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aDepartment of Psychology, Åbo Akademi University, Turku, Finland; bDepartment of Psychology 
and Speech-Language Pathology, University of Turku, Turku, Finland; cMultiLing Center for 
Multilingualism in Society across the Lifespan, University of Oslo, Oslo, Norway; dDepartment of 
Speech and Language Pathology, Åbo Akademi University, Turku, Finland

ABSTRACT
The rich inflectional grammar of Finnish is often considered 
a challenge for second language (L2) learners. However, the 
inflectional variation is based on relatively systematic mor-
phological and morphophonological rules. Smartphone 
applications could offer an effective way to train these rules 
by utilizing adaptive spaced repetition exercises. Currently 
there is little research on morphology learning via Mobile 
Assisted Language Learning (MALL) applications in morpho-
logically rich languages. The present study introduces a 
newly developed Finnish Morphology Application (FMA) that 
aims to teach beginner-level Finnish morphology. In a ran-
domized controlled trial, the test group participants (n = 33) 
practiced Finnish morphology with the FMA during a 
three-week period, and their improvements were compared 
to those of an active control group using a general Finnish 
language learning application (n = 38). The practiced mor-
phological operations comprised transparent and semi- 
transparent inflections. Pre- and posttests included a visual 
lexical decision task and a morphological production task. In 
comparison to the control group, the FMA group improved 
substantially in written morphological production skills, 
especially in transparent inflections. In visual lexical decision 
task, there was an improvement in accuracy for trained 
words in the FMA group, but this improvement applied to 
both transparent and semi-transparent inflections as well as 
monomorphemic nouns. In reaction times, there were no 
differences between the groups. Self-ratings of perceived 
efficacy of the FMA regarding grammar and vocabulary var-
ied from neutral to positive. The results suggest that the 
FMA is particularly useful for learning inflectional production 
skills in Finnish by adult beginner level learners but can also 
be used to train word recognition.
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Introduction

Mobile Assisted Language Learning (MALL) refers to educational usage 
of mobile technologies (i.e. smartphones and tablets) in language instruc-
tion. In the past 15 years, MALL efficacy has been extensively studied. 
While the results are promising, most studies have focused either on 
vocabulary learning or on reading and writing, and have been primarily 
conducted in English as a second language (Chen et  al., 2020; Lin & Lin, 
2019; Sung et  al., 2015). Studies concerning grammar learning are fewer, 
especially in morphologically rich languages. The Finnish language is 
characterized by vast inflectional grammar, which is often considered a 
challenge for second language (L2) learners. In the current study, we 
investigated whether using a prototype of a newly developed Finnish 
Morphology Application (hereafter referred to as FMA) improved the 
acquisition of inflectional morphology in Finnish L2 learners.

Finnish morphology

Finnish is considered a morphologically rich language, as most grammati-
cal relations are expressed via adding suffixes to a word stem (e.g. talo: 
talo + ssa ‘house: in a house’). One of the greatest challenges in Finnish is 
related to the correct use of morphosyntax, i.e. which grammatical cases 
can be used in specific syntactic positions or roles (Martin, 1995). This 
morphosyntactic challenge is also present for English (see Goldschneider 
& DeKeyser, 2001, for a review on grammatical morpheme acquisition of 
L2 English speakers; Hopp, 2020; Jensen et  al., 2020), but is amplified in 
Finnish by its complex case system. To illustrate, whereas English expresses 
locational relations through prepositions, Finnish uses inflectional case 
endings for the same purpose (see Table 1). For instance, the Finnish 
translation of the English sentence ‘the cat goes onto the table’ is ‘kissa(THE 

CAT) menee(GOES) pöydä+lle(ONTO THE TABLE)’, where the verb ‘go’ requires the 
allative case ending for the noun ‘table’. Similarly, a sentence like ‘the cat 
comes from the table’ translates into ‘kissa(THE CAT) tulee(COMES) 

Table 1.  Locative cases in Finnish and examples of transparent and semi-transparent 
inflections.

Domain Case
Transparent 

inflection (no CG)

Semi-transparent 
inflection 

(quantitative CG)

Semi-transparent 
inflection (qualitative 

CG)
Grammatical 

Function

Nominative sohva, ‘sofa’ laatikko, ‘box’ pata, ‘casserole’
Internal Inessive sohva + ssa laatiko + ssa pada + ssa ‘in’

Elative sohva + sta laatiko + sta pada + sta ‘out of’
Illative sohva + an laatikko + on pata + an ‘into’

External Adessive sohva + lla laatiko + lla pada + lla ‘on’
Ablative sohva + lta laatiko + lta pada + lta ‘off’
Allative sohva + lle laatiko + lle pada + lle ‘onto’

Notes. CG = consonant gradation.
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pöydä+ltä(FROM THE TABLE)’, with the verb ‘come’ requiring the ablative case 
for the noun ‘table’. In Finnish second language education, inflectional 
morphology is considered as part of grammar, as all inflected forms carry 
grammatical information (Karlsson, 2002). In the current study, we focus 
on locative cases, which are used to express a location of an object or 
direction of an action. They can be divided into internal and external 
domains, depending on where the object is or action takes place. The gen-
eral rule is that when an object is inside or an action takes place inside, 
e.g. a building, the internal locatives are used (e.g. in a house, out of a 
house, into a house). When the object is or action takes place in outer 
spaces, e.g. in the open air, or on top of something, the external locatives 
are used (e.g. on a table, off a table, onto a table).

Another focus of the current study and challenge for Finnish L2 
speakers is related to morphophonology. Morphophonology is a term 
that refers to phonological alterations in morphemes when they are com-
bined with other morphemes, resulting in allomorphs. Allomorphs of a 
morpheme share the same grammatical meaning but have different 
orthograpic and phonological representations. Consonant gradation (CG) 
is a prevalent morphophonological feature in Finnish that may reduce 
the transparency of the bound stem. CG changes the stem phonemes/ k, 
p, t/ in the final syllable of a word, when they are preceded by a vowel 
or a voiced consonant/l, m, n, r, h/. The changes can be quantitative or 
qualitative (Table 1). CG is a relatively common phenomenon in the 
Finnish language: of the 1000 most common words in the frequency 
vocabulary, almost one-third are subject to CG (VISK, 2004: § 41). For 
the sake of clarity, the CG-inflections are subsequently referred to as 
semi-transparent inflections, as opposed to transparent inflections, where 
the bound stem does not change.

While the Finnish language is characterized by complex inflectional 
grammar, it is worth noting that the variation is based on systematic 
morphological and morphophonological rules (Karlsson, 2002; Martin, 
1995). However, the number of the grammatical rules is large, which 
makes the learning process often laborious. Therefore, the possibility to 
use MALL can make an important contribution to automatize morpho-
logical rules for an L2 speaker. Hence, we developed the FMA, a novel 
mobile application that aims to teach rules to form transparent and 
semi-transparent Finnish locative inflections and how to use them in dif-
ferent syntactic positions and roles.

