she/it comes vs. monomorphemic “Hund” – Engl.: 
dog). Memorizing the spelling of the most frequent 
word stems and grammatical morphemes can thus 
help children to correctly spell a large number of 
words (Bowers & Kirby, 2010; Scheerer-Neumann, 1979).

Morphological Skills and Written Language Processing

Children use morphology productively early in their 
language development (Mussar et al., 2020). In 
preschool, they are well able to adapt unfamiliar 
forms morphologically, as for example demonstrated 
by Berko´s (1958) classic wug-test (e.g., “This is a wug. 
Now there is another one. There are two of them. 
There are two ____.”) and numerous studies since (e.g., 
Apel et al., 2013; Berninger et al., 2010; Casalis & Louis-
Alexandre, 2000; Rispens et al., 2008). The ability to 
segment and recombine morphemic units is referred 
to as morphological awareness (Apel, 2014; Carlisle, 
2000). Variance in morphological awareness explains 
unique variance in reading (e.g., Deacon & Kirby, 
2004; Kirby et al., 2012), and spelling skills (e.g., Kargl & 
Landerl, 2018; Rispens et al., 2008) above and beyond 
phonological awareness or vocabulary skills (e.g., 
Kirby et al., 2012; Levesque et al., 2017). 

Despite the evidence for the early development 
of children’s morphological awareness, the 
automatization and integration of morphological 
knowledge into more implicit reading processes does 
not appear to take place until much later in children’s 
reading development (e.g., Beyersmann et al., 2012; 
Dawson et al., 2018; Schiff et al., 2012). Evidence for 
rapid, automatic morphological processing comes 
primarily from masked morphological priming, a 
task that has been extensively used in skilled readers 
(initially introduced by Longtin et al., 2003 and Rastle 
et al., 2004) and has by now also been applied in a 
growing number of studies with developing readers 
(e.g., Beyersmann et al., 2012; Beyersmann, Grainger, 
et al., 2015; Beyersmann et al., 2019; Beyersmann et 
al., 2021; Quémart et al., 2011). In a typical masked 
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priming paradigm, a mask (e.g., a string of hash keys) 
is presented for 500 ms, followed by the presentation 
of the prime for about 50 ms, and the target word, 
for which participants perform a lexical decision 
response. The key comparison in this body of research 
has been between prime-target pairs sharing a 
semantically transparent morphological relationship 
(e.g., “farmer – farm”), a semantically opaque 
morphological relationship (e.g., “corner – corn”) and 
a purely orthographic relationship (e.g., “cashew – 
cash”). The widely replicated pattern of results from 
skilled readers show significant priming in the “farmer 
– farm” and “corner – corn” conditions, but not in the 
“cashew – cash” condition, suggesting that adults 
rapidly decompose morphologically complex words, 
independently of semantics (for reviews, see Amenta 
& Crepaldi, 2012; Rastle & Davis, 2008). As opposed to 
adults however, younger readers appear to rely on 
more semantically driven morphological processing 
techniques (“farmer – farm”; Beyersmann et al., 2012; 
Schiff et al., 2012; but see Quémart et al., 2011).

More recently, there has been a new push in the 
literature towards the examination of morphologically 
complex nonwords in developing readers (e.g., 
Beyersmann, Grainger, et al., 2015; Beyersmann et al., 
2020; Beyersmann et al., 2021; Hasenäcker et al., 2016, 
2020; Mousikou et al., 2020). The key comparison in 
this task is between four different prime conditions: 
a suffixed word condition (e.g., “flexible – flex”), a 
suffixed nonword condition (e.g., “flexify – flex”), a 
non-suffixed nonword condition (e.g., “flexint – flex”), 
and an unrelated control condition (e.g., “faulty – 
flex”). This paradigm has the advantage that the 
same targets can be used across all four conditions, 
cancelling out uncontrolled differences between 
target words. Moreover, the use of complex nonwords 
allows to remove any apparent semantic relationship 
between the prime (e.g., “flexify”) and the target 
(e.g., “flex”), thus making it possible to investigate the 
automaticity of morphological processing in a context 
in which it is impossible to fall back onto processing of 
the whole letter string. 

The overall pattern of results shows that lexical decision 
times for monomorphemic target words are faster 
when a preceding prime was a suffixed word, a suffixed 
nonword, or a non-suffixed nonword, compared 
to the unrelated control (adults: e.g., Beyersmann, 
Casalis, et al., 2015; Beyersmann, Cavalli, et al., 2016; 
Heathcote et al., 2018; Morris et al., 2011; children: 
Beyersmann, Grainger, et al., 2015; Beyersmann, et al., 
2021; Hasenäcker et al., 2016, 2020). This suggests that 
stems embedded in complex nonwords are rapidly 
activated independently of whether or not they are 
accompanied by a suffix or a non-suffix. Additionally, 
there seems to be an advantage, when the prime 
and the target share a semantic relationship (suffixed 
word primes; Beyersmann, Grainger, et al., 2015). 

Morphological Intervention Programs

In their meta-analysis based on 30 studies, Goodwin 
and Ahn (2013) found positive intervention effects on 
morphological knowledge, phonological awareness, 
vocabulary, decoding, and spelling, but not reading 
comprehension or fluency. An ongoing discussion 
concerns the age at which students can profit from 
morphological interventions. Interestingly, about half 
of the studies analysed by Goodwin and Ahn did not 
start before Grade 4, perhaps based on the assumption 
that morphological information might be too complex 
for younger children. However, effect sizes were larger 
for preschoolers and early elementary school children 
than for students beyond Grade 2. Similarly, in their 
systematic review of 22 morphological intervention 
studies, Bowers et al. (2010) found that training effects 
for younger children (preschool – 2nd grade) were as 
large or even larger than those for older children (3rd – 
8th grade). This is in line with Bowers and Bowers´ (2018) 
dedicated call for early morphological instruction 
(see also Bowers et al., 2010). The authors argued that 
early morphological instruction can support children’s 
understanding as to why sometimes the same letter 
cluster has different pronunciations (e.g., “heal – 
health”) and at other times different letter clusters 
have the same pronunciation (e.g., “bald – balled”). 
Knowledge of frequent stems and affixes may 
support children in their decoding of unfamiliar words 
by breaking them down into morphemic sub-units. 
However, current meta-analyses and reviews are 
almost exclusively based on studies in English (Bowers 
et al., 2010; Goodwin & Ahn, 2010, 2013) and therefore 
do not necessarily generalize to more transparent 
orthographies like German. 

In German-speaking countries, reading and spelling 
instruction in Grades 1 and 2 is heavily based on 
phonics (Landerl, 2017). Although phoneme-based 
sounding out is reliable and successful (though slow 
and laborious) for reading, it is insufficient for spelling. 
Simply translating each sound of a spoken word 
with a phonologically adequate grapheme leads to 
phonologically plausible but incorrect spellings unless 
morpheme constancy is regarded. Still, the curriculum 
for the first two school years contains only very basic 
morphology instruction. For example, children are 
encouraged to derive unknown spellings from similar 
familiar words (e.g., derive plural “Straßen” – Engl.: 
streets – from singular “Straße”) and spell nouns with 
an uppercase first letter, according to the German 
capitalization rule. 