MALL effects in L2 grammar

Several studies have demonstrated the benefits of integrating MALL into 
classroom teaching for grammar learning. However, there is only one 



4 R. SALMELA ET AL.

MALL study of which we are aware that focuses directly on learning 
morphology in morphologically rich languages (Eryiğit et  al., 2023). This 
study introduced a gamified application (İTÜRK; Eryigit, 2022) for learn-
ing complex morphology of Turkish. The instructed topics in the appli-
cation were plurality, possession, noun cases and verb tenses. After a 
three-week training period, the application was qualified as being effec-
tive and positively perceived by the L2 students. The findings were based 
on self-reported data and the experimental design was non-controlled. 
The authors expressed the intention to conduct a larger study to evaluate 
the learning outcomes and compare the efficacy of the app to other 
existing language learning apps.

Other grammar studies in MALL have used languages characterized 
by relatively simple morphology, such as English and Spanish. These 
studies have consistently shown promising results. Wang et  al. (2021) 
found that a personalized mobile-assisted learning environment signifi-
cantly facilitated learning grammar in English as a foreign language for 
high school students in China. The instructed grammar rules included 
tense, mood, different types of clauses and direct/indirect statements. 
An experimental group and a passive control group both used the sys-
tem for one semester, whereby the experimental group had full access 
to the learning environment and used it freely to learn grammar, while 
the control group could use it only to submit weekly grammar assign-
ments. The results showed that at posttest, the experimental group 
obtained significantly higher English grammar test scores than the 
control group.

Similarly, Li and Hegelheimer (2013) designed a mobile application, 
Grammar Clinic, that supports learning grammar in English as a second 
language. Their training (16 wk) consisted of identifying and correcting 
various sentence-level errors in the texts. The participants took a pre- 
and posttest, which measured performance in similar tasks. The results 
showed that their posttest scores were significantly better than the pretest 
scores. Similar findings have been reported in other studies, both employ-
ing controlled designs (Chu et  al., 2019; Ghorbani et  al., 2020, for L2 
English) and non-controlled designs (Castañeda & Cho, 2016, for L2 
Spanish). Rachels and Rockinson-Szapkiw (2018) investigated the impact 
of Duolingo® on Spanish language achievement and academic self-efficacy 
of third and fourth grade students, the analysis revealed no significant 
difference between groups who used the application and who received 
only traditional instruction. The authors point out the possibility that the 
absence of random group allocation could be a contributing factor to the 
lack of observed differences.

In addition to MALL studies, there is a large body of studies in gram-
mar learning via Computer Assisted Language Learning (CALL), which 
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encompasses a wider range of computer-based technologies than MALL. 
Similar to MALL studies, CALL studies have reported positive outcomes 
for learning various aspects of grammar in English (AbuSeileek, 2009; 
Kılıçkaya, 2015; Kruk, 2015; Lucas, 2020; Naba’h et  al., 2009; Reynolds & 
Kao, 2021, Torlaković, & Deugo, 2004), Spanish (Collentine & Collentine, 
2015), and Dutch (Penning de Vries et al., 2020). The studies were mostly 
concerned with syntactic and semantic aspects of grammar, such as pas-
sive voice, grammatical tenses, plural marking, and adverbs. None of the 
studies explicitly focused on learning of morphology.

Generally, it has been recognized that while the results are promising, 
additional empirical studies with more rigorous research designs (ran-
domized controlled trials) are called for to comprehensively investigate 
and compare the effectiveness of CALL with traditional instructional 
methods (Cerezo et al., 2014; Grgurović et al., 2013). Overall, the reported 
results provide evidence supporting the potential usefulness of mobile 
devices in grammar teaching and learning. However, there are two gaps 
in this field. First, most MALL studies related to learning of grammar 
are conducted in English; second, few studies explicitly focus on learning 
of morphology through MALL. The current study addresses these issues 
by investigating learning of morphology through MALL in a language 
rich in morphology, Finnish.

FMA

FMA is a smartphone application developed by researchers at Åbo 
Akademi University and the University of Turku. The aim of the appli-
cation is to teach beginner level Finnish language learners to produce 
transparent and semi-transparent inflections and use them in a sentence 
context. It consists of 81 word items that are practiced in nominative and 
inflected forms. Each item is presented with an audio cue and an image 
illustrating the item. The learner’s task is to correctly identify what is 
shown in the image, for example, ‘What is this?’ → ‘This is a cat’ or 
inflect it, ‘Where is the cat?’ → ‘The cat is in the basket’, or → ‘The cat 
is on the table’ (See Figure 1). The items of the FMA are distributed 
over 7 study modules: 4 vocabulary modules and 3 grammar modules. 
Vocabulary modules are presented before the respective grammar mod-
ules, in which the participants are asked to inflect the words from the 
vocabulary modules and use them correctly in a sentence context.

The items are practiced in three conditions: nominative (e.g. kissa, ‘cat’), 
transparent inflections (e.g. metsä: metsästä, ‘from the forest’) and 
semi-transparent inflections (e.g. laatikko: laatikossa; ‘in a box’). Each con-
dition is practiced in its own study module. To complete the training pro-
gram, the learner must complete 141 exercises for the nominative and 145 
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exercises for the inflection modules. The transparent inflections are divided 
into two separate modules, i.e. internal (53 items), external (39 items), and 
semi-transparent inflections are presented in a separate module (53 items). 
After each module, there is a short test. After this, the application starts 
to repeat the most difficult modules based on registered reaction times 
and accuracy for each item (for details, see the section adaptive spacing).

The items are concrete everyday Finnish words, such as cat, car, or 
table. In case the learner does not know the right answer merely by 
looking at the image, they can use an audio cue (‘speaker’ icon) or a 
written cue (‘question mark’ icon). By tapping the speaker icon, the 
learner hears the correct answer. The help button provides the learner 
with the right answer in written form. Thus, it is not possible to get 
stuck in a certain exercise. For the test section, the question mark or 
speaker icon are not enabled, and the test repeatedly prompts the test 
items until the learner gives a correct answer. The application is mono-
lingually Finnish, as not all Finnish L2 learners are familiar with English.

Spaced repetition
As a learning method, the FMA utilizes spaced repetition, which has 
proven to be beneficial to enhance learning, also in the second language 

Figure 1.  An example of three grammatical conditions that are trained in the FMA. Conditions 
from left to right: (1) nominative: ‘This is a cat (kissa)’; (2) transparent inflection: ‘The cat is 
in the basket (kori: korissa)’; (3) semi-transparent inflection: ‘The cat is on the table (pöytä: 
pöydällä)’.
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(Kim & Webb, 2022). Spaced repetition refers to repetition of study 
material with temporal gaps between the repetitions; in other words, the 
learning sessions are spread over longer periods of time, as opposed to 
massed repetition, where the same amount of study material is practiced 
multiple times over a short period of time (see e.g. Kim et  al., 2019; 
Kim & Webb, 2022; Metzler-Baddeley & Baddeley, 2009). Spaced repe-
tition to improve subsequent retrieval has been extensively studied, and 
its efficiency has been demonstrated both in laboratory settings (Cepeda 
et  al. 2008), clinical interventions (Balota et  al., 2006; Green et  al., 
2014), and classroom teaching (Kapler et  al., 2015; Sobel et  al., 2011). 
In the FMA, spaced repetition is used to repeat the most challenging 
exercises for each learner based on their performance in the previous 
attempt.