One program in particular was designed for poor 
spellers in late elementary school (Grade 4 and 
beyond). The MORPHEUS program (Kargl & Purgstaller, 
2010) was developed at the same time as the English 
Structured Word Inquiry (SWI) program (Bowers & 
Kirby, 2010) and has many conceptual similarities. 
Both programs introduce children to the concept 
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of word stems and affixes and encourage them to 
identify, segment and (re)combine high frequency 
morphemes. While the objective of the English SWI is 
to communicate different approaches to investigate 
written words (combining etymology, morphology and 
phonology), the German MORPHEUS program focuses 
on morphology and teaching the most common 
morphemes to improve children’s spelling. In previous 
intervention studies, MORPHEUS was mostly delivered 
as a two- to five-week program, in small group settings. 
Children received teaching lessons complemented by 
homework consisting of paper-and-pencil as well as 
computerized tasks. A number of small-scale studies 
provided evidence that this program can enhance 
spelling (Kargl et al., 2008; Schneeberger et al., 2011) 
as well as reading proficiency (Gebauer, Fink, Kargl, et 
al., 2012; Weiss et al., 2010) in typical as well as poor 
spellers in Grades 3 to 8 compared to untrained control 
groups. 

The Present Study

The first aim of the present study was to investigate 
whether in the transparent German orthography, 
younger children in Grade 2 can also profit from a 
morpheme-based intervention. In Grade 2, reading 
and spelling instruction mostly focus on grapheme-
phoneme and phoneme-grapheme translations, 
supplemented by only minor morpheme-based 
information for spelling (see above). Children are 
encouraged to sound out words during reading and 
phonologically adequate spellings are often accepted, 
even if they deviate from the orthographically correct 
spellings. Children at this stage have clear mastery 
of the alphabetic principle. Here we asked if explicit 
morphological instruction via the MORPHEUS program 
leads to improved spelling and reading skills in children 
as young as Grade 2.

While we expected the intervention to induce 
larger gains in written language processing skills 
compared to a control group receiving standard 
school instruction, it is unclear if any such training 
effects are directly related to gains in morphological 
knowledge, or due to an increased focus on spelling 
practice during the training period. Thus, our second 
aim was to investigate to what extent any training 
effects can directly be related to changes in explicit as 
well as more implicit morphological processing skills. 
The explicit measure was a standard morphological 
awareness task requiring children to adapt verbally 
presented nonwords to a given sentence frame (e.g., 
“1. Gestern habe ich gewornt. 2. Es wäre gut, wenn du 
heute ___ (wornst).“ – Engl.: 1. Yesterday I worned. 2. It 
would be great, if you could ____ (worn) today.). Given 
that MORPHEUS trains participants’ morphological 
awareness, gains were to be expected in this task. 
Indeed, earlier studies found improvements in this 
type of task after morpheme-based intervention (Apel 
et al., 2013; Arnbak & Elbro, 2000; Kargl et al., 2008).

Two tasks were used to investigate more implicit 
mechanisms of morphemic processing, a nonword 
reading task and a masked primed lexical decision 
task. In the nonword reading task, children read aloud 
existing stems that were either combined with an 
existing prefix or suffix (e.g., “wahrlein” – Engl.: truelet) 
or with a matched letter cluster that did not constitute 
an affix (e.g., “wahrnauf” – Engl.: truenauf). We 
expected faster and more accurate response times to 
affixed compared to non-affixed nonwords following 
training. 

The masked primed lexical decision task was based 
on a widely replicated nonword priming paradigm 
(Beyersmann, Casalis, et al., 2015; Beyersmann, 
Grainger, et al., 2015; Beyersmann, et al., 2021; 
Hasenäcker et al., 2016) using four different prime 
conditions: a suffixed word condition (e.g., “flexible 
– flex”), a suffixed nonword condition (e.g., “flexify – 
flex”), a non-suffixed nonword condition (e.g., “flexint 
– flex”), and an unrelated control condition (e.g., 
“faulty – flex”). Embedded word priming effects were 
expected prior to training (Beyersmann, Grainger, et 
al., 2015; Beyersmann, et al., 2021; Hasenäcker et al., 
2020). We further hypothesized that depending on 
the underlying mechanisms, training may lead to 
three different priming patterns. 1. If explicit practice 
in recognizing, storing, and retrieving frequent stems 
and affixes boosts morphological processing, the 
training group should show a more marked increase 
in priming effects for the affixed conditions, compared 
to the non-affixed conditions. 2. If the morpheme 
training mostly impacts embedded word activations, 
priming in all related conditions should increase from 
pre- to post-test in the training group. 3. If children 
do not benefit from the training, the priming pattern 
should not differ at pre- and post-test in both groups.

Method

Participants

Ninety-three German-speaking second-graders 
participated in this study. The participants were 
selected from three different schools. The intervention 
was carried out during language lessons. In two of 
the schools, children (n = 52, Mage = 8.29 years, SDage = 
0.50) from four classrooms received the eight-week 
intervention. In the third school, children functioned as 
a business-as-usual control group receiving standard 
language classes (six classrooms; n = 41, Mage = 8.33 
years, SDage = 0.47). The children from the two schools 
did not differ in the nonverbal IQ-test given at pre-test 
(description, see below, intervention: mean z-score = 
0.09, SD = 0.86; control: mean z-score = -0.10, SD = 0.67; 
t(88) = 1.116, p = .267).

A total of 122 children completed the classroom 
administered tasks. However, children who did not 
speak German at first-language level (nintervention = 15, 
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ncontrol = 5), had identified special needs (nintervention 

= 2, ncontrol = 3) or whose parents did not agree to 
contributing their children´s data to the research 
project (nintervention = 2, ncontrol = 2) were excluded.

A power analysis was conducted to ensure that the 
sample size was large enough to find the expected 
training effect on spelling and thereby reduce the 
probability of a type II error. Based on recent studies 
administering a similar intervention (Gebauer, Fink, 
Kargl, et al., 2012; Kargl et al., 2008; Schneeberger et 
al., 2011) we set our expected effect size (ηp

2) to be at 
least .11. According to a power analysis calculated 
in G*power (Faul et al., 2007) not more than 56 
participants are necessary to reduce the type II error 
to .05. Our sample size clearly exceeded this N.

All parents provided written consent for assessment 
and/or training procedures, which were also approved 
by the local school authorities.

Procedure

Pre-tests were carried out in January, followed by an 
eight-week training period (intervention group) or 
regular German classes (control group), followed by 
post-tests. A measure of nonverbal IQ was administered 
at pre-test only, while all other tasks were carried out 
before and after the intervention period. One of the 
reading measures (sentence reading), spelling and 
non-verbal intelligence were administered in the 
classroom (50-60 minutes total duration), while the 
remaining reading tasks (word and nonword reading), 
morphological awareness and a lexical decision 
task (with morphological priming) were assessed 
individually (30-45 minutes total duration) in a quiet 
room in the school. The time between the group and 
one-on-one sessions varied between one and five 
days. 

Tasks

Non-Verbal Intelligence 

The subtests series and classification of the German 
version of the Culture Fair Test (CFT 20-R, Scale 1; Weiß, 
2006) were given as classroom tests to control for 
group differences in children’s non-verbal intelligence. 
The series completion task required children to identify 
the item that completed a series of shapes (5 minutes). 
In the classification task, children had to find the item 
that violated a logical rule (5 minutes). The number 
of correct items per subtest was z-transformed and 
averaged to obtain one IQ-score for each child.