Adaptive spacing
Several studies suggest that the perceived item difficulty and the overall 
study time available affect how much time learners allocate to studying 
a certain item (see e.g. Metcalfe & Kornell, 2003; Son & Metcalfe, 2000). 
Adaptive spacing takes this into account by focusing on items that an 
individual struggles with the most and adjusts the spacing delays between 
trials accordingly. Adaptive spacing has been shown to produce signifi-
cantly higher immediate and delayed recall rates than random spacing 
(Metzler-Baddeley & Baddeley, 2009). Adaptive spacing has also been 
implemented in the FMA by using item reaction times and accuracy in 
conjunction with elapsed time as an indicator of item stability. The for-
getting curve of Ebbinghaus is used here to quantify the decay rate of a 
studied item (Ebbinghaus, 1885/1964). In other words, the retrievability 
of a given item decreases exponentially as a function of stability. In prac-
tice this means that when starting a new session in the FMA, the least 
stable items will be presented again, making the spaced repetition method 
adaptive for each learner.

Test effect
According to several studies, the mere act of taking a test enhances the 
learning outcome and retrieval success, sometimes even more than pas-
sive studying or repetition (e.g. Roediger & Karpicke, 2006). This is 
referred to as a testing effect. The FMA utilizes the test effect by pre-
senting a small test after each study unit. The test module is otherwise 
identical to study modules, but it has no option to use auditory or writ-
ten cues. The test is a pass/fail test where the participant needs to get all 
answers correct before continuing to the following modules. After each 
item, the correct response is presented to the learner.



8 R. SALMELA ET AL.

Theoretical underpinning

The theoretical underpinning of the FMA builds upon usage-based lan-
guage models of language (UBL), which suggest that a language is learned 
implicitly by encountering it in different usage contexts (Eskildsen, 2009; 
Tomasello, 2009). The major concept of usage-based approaches regard-
ing this study is exemplar-based learning (Ellis & Wulff, 2015; Javadi & 
Kazemirad, 2020) which posits that ‘whenever the learner encounters an 
exemplar of a construction, the language system starts to compare this 
exemplar with previous encounters of the same or similar exemplar in 
order to retrieve the correct interpretation. Based on exemplar theory, 
constructions emerge over time as the learner’s language system, and this 
system processes exemplar after exemplar, identifies the existing regular-
ities and then makes the corresponding abstractions’ (Javadi & Kazemirad, 
2020, p. 475). The FMA aligns with this framework as the morphosyntax 
is trained without explicit grammar instruction. Instead, the learner 
grasps new grammatical units from the cloze-tasks, by trial and error 
creates linguistic analogies of these forms, and finally starts to produce 
new expressions based on these analogies. In other words, the learning 
takes place by identifying the regularities in the exemplars.

Technology component

The FMA is embedded as a native application for iOS and Android plat-
forms. It is available for free in app stores currently by the project name 
LexLearn. Following download, the user can access the FMA after authen-
tication with an email address and a password. Initially, users are pre-
sented with a list of study modules, with only the first module enabled at 
the start. Subsequent modules become accessible sequentially as users suc-
cessfully complete each preceding study module and test module. When 
the entire list of study modules is completed, the FMA starts to use the 
sampled data from participants’ onset typing times and accuracy for each 
item, re-activating the most challenging modules and/or items that were 
trained the longest time ago. The user interface (UI) is presented in Figure 
2. For the functionalities of the interactive elements in each cloze-task 
exercise, see Figure 3. During the user interaction, the FMA registers the 
completed units and modules and provides a timestamp for each of these 
sequence events in a password-secured database. In addition, the system 
stores data related to onset typing times and users’ responses for each item.

The current study

The aim of the present study was to develop a Finnish morphology 
application and test its effectiveness in L2 learning of morphology (i.e. 
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transparent and semi-transparent inflections) at the receptive and pro-
ductive level. Based on previous mobile-assisted grammar learning and 
adaptive training studies, our hypothesis was that training with the FMA 

Figure 2. T he user interface of the study modules 1–7 and test sections in the FMA. After 
logging in (Pane 1), the user starts from the module 1 (Pane 2). After completing the study 
module 1, (Pane 3), they will be directed to the test section (Pane 4). After passing the test 
section, the user will be redirected to navigation menu and the next module will be acti-
vated (Pane 2).

Figure 3.  Functionalities of the interactive elements in a cloze-task exercise.
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will improve Finnish L2 speakers’ morphological skills, particularly in 
production, which is explicitly practiced in the application, but also in 
receptive skills, as they were also practiced by reading self-written words.

Method

Participants

A total of 173 participants were recruited from Finnish L2 institutions in 
the Turku region of Finland. The participants were non-native beginner 
level Finnish learners. The data were collected in four rounds: October 
2019, March 2020, October 2021, and March 2022. Of the 173 enrolled 
participants, 53 terminated the study prior to pretest and 29 withdrew 
during the training period. Of the remaining 91 participants, 20 partici-
pants were excluded for one of the following reasons: a diagnosed lan-
guage disorder (n = 2), inactivity during the training period (n = 13, 
reported training less than 15 min per day), or not appearing at the 
posttest (n = 5). Thus, the final sample consisted of 71 participants (45 
females and 26 males). We collected background information regarding 
age, gender, exposure to Finnish, education level, motivation to learn 
Finnish, motivation to use MALL, and mobile-use acceptance. Based on 
these factors, we formed two groups, i.e. experimental group training 
morphology with the FMA, and an active control group, using an alter-
native Finnish language learning application without a specific focus on 
morphology. The two groups were largely similar regarding these aspects. 
Relevant participant characteristics of both the experiment and the con-
trol group are listed in Table 2. The sample included 30 native languages, 
the most common one being German (n = 16). The language background 
of the participants is listed in detail in Appendix 1 (supplementary 
material).

Design and procedure

This intervention study was a single-blind1 randomized controlled trial 
divided into four main stages over a 5-week period (see Figure 4). The 
first stage was recruitment, which was conducted by visiting classrooms 
at beginner level Finnish courses. The pretests took place approximately 
one week after recruitment. The participants were tested in an IT class. 
One session took 1–1.5 h. Subsequently from each pair of participants, 
one was randomly allocated to the training group and the other to the 
active control group. The pairing was based on age, gender, and exposure 
to Finnish. This was done to attain the optimal balance between the two 
groups, as the sample size in each round was relatively small. A week 
after the pretest, both groups were sent an email containing a link to 

https://doi.org/10.1080/09588221.2024.2365664
https://doi.org/10.1080/09588221.2024.2365664
https://doi.org/10.1080/09588221.2024.2365664
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their respective applications. Specifically, the experimental group received 
a link to download the FMA, while the control group received a link to 
download the Suomipassi application. In addition to the link, both groups 
were given identical instructions to practice for 15 min per day over a 
period of three weeks using the provided application. The participants 
were blinded to condition, i.e. they did not know if they belonged to the 
experiment group or the control group. The length of the training period 
was 21 days for each participant. During the training period, the students 
continued their studies in their respective courses, which were basic level 

Table 2. D escriptive data of the two participants groups; mean (SD).
FMA group (n = 33) Active control group (n = 38)

Age 23.90 (3.07) 26.58 (6.05)
Gender, female/male 20/13 25/13
Exposurea 3.33 (3.91) 5.19 (8.37)
Kielo Scoreb 16.1 (6.9) 15.2 (5.6)
Motivation to learn Finnishc 3.67 (3.54) 3.54 (1.22)
MALL motivation befored 4.39 (0.83) 4.31 (0.92)
MALL motivation aftere 3.20 (1.26) 3.26 (1.25)
Mobile-use acceptancef 4.42 (0.90) 4.39 (0.67)
Education level (n)g

    1 Primary/Lower Secondary 0 1
    2 Higher Secondary 8 10
    3 Vocational School 1 2
    4 University of Applied Science (Bachelor) 2 2
    5 University (Bachelor or Master) 22 22
aLength of studying Finnish in months.
bScore in General Language Test Kielo on scale 0–30.
cSelf-rating based on a 5-point Likert scale: How motivated are you to learn Finnish? 1 = not motivated at all, 

5 = extremely motivated.
dSelf-rating based on a 5-point Likert scale: How motivated were you to use the application in the beginning 

of the training period? 1 = not motivated at all, 5 = extremely motivated.
eSelf-rating based on a 5-point Likert scale: How motivated were you to use the application in the end of the 

training period? 1 = not motivated at all, 5 = extremely motivated.
fSelf-rating based on a 5-point Likert scale: How comfortable do you feel using new smartphone applications 

in general? 1 = very uncomfortable, 5 = very comfortable.
gOne participant did not report educational level.

Figure 4. T he four stages of the data collection.
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courses of Finnish (A1–A2). The participants received a weekly email 
reminder to prompt to use their respective application. Concurrently, the 
FMA collected data of user behavior, i.e. how many study modules they 
had completed per day. To assess the training times in the control group 
for which such automatic user behavior tracking was not available, both 
groups were also advised to record their training times in a hand-written 
log.2 In addition, they were asked to evaluate their daily use of the appli-
cation and user experience in a post-survey. After the training period, 
the participants completed the posttest during week 5. The reward for 
each participant who completed the whole study was two film tickets or 
a gift card worth 10–20 euros.

Target application contents

The target group performed the training session with the FMA. For the 
description, see the section ‘FMA’.

Contents of the application used by the control group

The active control group performed the training session with an applica-
tion called Suomipassi (‘Finnish Language Passport’; Suomipassi, 2020), 
which is a smartphone application developed by the University of Turku 
Language Center. It teaches the learner basic phrases and pronunciation 
in Finnish (e.g. ‘Excuse me, is this seat free?’). The learner listens to 
exemplar phrases, repeats them orally, and is encouraged to apply these 
expressions in real-life situations. The learners can earn stamps every 
time they use the phrases in real life outside the house, however, such 
real-life usage was not required in this study. There are 18 modules 
related to different situations or topics like ‘in the post office’ or ‘buying 
paying’, and the users can flexibly choose which sentences they wish to 
practice within a module without a strict sequential order. The sentences 
can be translated to nine different languages and can be expressed in 
colloquial Finnish as well. Although morphology is present in the 
Suomipassi phrases, the application does not focus on teaching morpho-
logical rules in any systematic way. Suomipassi was selected to be the 
application used by the control group, as it is an attractive, non-commercial 
mobile application, and learning everyday phrases was considered to be 
a motivating task for Finnish language learners. As was the case for the 
FMA, the theoretical underpinning of the Suomipassi app follows largely 
the UBL model, more specifically exemplar-based learning. Furthermore, 
the theoretical underpinning can be identified as rooted in task-based 
language learning, given that learners were encouraged to utilize the 
phrases in real-life conversations.
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Pre- and posttest tasks

To assess the morphological training outcomes for both receptive and 
productive skills, we composed two pre- and posttest tasks, namely a 
Visual Lexical Decision task (VLD) and a Morphological Production 
(MP) task. In addition, the general level of proficiency in Finnish was 
assessed with a shortened version of Kielo (Tani, 2008), a general lan-
guage test in Finnish. The tasks were performed in the above-mentioned 
order. The tasks were identical in the pretest and posttest and were 
administered on a PC in a quiet room in small groups. One participant 
completed the posttest separately in a quiet room alone with the 
researcher.

VLD
In this task, participants are presented with a string of letters one by one 
on a computer screen. The participants are asked to judge as quickly as 
possible whether the target string is a real Finnish word or not by a 
button press. A fixation point appeared before each stimulus for 500 ms. 
The stimulus remained on the screen until the participant responded or 
until the item timed out (4000 ms). A set of 165 nouns were selected 
from a popular A1-level Finnish textbooks series (Suomen Mestari 1-2) 
in Finnish L2 instruction, in order to maximize the familiarity of the 
words for the participants. The target words were divided over three 
conditions: nominative (e.g. lääkäri, ‘doctor’), transparent locatives (e.g. 
aamu: aamu + lla, ‘in the morning’) and semi-transparent locatives (e.g. 
ilta: illa + lla; ‘in the evening’). There were 55 items per condition. To test 
generalization effects, 25 items in each condition were trained items that 
appeared in the FMA training modules, and 30 items were untrained 
items that did not appear in the training modules. Both within the 
trained group and untrained group of items, the transparent and 
semi-transparent conditions were matched on lemma frequency, length 
and bigram frequency. Frequencies were taken from a 22.7 million-word 
newspaper database (WordMill; Laine & Virtanen, 1999). Given the 
restrictions during item selection—items had to be depictable and appear 
within A1-level textbooks—we did not manage to match all conditions 
on lemma frequency and length, but we accounted for this in our statis-
tical analyses by including these variables as control variables in our 
models. The VLD also included 145 pseudowords, most of them mim-
icking the three target noun conditions. Thus, approximately 1/3 of the 
pseudowords did not have any apparent sublexical structure, 1/4 were 
semi-transparent pseudoword inflections, 1/4 were transparent pseudoword 
inflections and other pseudowords contained a noun stem and a pseudo-
suffix. The pseudowords were similar in length and bigram frequency as 
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the real words. In Table 3, a summary of lexical characteristics of the 
VLD words are listed. The VLD task was performed by using the 
open-source experimental software PsychoPy (Peirce et  al., 2019). 
Accuracy rate and lexical decision time were employed as dependent 
variables. The accuracy score was defined by counting the number of 
correctly identified items out of a total of 310 items.

MP
In the MP, the participants were presented pictures of non-specific objects 
linked to pseudowords like ‘mosa’ (see Figure 5, left panel) and were 
instructed to either reproduce them in the uninflected nominative form 
or to inflect them and include a locative case that follows Finnish gram-
mar rules. The target cases were nominative, transparent inflections in a 
locative case, and semi-transparent inflections in a locative case, i.e. 
pseudowords with stems that contained CG phonemes. The target 
pseudoword was provided in the nominative. The different conditions 
were matched on word length and bigram frequency. To elicit the nom-
inative form, the participant was prompted to embed the target item in 
a sentence by answering the question Mikä tämä on? (‘what is this?’); 
‘Tämä on mosa’, (‘This is a mosa’, see Figure 5, left panel). For locatives, 
a familiar object (i.e. kissa, ‘cat’) was either in, on, moving away from or 

Table 3. S ummary of lexical characteristics of the VLD items. Lemma frequency is scaled to 
1 million and subsequently logarithmically transformed, bigram frequency is scaled to 1000.