Spelling

The spelling test of the Lese- und Rechtschreibtest 
(SLRT-II; Moll & Landerl, 2010) was used to evaluate 
children’s spelling proficiency. To make possible 

training effects more observable the longer format 
with 48 words (standardized for third- and fourth-
graders) was used (the standard version for second-
graders terminates after 24 words). Children were 
given a booklet containing 48 sentences with one 
missing word in each sentence. The experimenter first 
read out the missing word, then the sentence and then 
repeated the missing word. Children’s task was to fill in 
the gap. In addition to the number of correctly spelt 
items, three scores were generated: correctly spelt 
morphological stems, orthographic stems and affixes. 
Stems were considered morphological if knowledge 
of related words could facilitate spelling (e.g., “Bäume 
<- Baum” – Engl.: trees <- tree). The SLRT-II provides two 
parallel versions (A & B), which were counterbalanced 
during pre-test. At post-test the order of versions was 
reversed to minimize repetition effects.   

Reading – Fluency 

Reading fluency was assessed using the Salzburger 
Lese-Screening (SLS 1-4; Mayringer & Wimmer, 2003) 
and the Lese- und Rechtschreibtest (SLRT-II; Moll & 
Landerl, 2010). The SLS 1-4 was administered in class. 
Participants were given three minutes to silently read 
as many sentences as possible. After every sentence, 
a check mark or a cross had to be circled depending 
on whether or not the sentence was correct (e.g., 
“Strawberries are blue.”). The dependent measure was 
the number of sentences marked correctly. The SLRT-II 
was carried out one-on-one. Children were asked to 
read aloud a list of words and a list of nonwords as 
fast as possible for one minute each. The dependent 
measure was the number of items read correctly 
within the time limit. The two parallel forms were 
counterbalanced and all children received different 
forms at pre- and post-test. 

Reading of Morphologically Complex Stimuli

To investigate training effects on reading fluency, four 
reading lists with morphologically complex items were 
created. Each list contained 24 nonwords consisting of 
existing stems combined with real or pseudo-affixes. 
The stem was either paired with (1) a prefix (e.g., 
“umfinden”), (2) a pseudo-prefix (e.g., “arfinden”), (3) 
a suffix (e.g., “gesetzisch”) or (4) a pseudo-suffix (e.g., 
“gesetzucht”). For the prefixed verb stimuli, the infinitive 
morpheme “-en” was added to the stem to create 
possible verb forms (in German, verb forms without a 
suffix do not exist in the present tense). A parallel form 
was generated for each list by reversing item order. 
The parallel forms were counterbalanced during pre-
test and children were always given the other parallel 
form during post-test. They were instructed to read 
out loud all items as fast as possible, without making 
mistakes. The score was the number of correctly read 
nonwords per minute. Cronbach’s alpha across the 
four item lists was .98 at pre- as well as post-test. 
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Morphological Awareness

This task was based on a German test of 
morphological awareness for children aged 10 or 
older (Test zur Erfassung der morphematischen 
Bewusstheit, TMB; Kargl et al., 2006). Although the 
original test is administered in print, we made the 
test more accessible for our younger participants by 
presenting the stimuli verbally. Sentences containing 
a nonword were presented. Children then had to 
manipulate the nonword in such a way that it would 
complement the next sentence (e. g.: “1. Gestern 
habe ich gewornt. 2. Es wäre gut, wenn du heute 
___ (wornst).“ –  Engl.: Yesterday I worned. 2. It would 
be great, if you could ____ (worn) today.). All items 
required the morphologically adequate manipulation 
of a pre- and/or suffix. Correctly derived nonwords 
mirrored either pseudo-nouns (derivation, inflection), 
-adjectives (derivation, building the comparative and/
or superlative) or -verbs (past participle, inflection). 
Mistakes in pronunciation of the stem were not rated. 
The score was the number of correctly manipulated 
words (max. 24). Cronbach’s alpha was .83 at pre-test 
and .77 at post-test.

Masked Morphological Priming 

A lexical decision paradigm with masked 
morphological priming was used to assess the 
relevance of morphological segments in written word 
processing. Materials and procedure were adapted 
from a study by Beyersmann et al. (2021). Two sets of 
target words each containing 48 items were selected 
from the childLex corpus (Schroeder et al., 2015). Target 
words in the prefix condition were the infinitive forms 
of verbs and target words in the suffix condition were 
nouns or adjectives. Each target was preceded by an 
affixed word prime (e.g., prefix: “mitdenken – DENKEN” 
– Engl.: think along – THINK; suffix: “steinchen – STEIN” 
– Engl.: little stone – STONE), an affixed nonword 
prime (e.g., prefix: “hindenken – DENKEN” – Engl.: 
think towards – THINK; suffix: “steinkeit – STEIN” – Engl.: 
stonity – STONE), a non-affixed nonword prime (e.g., 
prefix: “kardenken – DENKEN” – Engl.: karthink – THINK; 
suffix: “steinucht – STEIN” – Engl.: stonel – STONE), and 
an unrelated prime (e.g., prefix: “karhasten – DENKEN” 
– Engl.: carpaint – THINK; suffix: “piratucht – STONE” 
– Engl.: pirate – STONE). The prefixed words included 
the prefixes “auf-”, “mit-”, “ab-”, and “an-”, the suffixes 
“-chen”, “-haft”, “-heit”, and “-lich”, which were each 
repeated 12 times. 

Nonword primes were created using the target word 
(e.g., “denken” – Engl.: think, “stein” – Engl.: stone), 
and combining it with a prefix (e.g., “hin-” – Engl.: 
towards) or suffix (e.g., “-keit” – Engl.: -ity), such that 
the whole letter string was not a real word (e.g., prefix: 
“hindenken” – Engl.: think towards; suffix: “steinkeit” 

– Engl.: stonity). Non-affixed nonword primes were 
created by combining the same word (e.g., “denken” 
– Engl.: think; “stein” – Engl.: stone) with a common, 
non-morphemic letter-sequence (e.g., “kar-”; “-ucht”), 
such that the whole letter string was not a real word 
(“kardenken” – Engl.: karthink; “steinucht” – Engl.: stonel). 
Unrelated primes were non-affixed nonwords and 
orthographically unrelated to the target. All nonwords 
were orthographically legal and pronounceable. The 
four prime conditions were matched on length.

For the purpose of the lexical decision task, 98 
nonword targets (48 for the prefixed materials and 48 
for the suffixed materials) were created from words by 
replacing one or two letters (e.g., “laufen” – Engl.: to run 
-> “laupen”; “ganz” – Engl.: whole -> “galz”). In both the 
prefixed and suffixed materials, nonword targets were 
matched to real word targets on length. To mimic the 
structure of the primes preceding real word targets, 
primes preceding nonword targets were selected in 
a similar fashion. Each nonword target was preceded 
by four different types of primes, by combining the 
nonword targets with an affix (e.g., “anlaupen – 
LAUPEN”; “galzhaft – GALZ”), with a different affix 
(e.g., “umlaupen – LAUPEN”; “galzisch – GALZ”), with 
a non-morphemic letter sequence (e.g., “emlaupen 
– LAUPEN”; “galztern – GALZ”), and by combining 
an unrelated nonword with a non-morphemic letter 
sequence (e.g., “emliezen – LAUPEN”; “zelptern – 
GALZ”). 

At pre- and post-test each participant completed the 
prefixed and suffixed masked priming experiments. 
Within each set of materials, target order was 
randomized. To ensure that every child encountered 
each target and prime only once, four lists per 
condition were generated and counterbalanced 
across participants. The presented lists at pre-test 
were always different from the lists a child received 
at post-test. 

Targets were presented at the center of a laptop 
screen. Each trial started with a 500 ms forward mask 
of hash keys (########) followed by the prime (50 
ms) in lowercase and then the target in uppercase. 
The target remained present until a response had 
been made. The children were instructed to indicate 
as quickly and accurately as possible whether the 
presented target was a word or not by pressing either 
the “K” (yes) or “D” (no) button. 