Loglem Length Bigram

Trained items Nominative 7.02 6.47 7.63
Transparent 7.09 8.42 8.18
Semi-transparent 6.44 8.49 8.27

Untrained items Nominative 6.79 8.07 9.01
Transparent 7.44 7.13 8.27
Semi-transparent 7.62 7.40 8.00

Figure 5. E xample of the MP task. At the left, only a nonspecific object (mosa) is depicted 
to elicit the nominative of the pseudoword. At the right a nonspecific object is depicted next 
to an arrow and a familiar object to elicit a locative case (Kissa tulee nilmosta, ‘The cat is 
coming from the nilmo’).
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moving towards a non-specific object. To elicit the inflected forms, the 
participant was prompted to embed the target item in a sentence by 
answering the question Mistä kissa tulee? (‘Where is the cat coming 
from?’); Kissa tulee nilmosta (‘The cat is coming from the nilmo’, see 
Figure 5, right panel). The participants wrote only the target word (mosa, 
nilmosta), not the whole sentence. A practice session of 10 items pre-
ceded the actual experiment. After the practice session, 90 questions (30 
for nominatives, 30 for transparent inflections and 30 for semi-transparent 
inflections) were presented in a random order. The task was unspeeded 
and the written answers were registered via Google Forms. Scoring 
involved assigning 1 point for a correct response and 0 points for an 
incorrect response. A response was counted as incorrect if there were 
any mistakes, i.e. typographical or grammatical errors. The maximum 
score on the test was 90 points. The lexical characteristics of the 
pseudoword conditions were matched for length and average bigram fre-
quency across conditions. Table 4 lists the characteristics of the MP items.

General language proficiency

General language proficiency was assessed via pen and paper by a subset of 
tasks included in Kielo (Tani, 2008), a standardized test material package 
intended to determine the level of Finnish L2 learners’ language skills and 
to monitor their development. The first 26 exercises (tasks 1–3) were selected 
for the test. The questions addressed everyday topics, such as going to the 
store or understanding the purpose of various signs and advertisements. 
Scoring was conducted according to the instructions provided in the mate-
rial package for each task. The maximum score for the test was 30.

Pre- and post-survey

In the pre-survey, we collected information regarding the participants 
background factors, e.g. age, gender, native language and familiarity of 
using digital technology in daily life. In the post-survey, we collected 
information about the participants’ user experience regarding their 
respective applications. The post-survey included 10 questions about user 
experience: App enjoyment, comprehension of UI, technical performance, 
desire to continue, ease of exercises, motivation before training, 

Table 4.  Characteristics of the pseudowords in the MP task.
Condition Length Bigram frequency

M SD M SD

Nominative 4.97 0.48 6.48 2.49
Transparent 4.93 0.75 6.48 2.42
Semi-transparent 4.67 0.75 6.32 2.87
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motivation after training, and perceived efficacy of learning Finnish 
grammar, vocabulary, and communication.

Pre-registration

The current study was pre-registered on AsPredicted.com at https://
aspredicted.org/blind.php?x=GVL_1FJ.

Statistical analyses

Data were analyzed with linear mixed effect models (LMM) using the 
lme4 package (Bates et  al., 2015) in the R statistical software (Version 
4.21; R Core Team, 2021). Separate models were built for the following 
measures: MP accuracy, VLD accuracy and VLD reaction time (RT). In 
the MP analysis, we used a generalized linear mixed effect model with 
accuracy rate as a dependent variable. Proficiency and the interaction of 
morphological condition * group * time point were added as fixed 
effects.

In VLD, a generalized linear mixed effect model was used for the 
accuracy rate and a linear mixed effect model for RTs. Proficiency, word 
length, lemma frequency and an interaction of morphological condition 
* group * time point were added as fixed effects. We made separate 
models for words that were trained in the FMA and words that were 
untrained to examine whether the FMA group’s performance improved 
not only for trained but also untrained words. For the RT data, responses 
below 250 ms and incorrect responses were removed and log transforma-
tions were made to normalize the data. Further data trimming (exclusion 
of the RTs over 2.5 SD) was not conducted, as the comparison of 
non-filtered to filtered models indicated a better R2 value for the unfil-
tered model.

For all models, condition (nominative, transparent inflection, semi- 
transparent inflection), group, and time point were fitted as a treatment- 
coded fixed effect variable. Proficiency was a centered composite variable 
based on the mean of the standardized values of the exposure score, 
self-rating in Finnish, and Kielo pretest score. Participants and items 
were included as random intercepts in all models. For the sake of sim-
plicity, only significant effects are reported in the text. The analysis, 
scripts, and the datafiles are available at https://osf.io/csg6n/?view_only=
67cea79851d4499399df4ace99f20d4e.

Degrees of freedom are difficult to determine in the LMM analyses, 
due to which no exact p-value can be calculated (Baayen et  al., 2008). 
Statistical significance at the .05 level is indicated by values of |t or z| > 
[± 1.96].

https://aspredicted.org/blind.php?x=GVL_1FJ
https://aspredicted.org/blind.php?x=GVL_1FJ
https://osf.io/csg6n/?view_only=67cea79851d4499399df4ace99f20d4e
https://osf.io/csg6n/?view_only=67cea79851d4499399df4ace99f20d4e
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For the user feedback, the Kruskall-Wallis test was used to analyze 
whether there was a difference within the experienced learning efficacy 
as a function of three linguistic domains (grammar, vocabulary, and 
communication skills). Post hoc tests were performed using Dunn’s 
multiple comparisons test. The difference between motivation ratings 
before and after training was analyzed with the paired Wilcoxon 
Rank-Sum test.

Results

We present the analyses for three outcome variables: MP accuracy, VLD 
accuracy and VLD RTs. The VLD results are presented separately for the 
trained and untrained words. Observed means and standard deviations 
of the pre- and posttest measures for each condition are presented in 
Table 5.