Morpheme-Based Training

The administered morpheme-based spelling training 
was an adaptation of the computer-aided training 
program MORPHEUS (Kargl & Purgstaller, 2010). The 
training was provided in the classroom by two 
graduate students who were trained and supervised 
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by the developers of the program. At the start of the 
intervention, all participants received a folder in which 
they collected their weekly worksheets. Additionally, a 
quarter to a third of the time they worked on tablets 
with an especially designed app. The central aim of the 
program was to increase children's awareness of the 
morphological structure of words (prefix, stem, suffix) 
and thereby learn that words are often composed of 
familiar elements. The basic idea was to familiarize 
children with the correct spellings of a limited number 
of high-frequency morphemes, in order to enable 
them to correctly spell a multitude of morphologically 
complex words containing those morphemes (Bowers 
& Kirby, 2010; Scheerer-Neumann, 1979). 

The training phase lasted eight weeks. On two days 
each week altogether three training lessons (one 
double and one single lesson) were held during 
language lessons in school and children received 
materials for about one hour of homework per week. 
The progress was checked regularly by reviewing 
worksheets and controlling whether all previous 
chapters on the tablets were completed. Chapters 
with an accuracy rate of 75 % or lower were repeated. 
After the first half of the training there was a one-week 
break from school for all participating children. 

The training consisted of three levels, which were 
composed of overall 14 chapters (see online Appendix 
for exemplary tasks). Level one (chapters 1 and 2) 
introduced the concepts of word families and word 
classes (nouns, verbs, adjectives), including the 
spelling rule of capitalization for nouns. Children 
learned to identify words from the same word family 
(i.e., including the same stem) in a set of presented 
words and to build derived words by combining 
given prefixes, stems, and suffixes. First, they learned 
that nouns (referred to as “name words” in German – 
meaning that nouns often notify the name of objects) 
always start with an uppercase letter (e.g., “Tür”, 
“Freund”, “Haus” – Engl.: door, friend, house) and are 
often accompanied by an article (“die”, “der”, “das” 
– Engl.: the). Verbs describe what someone does 
and adjectives how someone/something is. Verbs 
and adjectives are not capitalized. Subsequently, 
the newly acquired knowledge was practiced by 
assigning different words to the corresponding word 
class. 

Level two (chapters 3 to 6) introduced word 
families with stems that involve variation of vowel 
pronunciation and spelling across word forms (e.g., 
“ich sprech-e – du sprich-st”; “Baum – Bäum-e” – 
Engl.: I speak – you speak; tree – trees).  Children also 
learned that certain suffixes (“-keit”, “-chen”, “-ung”, 
“-er”, “-erin”) always notify nouns. For example, when 
the adjective stem “dunkel” (Engl.: dark) is combined 
with the suffix “-heit” (Engl.: -ness) it becomes the 

noun “Dunkelheit” (Engl.: darkness) and must be 
capitalized. Tasks in these chapters were combining 
prefixes, stems, and/or suffixes into words, segmenting 
words into their constituent morphemes, identifying 
the stems in word forms with vowel change (“Bäume 
➝ Baum” – Engl.: trees ➝ tree) and memorizing high-
frequency morphemes by repeatedly reading given 
prefixes and stems.

Level three was by far the largest, consisting of 
chapters 7 to 13. Each of those chapters focused on 
word stems containing specific letter combinations 
that are frequently misspelt. These letter clusters 
typically concerned orthographic marking of vowel 
length (i.e., double consonants, “tz”, or “ck” following 
short vowels; “ß”, “ie”, silent “h”, or double vowels 
marking long vowels). Children practiced to identify 
vowels in word stems (but not those present in pre- 
or suffixes, e.g., “be-komm-en”; Engl.: get). The short 
vowel in this stem is marked by a subsequent double 
consonant and this orthographic pattern is consistent 
across all word forms including this stem, even when 
the next morpheme also starts with a consonant (e.g., 
“er kommt” – Engl.: he comes). Children also learned 
that certain suffixes (e.g., “-lich”) can be used as 
indicators for adjectives, which are not capitalized. 
Across chapters, children were familiarized with high 
frequency stems (including specific orthographic 
patterns) and used them to build and segment 
morphologically complex words, including inflectional 
and derivational processes involving pre- as well 
as suffixing of nouns, verbs and adjectives, and also 
compounding (e.g., “Spiel-platz” – Engl.: play-ground), 
which is highly productive in German. The overarching 
concept was to practice the principle of morpheme 
constancy exemplified by stems, pre- and suffixes with 
high frequency of occurrence. In Chapter 14 previously 
learned contents were recapped and revised. 

Business-as-usual control group

During the training period, the control group received 
standard German language lessons based on the 
workbook Karibu 2 (Eichmeyer et al., 2013). The 
dominant structural unit in this program is the syllable: 
Children are encouraged to segment polysyllabic 
words in German texts into syllabic units during reading 
and spelling. To practice spelling monosyllabic words 
ending in a stop consonant, which is always devoiced 
in German pronunciation, children were asked to 
extend words to make voiced consonants perceptible 
in intervocalic position (e.g., “Dieb – Diebe” – Engl.: thief 
– thieves). This strategy helps to identify if a syllable 
final consonant needs to be doubled, as double 
consonants are ambisyllabic between two vocalic 
syllable nuclei (e.g., “kommt – kommen” – Engl.: comes 
– come). This word extension strategy usually involves 
morphological processes (e.g., noun pluralization or 
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verb inflection), but is not explicitly alluded to children. 
The program contains some morphological aspects 
as required by the national curriculum: Children are 
taught the concept of “name words” (nouns) and that 
they are consistently spelt with a capital first letter. 
In the last third of the one-year program, children 
typically start building words in the context of verb 
inflection (e.g., “ich male, du malst, er malt” – Engl.: I 
paint, you paint, he paints). Even later in the program, 
the terminology “word family” is introduced for words 
including the same stem (for more details regarding 
the administration of Karibu 2 over the course of the 
school year see Eichmeyer & Zoltan, 2013). The Karibu 2 
program is supplemented by unspecific semantically 
structured language exercises (e.g., seasons or months 
of the year, the weather, emotions) that involve 
reading and writing short texts.

Results

Standardized Tests of Spelling and Reading. 

The main goal of our training was to improve children’s 
spelling skills. Earlier studies (Gebauer, Fink, Kargl, et al., 
2012; Weiss et al., 2010) had also demonstrated gains 
in reading. Thus, we first investigated whether the 
training was indeed able to induce specific gains in 
the standardized measures of spelling and reading. 
Pre- and post-test scores are displayed in Table 1. 
ANOVAs with time (pre-/post-test) as within-subjects 
factor and group (intervention/control) as between-
subjects factor were run in SPSS Statistics 26.0. 

Children in both groups showed improvements in their 
overall spelling skills (number of words spelt correctly) 
from pre- to post-test, F(1,85) = 47.10, p = < .001, ηp

2 = 
.357). Importantly, this improvement was larger in the 
training than in the control group, F(1,85) = 5.58, p = 
.020, ηp

2 = .062. There was no main effect of group, 
F(1,85) = 1.39, p = .240, ηp

2 = .016. Planned comparisons 
did not reveal group differences at pre-test, t(85) = 0.51, 
p = .611; d  = 0.11, or post-test, t(85) = 1.85, p = .067; d = 0.39.

Depending on the administered parallel form (A or B; 
SLRT-II) 54 % or 58 % of the words in the spelling test were 
morphologically complex in that they consisted of two 
or more morphemes. In order to get a more specific 
impression whether the improvements in spelling were 
directly related to morphological skills, we analysed the 
number of correctly spelt affixes and stems separately 
(see Table 1). For stems, we differentiated between 
morphological stems the spelling of which could be 
derived based on morphological information (e.g., 
“Bäume <- Baum” – Engl.: trees <- tree; A: 14 of 48 stems; 
B: 16 out of 49 stems) and orthographic stems, which 
had to be accessed from orthographic memory (e.g., 
“wohnen” – Engl.: to reside/to live; A: 34 out 48 stems; 
B: 33 out of 49 stems).

There was an interaction between type of stem, 
time and group, F(1,84) = 9.17, p = .003, ηp

2 = .098. 
Consequently, time and group effects regarding 
spelling of morphological and orthographic 
stems were analysed separately. Spelling of both, 
morphological and orthographic stems improved 
over time, morphological: F(1,84) = 41.98, p < .001, ηp

2 

= .333; orthographic: F(1,84) = 37.85, p < .001, ηp
2 = .311, 

but a group x time interaction was only observed for 
morphological stems, F(1,84) = 8.97, p = .004, ηp

2 = .096, 
and not orthographic stems, F(1,84) = 0.41, p = .526, 
ηp

2 = .005. There also was a main effect of group for 
morphological, F(1,84) = 5.81, p = .018, ηp

2 = .065, but 
not orthographic stems, F(1,84) = 0.46, p = .501, ηp

2 = 
.005. Planned comparisons on morphological stems 
confirmed that there were no group differences at 
pre-test, t(84) = 1.18, p = .242; d = 0.26, but at post-test the 
intervention group spelt more morphological stems 
correctly than the control group, t(84) = 3.15, p = .002; d 
= 0.69. No significant effects were observed for affixes 
(all ps > .05).

All three standardized reading measures indicated 
overall improvements from pre- to post-test (sentence 
reading: F(1,83) = 74.08, p < .001, ηp

2 = .472; word reading: 
F(1,88) = 112.28, p < .001 ηp

2 = .561; nonword reading: F(1,88) 
= 66.29, p < .001, ηp

2 = .430). However, no time x group 
interaction was observed for sentence reading, F(1,83) 
= 1.02, p = .316, ηp

2 = .012, and word reading, F(1,88) = .27, 
p = .603, ηp

2 = .003, and the time x group interaction 
for nonword reading, F(1,88) = 4.61, p = .034, ηp

2 = .050, 
was due to a larger improvement in the control than in 
the experimental group. The group effect was also not 
significant for any of the reading measures (sentence 
reading: F(1,83) = 2.13, p = .148, ηp

2 = .025; word reading: 
F(1,88) = 0.12, p = .729, ηp

2 = .001; nonword reading: F(1,88) 
= 0.09, p = .764, ηp

2 = .001). Thus, there was no evidence 
for training-related improvements in the standardized 
reading measures.

Reading of Morphologically Complex Stimuli 

Separate ANOVAs were run for the prefix- and the 
suffix conditions. Affix type (pseudo-/real affix) and 
time (pre-/post-test) were within-subjects factors and 
group (intervention/control) the between-subjects 
factor. Distributions were normalized by winsorizing 
scores more than 3 SDs above the mean to the 
reading time corresponding to 3 SDs above the mean 
(this affected only 10 scores altogether). Number of 
nonwords read correctly per minute and condition 
are displayed in Table 2. 

For the (pseudo-) prefixed lists there was a main effect 
of affix type, F(1,88) = 167.87, p < .001, ηp

2 = .656, as well 
as time, F(1,88) = 138.31, p < .001, ηp

2 = .611, but not group, 
F(1,88) = 0.04, p = .841, ηp

2 = .000. Stems with existing 
prefixes were read more efficiently than stems with 
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pseudo-prefixes (prefix: M = 33.58, SD = 14.39; pseudo-
prefix: M = 24.35, SD = 10.17) and both groups read 
more items per minute correctly after than before 
the training period (pre-test: M = 25.61, SD = 11.25; post-
test: M = 32.32, SD = 13.25). Importantly, there was an 
interaction affix type x time, F(1,88) = 17.49, p < .001, ηp

2 

= .166, and affix type x time x group, F(1,88) = 6.06, p 
= .016, ηp

2 = .064. Follow-up ANOVAs separately for the 
two groups revealed a significant affix type x time 
interaction for the intervention, F(1,48) = 25.88, p < .001, 
ηp

2 = .350, but not for the control group, F(1,40) = 1.26, p = 
.268, ηp

2 = .031., showing that from pre- to post-test, only 
the intervention group showed larger improvements 
for prefixed than pseudo-prefixed nonwords.

For the (pseudo-) suffixed lists we found main effects 
of affix type, F(1,88) = 76.79, p < .001, ηp

2 = .466, and 
time, F(1,88) = 86.16, p < .001, ηp

2 = .495, but not group, 
F(1,88) = 0.27, p = .605, ηp

2 = .003. There was a significant 
interaction affix type x time, F(1,88) = 5.10, p = .026, ηp

2 = 
.055, but no other interactions were significant (Fs (1,88) 
between 0.20 and 0.54, all ps > .1). Again, stems with 
existing suffixes were read more efficiently than stems 
with pseudo-suffixes (suffix: M = 22.84, SD = 9.78; pseudo-
suffix: M = 19.45, SD = 8.03), performance was better 
after than before the training (pre-test: M = 19.14, SD = 
8.21; post-test: M = 23.15, SD = 9.72), and improvements 
were larger for suffixed compared to pseudo-suffixed 
items. However, in the suffixed condition we did not 
see any evidence for effects directly related to the 
training. 

Morphological Awareness

Children showed better performance in the 
morphological awareness task during post- than 
pre-test, F(1,88) = 133.85, p < .001, ηp

2 = .603 (see Table 
2). However, there was no time x group interaction, 
F(1,88) = 0.00, p = .965, ηp

2 = .000, and no main effect 
group, F(1,88) = 0.01, p = .917, ηp

2 = .000. Thus, we have no 
evidence that the improvement in task performance 
was related to the morphological training. 

Masked Morphological Priming

Because this task turned out to be quite difficult for 
our young participants, we decided to exclude four 
children (one from the training and three from the 
control group) who were obviously still struggling with 
basic reading (percentile 10 or below on word reading 
during post-test). Children who performed at or below 
guessing rate (50 % accurate) in the lexical decision 
paradigm were also excluded (pre-test: one child 
each from the prefix and suffix condition; post-test: 
seven children from the prefix and six from the suffix 
condition). Three words from the suffix condition and 
two words from the prefix condition were excluded 
from analysis because of generally low accuracy 
rates. The analysis of response times (RTs) was based 
on correct responses on word targets. RTs below 300 
ms and above 7000 ms were excluded as we assumed 
that they resulted from task unrelated factors (2.34 % of 
correct responses). To meet the normality assumptions 

Table 1
Standardized Spelling and Reading Tests: Means and Standard Deviations for Pre- and Post-Test

Intervention Control    

Task Pre-test Post-test Pre-test Post-test Pre-test Post-test

M (SD) M (SD) M (SD) M (SD) Min|Max Min|Max

Spelling 17.85 (10.51) 23.14 (10.98) 16.74 (9.70) 19.32 (8.30)  1|42  3|44

Morphological stems 37.33 (21.26) 53.24 (24.17)  32.50 (15.40) 38.35 (18.23)   0.00|92.86  0.00|93.75

Orthographic stems 55.84 (22.75) 63.18 (21.42)  52.07 (19.67) 61.11 (18.32)   6.06|94.12  14.71|97.06

Affixes 79.60 (10.56) 79.23 (12.73) 76.02 (10.03) 74.46 (9.41)  36.67|100  51.72|100

Sentence reading 22.38 (7.09) 26.02 (8.76) 19.53 (7.46) 24.13 (7.58)  7|37  10|46

Word reading 42.12 (16.53) 49.86 (18.71) 40.46 (14.27) 49.00 (19.92)  13|80  11|98

Nonword reading 30.67 (9.36) 32.92 (10.08) 29.24 (9.53) 33.10 (10.92)  10|55  12|64

Note: Spelling: Number of correctly spelt words. Morphological stems, orthographic stems, affixes: % correctly spelt morphemes. Sentence 
reading: Read sentences in 3 minutes. Word and nonword reading: Number of read items in 1 minute.
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data-points with standardized residuals bigger than 
2.5 in absolute values were excluded (see Baayen, 
2008) and reactions times were transformed (-1/RT; 
see Kliegl et al., 2010).