Effects of FMA training

Morphological production task

Generalized linear mixed effect model for posttest accuracy in the MP 
task revealed a main effect of proficiency: the higher the proficiency, the 
higher the overall accuracy in both groups. In addition, there was a main 
effect of time point: both groups performed better in the posttest than 
in the pretest. Moreover, there was a main effect of group: the FMA 
group performed better than the active control group. There was also a 
main effect of condition: nominatives elicited higher accuracy rates than 

Table 5.  Accuracy rates (% correct) and RT (in ms) for the outcome measures (means and SDs).
FMA (n = 33) Control (n = 38)

Pre Post Pre Post

Measure
Outcome 
variable Condition M SD M SD M SD M SD

MP Accuracy Nominative 0.81 0.40 0.86 0.35 0.74 0.44 0.85 0.36
Transparent 0.48 0.50 0.88 0.32 0.42 0.49 0.65 0.48
Semi-transparent 0.28 0.45 0.5 0.50 0.19 0.40 0.28 0.45

VLD1 Accuracy: 
trained 
items

Nominative 0.75 0.43 0.92 0.28 0.75 0.43 0.78 0.41
Transparent 0.72 0.45 0.93 0.26 0.77 0.42 0.80 0.40
Semi-transparent 0.72 0.45 0.89 0.31 0.73 0.45 0.71 0.45

Accuracy: 
untrained 
items

Nominative 0.71 0.45 0.65 0.48 0.73 0.45 0.72 0.45
Transparent 0.69 0.46 0.72 0.45 0.75 0.43 0.75 0.44
Semi-transparent 0.70 0.46 0.70 0.46 0.73 0.45 0.71 0.45

VLD2 RT: trained 
items

Nominative 1127 560 946 438 1128 565 999 496
Transparent 1495 715 1202 578 1490 745 1180 600
Semi-transparent 1495 688 1249 582 1479 674 1293 637

RT: untrained 
items

Nominative 1306 586 1216 558 1343 663 1166 551
Transparent 1276 644 1200 575 1349 666 1151 542
Semi-transparent 1296 620 1260 615 1370 664 1163 561

1,2VLD sample size: n = 32 (FMA), n = 36 (Control); Data loss due to technical problems.
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transparent inflections, which in turn elicited higher accuracy rates than 
semi-transparent inflections.

There was also an interaction between time point and morphological 
condition: more errors were made in producing transparent and 
semi-transparent forms in comparison to nominative forms at both time 
points, but the gap between nominatives and the transparent and 
semi-transparent condition had reduced in the posttest in comparison to 
the pretest. Most importantly, there was an interaction between group, 
time point and condition. This indicates that the FMA group improved 
more than the control group on both the transparent and semi-transparent 
inflections, but not on the nominatives (see Figure 6). Table 6 lists all 
the fixed effects.

Summary of the results on the MP task

The aim of the MP task was to assess how a three-week training with the 
FMA affects morphological production in the target group. The FMA 
worked as expected, i.e. training with the FMA improved the target group’s 
morphological production skills, whereas the morphological skills of the 
active control group improved less. In addition, when looking at both 

Figure 6. T he interaction between group, time point and morphological condition. As illus-
trated, the FMA group improved more on the transparent (t) and semi-transparent inflections 
(st) than the control group, leading to a bigger group difference at the posttest (right panel) 
than at the pretest (left panel).
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pre- and posttest scores, all participants made more errors with morpho-
logically complex forms in comparison to the nominatives, but training 
with the FMA reduced this effect in the target group to a larger extent 
than in the control group. Taken together, the results suggest that morpho-
logically complex forms were initially more difficult to produce, but that 
training with the FMA helped to improve morphological production skills 
significantly in a relatively short period.

VLD

Accuracy
Accuracy for trained items.  For the trained items, the model for recognition 
accuracy revealed a main effect of participants’ proficiency: the more 
proficient the participants were in Finnish, the better their recognition 
accuracy. There was also a main effect of time point: both groups’ accuracies 
were higher in the posttest. The model also indicated a main effect of word 
length and lemma frequency: for shorter and more frequent words, the 
accuracy rates were higher. In addition, an interaction was found between 
group and time point: the recognition accuracy of the FMA group improved 
more during the training period than that of the control group across all 
morphological conditions. Table 7 lists the fixed effects and Figure 7 
illustrates the interaction between group and time point.

Accuracy for untrained items.  For the untrained items, the model for 
recognition accuracy in the VLD task revealed again a main effect of 
participants’ proficiency: the more proficient the participants were in Finnish, 
the better their recognition accuracy. In addition, there was an interaction 
between time point and group: overall, the FMA group performed slightly 
worse in the posttest than the control group, which mainly stems from the 

Table 6.  Fixed Effects of the Accuracy Rates in the MP Task.
Accuracy

Predictors Odds Ratios Std. Error CI Statistic
(Intercept) 2.79  * 1.42 1.02  –  7.57 2.01
Proficiency 2.98  *** 0.78 1.78  –  4.98 4.17
Time [post] 9.77  *** 2.32 6.14  –  15.55 9.61
Group [FMA] 3.27  ** 1.28 1.52  –  7.06 3.02
Condition [t]a 0.22  * 0.14 0.06  –  0.77 −2.38
Condition [st]b 0.04  *** 0.03 0.01  –  0.15 −4.93
Time [post] * group [FMA] 0.60 0.23 0.28  –  1.27 −1.34
Time [post] * condition [t] 0.41  *** 0.11 0.25  –  0.69 −3.39
Time [post] * condition [st] 0.23  *** 0.06 0.13  –  0.39 −5.46
Group [FMA] * condition [t] 0.39  *** 0.08 0.25  –  0.60 −4.33
Group [FMA] * condition [st] 0.64 0.15 0.40  –  1.01 −1.92
(time [post] * group [FMA]) * condition [t] 11.04  *** 4.73 4.77  –  25.54 5.61
(time [post] * group [FMA]) * condition [st] 3.23  ** 1.37 1.41  –  7.40 2.77
at = transparent inflection.
bst = semitransparent inflection.
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slightly worse performance on the nominative forms in the posttest compared 
to the pretest (Figure 8). Related to this, the results indicated an interaction 
between time, group, and condition: the FMA group seemed to improve 
more in transparent inflections in comparison to nominatives than the 

Table 7.  Fixed Effects of the Accuracy Rates in the VLD Task for trained items.
Accuracy

Predictors Odds Ratios std. Error CI Statistic
(Intercept) 0.39 0.29 0.09  –  1.66 −1.27
Proficiency 1.71  *** 0.21 1.34  –  2.18 4.28
Time [post] 1.28  * 0.16 1.00  –  1.64 1.97
Group [FMA] 0.96 0.19 0.65  –  1.42 −0.21
Condition [t]a 0.82 0.22 0.48  –  1.40 −0.72
Condition [st]b 0.77 0.21 0.45  –  1.30 −0.99
Length 1.12  * 0.05 1.02  –  1.23 2.34
Logarithmic lemma frequency 1.26  ** 0.10 1.09  –  1.47 3.09
Time [post] × group [FMA] 3.43  *** 0.71 2.30  –  5.14 6.01
Time [post] × condition [t] 0.97 0.17 0.68  –  1.37 −0.18
Time [post] × condition [st] 0.72 0.12 0.51  –  1.01 −1.93
Group [FMA] × condition [t] 0.71 0.12 0.50  –  1.00 −1.95
Group [FMA] × condition [st] 0.90 0.16 0.64  –  1.26 −0.64
Time [post] × group [FMA]) × condition [t] 1.47 0.43 0.83  –  2.61 1.32
Time [post] × group [FMA]) × condition [st] 1.17 0.32 0.68  –  2.01 0.55
at = transparent inflection.
bst = semitransparent inflection.

Figure 7. T he interaction between time point and training group in VLD accuracy for trained 
items. As illustrated, the FMA group improved more than the control group, leading to a 
difference between groups at the posttest.
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control group did. However, the significant interaction seems primarily to be 
due to the decline in performance for the nominative baseline in the posttests 
(Figure 8). The statistics for each variable are presented in Table 8.