Training effects in accuracy and RTs of the lexical 
decision task were analysed with (generalized) linear 
mixed-effects models using the statistic software R 
(R Core Team, 2019) with the packages lme4 (Bates 
et al., 2015), car (Fox & Weisberg, 2019) and lmerTest 
(Kuznetsova et al., 2017). Suffix and prefix conditions 
were analysed separately. Fixed factors were prime 
type (affixed word, affixed nonword, non-affixed 
nonword, unrelated), time (pre-/post-test), and group 
(intervention/control), subject and item were random 
factors. In order to find the optimal number of factors 
fixed factors and interactions were only included if 
they improved the model’s fit in a backward stepwise 
model selection procedure. 

Mean response accuracy was 89.79 % (SD = 30.27 
%) in the prefix and 89.64 % (SD = 30.47 %) in the 
suffix condition. Neither in the prefix, nor in the 
suffix condition main effects of time or group, or the 
interactions time x group or prime type x time x group 
were significant.

Mean RTs averaged across groups at pre- and post-
test are presented separately for prefix- and suffix 
conditions in Figures 1 and 2. Mean RTs separately for 
the intervention and control groups are presented in 
Figure 3 and 4.  In the prefix condition there was a main 
effect time, χ²(1) = 259.12, p < .001. Children were faster 
at post-test than pre-test. Prime type was marginally 
significant, χ²(3) = 7.25, p = .064. Post-hoc contrasts 

showed that the affixed word, z = 2.02, p = .044, and 
affixed nonword condition, z = 2.42, p = .016, but not 
the non-affixed nonword condition, z = 1.23, p = .219, 
differed from the unrelated condition. There was no 
difference between the affixed word and the affixed 
nonword condition, z = -0.41, p = .680, the affixed word 
and non-affixed nonword condition, z = 0.78, p = .434, 
and between the affixed nonword and non-affixed 
nonword condition, z = 1.19, p = .234. There was no 
main effect group but there was an interaction time x 
group, χ²(1) = 17.76, p < .001. The groups did not differ at 
pre-test, z = -0.06, p = .530, or post-test, z = 0.43, p = .665, 
but the decrease in reaction times was larger in the 
intervention than in the control group, i.: z = -16.09, p < 
.001 (265 ms) vs. c.: z = -8.28, p < .001 (180 ms). No other 
interactions were significant.

In the suffix condition we observed main effects of 
time, χ²(1) = 478.08, p < .001, and prime type, χ²(3) = 9.69, 
p = .021, with lower reaction times at post- than pre-
test. Post-hoc contrasts showed that the affixed word, 
z = -15.33, p < .001, but not the affixed nonword, z = 
1.56, p = .119, and the non-affixed nonword condition, 
z = 1.42, p = .155, differed from the unrelated condition. 
Again, there were no differences between the affixed 
word and affixed-nonword condition, z = 1.44, p = .150, 
the affixed word and the non-affixed nonword, z = 
1.59, p = .113, and the affixed nonword and the non-
affixed nonword condition, z = 1.42, p = .887. The group 
effect was not significant but there was an interaction 
time x group, χ²(1) = 30.84, p < .001. Like in the prefix 
condition there was a stronger decrease in overall RTs 
in the intervention than in the control group (300 vs. 
229 ms). There were no group differences at pre-test, 
z = -0.02, p = .985, and post-test, z = 1.32, p = .186, and 

Table 2
Reading of Morphological Complex Stimuli and Morphological Awareness: Means and Standard Deviations for 
Pre- and Post-Test

Intervention Control    

Task Pre-test Post-test Pre-test Post-test  Pre-test  Post-test

M (SD) M (SD) M  (SD) M (SD)  Min|Max  Min|Max

Prefix 28.71 (14.41) 39.11 (15.98) 29.64 (12.68) 36.39 (15.82)  6.58|72.00  9.62|84.71

Pseudo-prefix 21.68  (9.17) 26.61 (10.50) 21.72 (10.08) 27.08 (12.19)  4.64|51.43  4.62|62.61

    

Suffix 20.55 (9.34) 25.67 (11.24) 20.13 (8.35) 24.77 (11.08)  5.22|46.45  4.17|55.00

Pseudo-suffix 17.99 (8.15)
21.89  
(8.18)

17.50 (7.90) 20.26 (9.13)  5.75|40.00  3.33|47.50

    

Morphological awareness 12.37 (5.39) 17.06 (4.51) 12.29 (4.87) 16.95 (3.26)  2|23  5|24

Note: Reading lists: Numbers of correctly read nonword per minute (after winsorizing). Morphological awareness: Means and standard devia-
tions of correct responses.
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reaction times decreased in both groups, i.: z = -21.88, p 
< .001; c.: z = -12.04, p < .001. No other interactions were 
significant.

Figure 1
Reaction Times--- Prefix Condition

Note: Mean RTs (lexical decision task) averaged across groups at pre- 
and post-test. Each of the four bars represents the mean reaction time 
after “seeing” one out of the four possible masked primes (affixed 
word, affixed nonword, non-affixed nonword, unrelated). Error bars 
show standard errors.

Figure 2
Reaction Times--- Suffix Condition

Note: Mean RTs (lexical decision task) averaged across groups at pre- 
and post-test. Each of the four bars represents the mean reaction time 
after “seeing” one out of the four possible masked primes (affixed 
word, affixed nonword, non-affixed nonword, unrelated). Error bars 
show standard errors.

Figure 3
Reaction Times--- Prefix Condition

Note: Reaction times (lexical decision task) after a morpheme-based 
training or alternatively before and after eight weeks of regular 
German classes. Each of the four bars represents the averaged 
reaction time after “seeing” one out of the four possible masked 
primes (affixed word, affixed nonword, non-affixed nonword, 
unrelated). Error bars show standard errors.

Figure 4
Reaction Times--- Suffix Condition

Note: Reaction times (lexical decision task) after a morpheme-based 
training or alternatively before and after eight weeks of regular 
German classes. Each of the four bars represents the averaged 
reaction time after “seeing” one out of the four possible masked 
primes (affixed word, affixed nonword, non-affixed nonword, 
unrelated). Error bars show standard errors.