Reaction times
RTs for trained items.  For trained items, there was a main effect of time 
point: both groups’ RTs speeded up between pre- and posttests. In addition, 
morphological condition had a main effect: transparent inflections and semi-
transparent inflections were recognized more slowly than the nominatives. 
The model indicated also a main effect of word length and lemma frequency: 
the shorter and more frequent the word was, the faster the reaction times. 
In addition, the results showed an interaction between time point and 
condition: the difference between nominatives and transparent inflections 
was smaller in the posttest than the pretest. No significant effects between 
groups were found in reaction times. Table 9 lists the fixed effects and 
Figure 9 illustrates the interaction between time point and condition.

Reaction times in untrained items.  In the untrained items, there was only a 
main effect of time point: both groups’ reaction times became faster between 

Figure 8. T he interaction between group, time point and morphological condition for accu-
racy in untrained words.
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pre- and posttest measurements (OR = −0.13, 95% CI [–0.17, −0.09]). In 
addition, word length had a main effect: longer words were recognized more 
slowly than shorter ones (OR = 0.04, 95% CI [0.03, 0.06]).

Summary of the results on the VLD task

The aim of the VLD task was to measure how a three-week training with the 
FMA affects word recognition accuracy and speed in trained and untrained 
words in the three morphological conditions. Regarding accuracy, the results 
suggest that the FMA training improved recognition of the trained words in 
all conditions. However, there was no additional morphological effect, i.e. no 
differences in recognition accuracy improvement between conditions. For 
those words that were not trained in the FMA, instead, the analyses indicated 
an improvement in recognition accuracy for transparent inflections in the 

Table 8.  Fixed Effects of the Accuracy Rates in the VLD Task for untrained items.
Accuracy

Predictors Odds Ratios Std. Error CI Statistic
(Intercept) 0.65 0.56 0.12  –  3.52 −0.51
Proficiency 1.70  *** 0.23 1.31  –  2.22 3.96
Time [post] 0.96 0.11 0.77  –  1.19 −0.39
Group [FMA] 0.85 0.17 0.56  –  1.27 −0.81
Condition [t]a 1.17 0.32 0.69  –  1.98 0.57
Condition [st]b 0.96 0.26 0.57  –  1.61 −0.17
Length 1.13 0.09 0.96  –  1.32 1.44
Lemfreq [log] 1.13 0.09 0.97  –  1.31 1.53
Time [post] × group [FMA] 0.73  * 0.12 0.54  –  1.00 −1.97
Time [post] × condition [t] 1.03 0.16 0.76  –  1.40 0.19
Time [post] × condition [st] 0.97 0.15 0.71  –  1.31 −0.22
Group [FMA] × condition [t] 0.76 0.12 0.56  –  1.04 −1.73
Group [FMA] × condition [st] 0.92 0.14 0.67  –  1.24 −0.56
(Time [post] × group [FMA]) × condition [t] 1.63  * 0.36 1.06  –  2.53 2.21
(Time [post] × group [FMA]) × condition [st] 1.46 0.32 0.95  –  2.25 1.72
at = transparent inflection.
bst = semitransparent inflection.

Table 9.  Fixed Effects of the RT in the VLD Task for trained items.
Log(RT)

Predictors Estimates Std. Error CI Statistic
(Intercept) 6.86  *** 0.10 6.67 to 7.05 69.50
Proficiency −0.00 0.05 −0.09 to 0.09 −0.06
Time [post] −0.11  *** 0.02 −0.15 to −0.07 −5.46
Group [FMA] 0.01 0.06 −0.11 to 0.13 0.16
Condition [t]a 0.16  *** 0.04 0.10 to 0.23 4.64
Condition [st]b 0.13  *** 0.04 0.06 to 0.20 3.57
Length 0.04  *** 0.01 0.03 to 0.05 6.97
Lemfreq [log] −0.02  * 0.01 −0.04 to −0.00 −2.50
Time [post] × group [FMA] −0.04 0.03 −0.10 to 0.01 −1.51
Time [post] × condition [t] −0.11  *** 0.03 −0.17 to −0.06 −3.95
Time [post] × condition [st] −0.03 0.03 −0.09 to 0.03 −1.06
Group [FMA] × condition [t] −0.00 0.03 −0.06 to 0.05 −0.17
Group [FMA] × condition [st] 0.00 0.03 −0.05 to 0.06 0.12
(time [post] × group [FMA]) × condition [t] 0.06 0.04 −0.02 to 0.14 1.45
(time [post] × group [FMA]) × condition [st] 0.01 0.04 −0.07 to 0.10 0.34
at = transparent inflection.
bst = semitransparent inflection.
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FMA group in comparison to nominatives, suggesting that the training helped 
to recognize words that had a transparent inflection. However, the significant 
interaction seemed primarily due to decreased accuracy rates for the nomi-
native baseline in the posttests (i.e. the accuracy decreased from 71% to 65%). 
In RTs there were no significant between-group effects, only a main effect of 
proficiency and morphological condition. Overall, the results of the VLD task 
suggest that training with the FMA improved the recognition accuracy in 
those specific words that were trained in the FMA, both nominatives and 
inflections alike, but the effect did not generalize to other, untrained words.

User experience

As a part of the post-survey, we collected data on the participants’ user 
experience and perceived effectiveness of the FMA. We charted ten 
aspects regarding the user experience on a 1–5 Likert scale, such as app 
enjoyment and perceived efficacy of learning grammar. On average, the 
ratings varied from neutral to positive. For the FMA, the highest rating 
was for Comprehension of UI, which scored 4.4 on average (SD = 0.9). 
Moreover, the average rating for learning Finnish grammar and vocabu-
lary was considered positive with a mean of 4.0 (SD = 1.0) and 4.3 
(SD = 0.8), respectively. For the FMA, the lowest rating was reported for 

Figure 9. I nteraction between time point and condition for reaction times in the trained 
items. The difference between nominatives and transparent inflections was smaller in the 
posttest than the pretest.
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learning to communicate (M = 3.0; SD = 1.2). The Kruskall-Wallis test 
showed that there was a statistically significant difference in the per-
ceived efficacy between learning communication skills and grammar 
(Z = −3.53, p = 0.001) and between learning communication skills and 
vocabulary (Z = −5.12, p < 0.001), but not between grammar and vocabu-
lary (Z = −1.59, p = 0.112). This suggests that, according to the partici-
pants, the FMA was perceived to be more useful for learning grammar 
and vocabulary than for learning communication skills. For both groups, 
motivation was slightly higher before the training period than in the end 
of it: for the FMA group, motivation decreased from M = 4.3 (SD = 0.9) 
to M = 3.2 (SD = 1.2), and for the control group, it decreased from M = 4.3 
(SD = 0.8) to M = 3.0 (SD = 1.2). Both findings were statistically significant 
with Wilcoxon signed Rank test (V = 450.5, p < 0.001; and V = 450.5, 
p < 0.001 for the FMA and control group, respectively). The observed 
average ratings for all 10 topics are presented in Table 10. The questions 
for the ratings are presented in Appendix 2 (supplementary material).