Discussion

Morpheme-based instruction programs have recently 
attracted an increasing amount of attention among 
researchers and practitioners (Allen & Lembke, 2020; 
Apel et al., 2013; Bowers & Bowers, 2017, 2018; Bowers et 
al., 2010; Gebauer, Fink, Filippini, et al., 2012; Goodwin & 
Ahn, 2013; Zhang & Zou, 2020). Explicit phonics-based 
instruction helps children to understand and apply the 
alphabetic principle of Indo-European orthographies 
(Ball & Blachman, 1988, 1991; Bus & van Ijzendoorn, 
1999; Ehri et al., 2001; Fischer & Pfost, 2015). More 
recently, it has been proposed that explicit training 
of morphological knowledge may support children’s 
reading development (Arnbak & Elbro, 2000; Bowers & 
Bowers, 2017; Bowers & Kirby, 2010). Crucially, in many 
orthographies the morphological principle tends to 
overrule the alphabetic principle. 

The current study investigated the efficiency of a 
morpheme-based instruction in German-speaking 
second-graders and expanded the research literature 
in several ways. First, the vast majority of training 
studies published in international scientific journals 
were carried out in the phonologically opaque English 
orthography and only very few studies focused on 
more transparent orthographies like German (Kargl 
et al., 2008; Schneeberger et al., 2011; Walter et al., 
2007; Weiss et al., 2010). German orthography is more 
consistent than English, and is also characterized 
by a richer morphology and strong reliance on 
morphological knowledge within the spelling system. 
Second, while several studies have demonstrated 
the efficiency of morpheme-based interventions for 
older German children (Gebauer, Fink, Filippini, et al., 
2012; Gebauer, Fink, Kargl, et al., 2012; Kargl et al., 2008; 
Schneeberger et al., 2011; Walter et al., 2007; Weiss et 
al., 2010), we investigated if children in Grade 2, who 
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typically receive a largely phonics-based teaching 
approach, would also benefit from explicit morphemic 
instruction. 

An important further aim of our study was to investigate 
if the intervention program would more generally boost 
children’s spelling or reading skills. As morphological 
interventions in school-aged children typically involve 
the reading and spelling of morphemes and words, it 
is possible that training effects are caused by memory 
effects. That is, children may memorise the trained 
words and word parts and use this knowledge during 
written language processing. Training effects would 
then be evident due to the fact that the word material 
used during training overlaps with that occurring in 
pre- and post-test.

Training Effects on Spelling and Reading 

The first important finding was that second-graders 
who received eight weeks of morpheme-based 
instruction showed significantly stronger improvements 
in spelling than children who received the business-
as-usual teaching. Note that the morpheme-based 
training was provided as part of children's language 
classes, so the amount of teaching was comparable 
between the two groups. In contrast, the standard 
Grade 2 curriculum in Austria is more strongly focused 
on phoneme segmentation and blending. This finding 
thus extends earlier research on morphological 
intervention in older German students (Schneeberger 
et al., 2011; Walter et al., 2007). It further suggests 
that children as young as Grade 2 can profit from 
morphologically structured spelling instruction in 
a phonologically transparent orthography (for 
converging evidence from English, see Bowers et al., 
2010; Goodwin & Ahn, 2013). 

A more fine-grained analysis of the spelling results 
showed that the larger improvement in the training 
group was mostly related to more accurate spellings of 
word stems for which morphological information was 
helpful. Our data suggest that the intervention helped 
children to understand the principle of morpheme 
constancy. Orthographic stems, the spelling of which 
must be fully memorized (e.g. that the word form 
“wohnt” is spelt with a so-called “silent h” because all 
words containing the stem “wohn-” – Engl.: to reside, 
are spelt that way), did not show a training-specific 
improvement. Moreover, affix spellings did not improve 
from pre- to post-test, probably because the test 
contained mostly phonologically simple affixes, which 
were already spelt correctly at pre-test. 

For reading, we also saw significant improvements 
from pre- to post-test. However, the improvements in 
the training group were not larger than those in the 
control group. Earlier evaluations of morphological 
intervention on older German speaking students 

reported mixed effects on reading. Some studies 
reported training effects on sentence reading 
efficiency and comprehension, but only compared 
to control groups not receiving any intervention 
(Gebauer, Fink, Kargl, et al., 2012; Weiss et al., 2010), while 
others failed to replicate training effects on reading 
(Gebauer, Fink, Filippini, et al., 2012; Schneeberger et 
al., 2011). Since the focus of the current intervention 
was on spelling, the absence of a training effect on 
reading was less surprising. The finding that nonword 
reading improved more in the control than in the 
training group is likely due to the phonics-oriented 
instruction these children received during the training 
period. While children in the intervention group were 
instructed to use their morphological knowledge 
during spelling and reading, children in the control 
group practiced sounding out and blending 
phonemes, which seemed to particularly benefit their 
nonword reading efficiency. Thus, our findings provide 
tentative evidence that phonics-based teaching 
more effectively builds phonological decoding skills 
than a morpheme-based instruction. 

For the two standardized word reading measures 
(silent sentence reading and oral word reading 
fluency), both teaching approaches were equally 
efficient. However, these reading measures were 
not specifically designed to test for morpheme-
based reading strategies. They probably required 
a mix of phoneme-, morpheme-, and word-based 
strategies and may not be sufficiently sensitive to 
specific improvements in either of these strategies. In 
the morpheme-based reading tasks, we contrasted 
conditions in which an existing stem was combined 
with a real pre- or suffix or with a matched letter cluster 
that did not correspond to a morpheme. An impact of 
morphology on reading was directly evident in these 
tasks as all children found it easier to read the affixed 
compared to the matched pseudo-affixed condition, 
and both groups showed stronger improvements 
from pre- to post-test in the affixed compared to the 
pseudo-affixed conditions. Interestingly, the results 
revealed a specific training-related improvement 
in this task: In the prefix condition, the difference in 
improvement between prefixed and pseudo-prefixed 
conditions was larger in the intervention than the 
control group. We did not see such a specific training-
related change in the suffix condition, where both 
groups showed comparable training effects across 
conditions (suffixed and pseudo-suffixed). It is possible 
that the position of suffixes at the end of items was less 
prominent for children processing words in a left-to-
right fashion. The finding of a specific, training related 
effect on prefixes, is, however, promising.

Training Effects on Morphological Awareness

A standard morphological awareness task in 
which children had to adapt word forms to a given 
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sentence was used to assess training effects on 
explicit morphological knowledge. While both groups 
performed clearly better during post- than pre-test, 
we did not see any evidence for intervention-related 
improvements. There are several reasons for the 
absence of an intervention effect on morphological 
awareness. First, the control group received some 
degree of morphological training as part of their 
language classes (even though this was not a specific 
focus). It is possible that this input was already 
sufficient to build their morphological awareness 
skills to a similar extent as the training group. Second, 
during training, only existing, high-frequency stems 
were combined with existing affixes, while in the 
morphological awareness task, pseudo-stems were 
used, which were (obviously) not in children´s lexicon. 
It is possible that these pseudo-stems confused our 
relatively young participants. It should also be noted 
that our morphological awareness task was adapted 
from a written version for older students (TMB; Kargl 
et al., 2006). Indeed, an earlier study with poor and 
typical readers in Grades 3 to 8 reported larger 
improvements in training compared to control groups 
(Kargl et al., 2008) for the written form of the same task. 
In the current study, we used a spoken version of the 
task as children´s spelling skills were probably not yet 
sufficiently developed for the written version. It is not 
clear if the verbal task version was sufficiently sensitive 
to capture changes in morphological awareness. 

Training Effects on Morphological Processing

For the first time, we included a masked priming 
paradigm to investigate children’s morphological 
segmentation skills during written language processing. 
Two findings are particularly important. First, we 
observed an overall larger improvement in visual word 
recognition speed in the intervention compared to 
the control group, suggesting that students became 
more proficient at rapidly identifying printed words. 
Second, there was no evidence for training related 
changes in priming patterns that would indicate a 
boost in children’s morphological processing skills. It is 
possible, that the masked priming paradigm was not 
sufficiently sensitive to capture small effect changes 
after an eight-week training period. More intensive, 
longer-term training may be required to induce more 
robust changes. The present findings suggest that 
the MORPHEUS intervention program did not elicit 
any changes in children’s automatic morphological 
segmentation processes. However, the program 
did provide a boost to participants’ overall word 
recognition speed. 

Despite the absence of a training effect on masked 
priming, the observed priming effects shed light on how 
young readers decompose morphologically complex 
stimuli into their morphemic constituents during 

reading. Significant priming effects in the two prefixed 
conditions suggest that children rapidly decomposed 
letter strings into prefix + stem, regardless of whether 
the morpheme combinations formed a real word (e.g., 
“mitdenken – DENKEN” – Engl.: think along – THINK) or 
a nonword (e.g., “hindenken – DENKEN” – Engl.: think 
towards – THINK). If the stem occurred in combination 
with a non-morphemic unit, priming effects were 
not observed (e.g., “kardenken – DENKEN”; Engl.: 
karthink – THINK). This pattern is similar to findings in 
skilled readers (Beyersmann, Ziegler, et al., 2016; Rastle 
& Davis, 2008; Rastle et al., 2004) who seemingly 
decompose words into their components by rapidly 
and automatically “stripping off” any orthographic 
string that resembles an affix, therefore also referred 
to as affix-stripping (Traft & Forster, 1975). In the suffix 
condition, however, only primes with a semantic 
relation to the target (word primes) induced priming 
effects. This pattern is different from other studies 
with children (Beyersmann, Grainger, et al., 2015; 
Beyersmann et al., 2021; Hasenäcker et al., 2016, 2020) 
and is suggestive of whole word processing (Giraudo & 
Grainger, 2001). These differences in priming patterns 
may be due to inherent differences of prefixes and 
suffixes regarding their semantic information. While 
manipulating both prefixes and suffixes can change 
the meaning of a word entirely, several prefixes like 
those used in this study (“auf-”, “mit-”, “ab-”, “an-”) can 
occur as separate prepositions and carry meaning on 
their own. Suffixes on the other hand need a stem to 
convey meaning (e.g., “-ly” typically marks an adverb). 
Therefore, prefixes have been described as having a 
quasi-lexical status (Beyersmann, Ziegler, & Grainger, 
2015). In addition, if processing follows the reading 
direction (left to right), prefixes, at the beginning of a 
word, might be processed and detached first. Suffixes 
would only be detectable after stem identification. Our 
findings suggest that morphological processing may 
not strictly follow a whole-word-then-segmentation 
route or vice versa but rather allows for the parallel 
processing of whole words and morphemes. This 
would be in line with Grainger and Beyersmann’s 
(2017) framework of a multiple-route model of word 
processing. Grainger’s and Beyersmann’s theoretical 
framework builds on the idea that embedded stems 
and also affixes can be activated via an entirely non-
morphological process, with direct mappings from 
orthography to the lexical level (see also, Beyersmann 
et al., 2019).

The exact processes involved in and developmental 
trajectories of morphological priming should be 
subject to future research. In any case, the here 
reported morphological priming effects demonstrate 
that children as young as Grade 2 already make use 
of the structure inherent in morphologically complex 
words. 
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Limitations

One limitation of our study is that it was not possible 
to randomly assign students to the experimental or 
control groups, because the training was delivered as 
part of children’s language classes. For administrative 
reasons, we also decided against random assignment 
of classrooms. The classrooms that received the 
intervention were selected so that they were 
reachable for the two graduate students who carried 
out the teaching lessons.

A further limitation is that the business-as-usual control 
group also received some degree of morpheme-
based instruction, which corresponded to the Grade 
2 curriculum. The capitalization rule of German 
orthography is morpheme-based (all nouns are 
capitalized), such that the recognizing “name words” 
has always been part of the early spelling curriculum. 
Word building and word family exercises, such as 
recognizing the identical stem in word families, 
occurred occasionally in the control group, while it was 
the central focus within the morphology-intervention 
group. Thus, the two groups clearly differed in the 
amount of morpheme-based input. Note that we 
found more marked training effects on spelling in 
spite of the (reduced) occurrence of morphological 
instruction in the control group. As argued earlier, 
it is possible that the minimal morpheme-based 
input in the control group was sufficient to induce 
improvements in morphological processing similar to 
the trainings group, thus explaining the lack of group 
differences in these tasks. It is also possible that the 
eight-week training period was too short to reveal 
effects on morphological processing. More extensive 
training may be necessary to fully benefit from the 
morpheme-intervention program. Finally, it would have 
been interesting to carry out a follow-up assessment 
one or two months after the end of the intervention 
in order to test for long-term effects. Unfortunately, 
the time-line of the project and the academic year 
prevented such an additional assessment.

Conclusions

The current study showed significant training-related 
improvements in orthographic spelling as well as in 
oral reading of morphologically complex words. These 
findings suggest that the MORPHEUS intervention 
program led to an overall boost in children’s 
orthographic knowledge. At the same time, we were 
unable to provide direct evidence of training-related 
changes to children´s explicit or implicit morphological 
processing skills. This may be due to methodological 
limitations of our tasks and study design, but it is also 
possible that the improvements in spelling and reading 
were not induced by improvements in morphological 
processing, but rather by more general factors like 
gaining knowledge on frequent letter patterns or 

orthographic learning of individual words rather than 
morphemes.
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Appendix
Examples for Training Tasks (Tablet and Paper-Pencil Tasks)

Figure 1A
Level 1: Identifying Words From the Same Word Family (Tablet).

Note: Children place each word in a specific box, depending on the stem morpheme, e.g., lesen, vorlesen,Leser (Engl.: to read, read to 

sb., reader) are placed into the box for the stem morpheme LES.

Figure 2A
Level 1: Assigning Different Words to the Corresponding Word Class (Paper-Pencil Task).

Note: Presented words are written into the corresponding row: noun (Namenwort, Engl.: name word; e.g., der Tag – Engl.: the day), verb 

(Tunwort, Engl. do-word; e.g., lese – Engl.: read) or adjective (Wiewort, Engl: how-word; e.g., rot – Engl.: red).

Figure 3A
Level 2: Combining Prefixes and Words Into Derived Words  (Paper-Pencil Task).

Note: The stem morpheme at the beginning of the line can be combined with each of the prefixes along the line, e.g., bleiben - 

aufbleiben, überbleiben … (Engl.: to stay – stay awake, remain …).
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Figure 4A
Level 3: Sorting Words According to Stem + Identifying (Short) Vowels Followed by Double Consonant (Paper-
Pencil Task).

Figure 5A
Level 3: Assembling Morphemes (Tablet).

Note: A prefix (ge), stem (fress) and suffix (en) need to be tapped in the right order to build a morphologically complex word (gefressen; 

Engl.: eaten).

Figure 6A
Level 3: Segmenting Morphologically Complex Words Into Prefix, Stem, and Suffix (Paper-Pencil Task).
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Figure 7A
Level 3: Compounding (Paper-Pencil Task).

Note: Stems are combined into compounds and written down (e.g., Zahnbürste, Zahnarzt, …; Engl.: toothbrush, dentist, …), each 

containing the noun Zahn (Engl.: tooth).

Figure 8A
Level 3. Morpheme Constancy (Paper-Pencil Task).

Note: Children practice to combine and correctly spell words in which the prefix ends and the stem starts with the same letter.