General discussion

The aim of this study was to develop a FMA and test its effectiveness 
for L2 morphological learning. We hypothesized that training with the 
FMA would improve Finnish L2 speakers’ morphological skills in trans-
parent and semi-transparent forms especially in the domain of produc-
tion but also in reception. The target group (n = 33) practiced Finnish 
morphology with the FMA during a three-week period. The training 
consisted of producing inflected forms via answering questions like 
‘where is the cat?’ or ‘where did the cat come from/go to?’. The practiced 
morphological operations comprised transparent and semi-transparent 
inflections. The morphological improvements of the FMA group were 
compared to those of an active control group. The active control group 
used a general Finnish language learning application, Suomipassi (n = 38), 

Table 10. T he Average User Experience Ratings and Standard Deviations on a Scale 1–5 for 
FMA and Control Group.
User Experience FMA Control

M SD M SD

App Enjoyment 3.5 1.3 3.1 1.2
Comprehension of UI 4.4 0.9 4.4 1.0
Technical performance 3.3 1.4 4.5 0.7
Desire to continue 3.3 1.4 3.1 1.2
Ease of exercises 3.5 0.9 3.2 1.0
Motivation before 4.3 0.9 4.3 0.8
Motivation after 3.2 1.2 3.0 1.2
Learning Finnish grammar 4.0 1.0 2.7 1.2
Learning Finnish vocabulary 4.3 0.8 4.0 0.8
Learning of communication in Finnish 3.0 1.2 3.6 1.1

https://doi.org/10.1080/09588221.2024.2365664
https://doi.org/10.1080/09588221.2024.2365664
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that did not focus on morphology instruction. Pre- and posttests included 
MP and VLD tasks.

First, training with the FMA for three weeks had a positive effect on 
morphological production skills, for both transparent and semi-transparent 
inflections. That is, the difference between the accuracy rates of nomina-
tives and both types of inflections were smaller in the posttest compared 
to the pretest, and more so for the FMA group than for the control 
group. Since the production task consisted of pseudowords, it can be 
concluded that the training effect reflects specifically the learning of 
morphological rules, not memorization of certain inflectional forms. This 
suggests that even though morphological complexity is a challenge for L2 
learners, a structural and well-planned morphological training program 
as implemented in the current FMA can improve the production of mor-
phologically complex forms in Finnish.

In the VLD, we aimed to find out whether recognition accuracy and 
recognition speed of morphologically complex words can be improved 
with FMA training. We tested this with words that were included in 
the training materials of the FMA group and with completely new 
words that were not presented during the training period. For reaction 
times, both groups were faster in the posttest than in the pretest, but 
there were neither statistically significant difference between groups for 
the trained words nor for the untrained words. For recognition accu-
racy, the FMA group improved significantly on the trained words, i.e. 
those specific words they had practiced during the 3-week training 
period, unlike the control group. This improvement was independent of 
morphological structure, as it held for both the nominative and the 
inflected forms. For the untrained words, there was no clear improve-
ment for any of the conditions in accuracies. Thus, in word recogni-
tion, morphological training did not lead to better performance of 
untrained inflected words. The discrepancy between MP and VLD 
results may be attributed to the fact that unlike the MP, the VLD task 
was speeded, and perhaps did not provide the participants enough time 
to conduct still-not-automatized morphological parsing. In addition, 
the training in the FMA focused on production and the training exer-
cises were largely similar to the MP tasks. Taken together, the results 
suggest that the FMA enhances rule-based learning for production and 
also improves word recognition for those specific words that have been 
trained in the application.

In both tasks, there was a main effect of time point of testing: both 
groups performed better in the posttests than in the pretests. In the MP 
task this was reflected by higher accuracy in the posttest for both groups, 
in VLD in shorter reaction times. This is likely caused by a test-retest 
effect and/or general improvement of Finnish skills over time.
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The best performance in both tasks was elicited by nominatives, fol-
lowed by transparent inflections, and then semi-transparent inflections. 
This is an expected finding, as more complex morphological rules must 
be applied to process semi-transparent word forms than transparent or 
nominative word forms.

While the primary goal of this study was to assess the objective 
pre-post learning outcomes, we also collected data on the participants’ 
user experience and the perceived efficacy of the application. For the 
FMA, the overall user ratings regarding e.g. app enjoyment, UI compre-
hension, and technical performance averaged from neutral to positive. 
Regarding the efficacy of learning grammar, vocabulary, and communi-
cation skills, the participants reported that the application was perceived 
more effective for grammar and vocabulary learning than for learning 
general communication skills. This is logical as the application did not 
consist of communication exercises, but only exercises training Finnish 
morphosyntax with Finnish words.

Past studies on grammar in MALL have mostly concentrated on 
enhancing grammatical learning in languages with relatively simple mor-
phology (Castañeda & Cho, 2016; Chu et  al., 2019; Ghorbani et  al., 2020; 
Li & Hegelheimer, 2013; Rachels & Rockinson-Szapkiw, 2018; Wang 
et  al., 2021). There is also a large body of evidence on improving gram-
mar proficiency via CALL methods (AbuSeileek, 2009; Collentine & 
Collentine, 2015; Kılıçkaya, 2015; Kruk, 2015; Lucas, 2020; Naba’h et  al., 
2009; Penning de Vries et  al., 2020; Reynolds & Kao, 2021, Torlaković, 
& Deugo, 2004), but only few studies extend to morphological processing 
(Eryiğit et  al., 2023). To our knowledge, no previous randomized con-
trolled trial design study has been used to test a mobile application 
designed to train learning of morphology. This study shows that also 
morphological rules can be effectively trained with MALL, even in mor-
phologically rich languages. In addition, the findings support that the 
theory of exemplar-based learning applies not only to traditional teach-
ing but also in the context of MALL.

Limitations, caveats, and future directions

The overall motivation level of the participants slightly decreased during 
the intervention, indicating that a mildly positive motivation in the 
beginning diminished to a neutral level during the training. However, the 
motivation ratings for the control app users decreased in a similar man-
ner. For this reason, we believe that the decline in motivation is not 
specifically associated with features of the FMA but more likely linked to 
general user fatigue, which may occur with repetitive mobile exercises 
over time, as observed in previous studies (Hanson & Brown, 2020).
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It should also be noted that a large part of the data collection (2019–
2022) took place during the COVID-19 pandemic. Research suggests that 
this pandemic may have elicited negative implications for mobile learn-
ing attitudes, possibly attributed to the increased use of new applications 
and software during remote studies (Stockwell & Wang, 2023). It is pos-
sible that this also negatively affected our user experience ratings and 
attrition rate, with 34 out of 120 participants (28%) withdrawing during 
the training period, and an additional 13 participants not being active 
enough to be included in the data analysis. The overall attrition rate was 
39% and might have introduced selection bias (Wolke et  al., 2009). 
Nevertheless, it is worth noting that the drop-out rate was about equal 
for the FMA and the control group. In general, challenges in participant 
engagement are not completely uncommon in the field of CALL and 
MALL (Botero & Questier, 2016; Nielson, 2011). According to Botero 
and Questier (2016), a high attrition rate may be associated with 
extra-curricular learning, which can be perceived as unmotivating with-
out adequate external support. For a more successful use of CALL and 
MALL applications, recommendations include curricular integration, 
mentoring, and scaffolding (for similar findings, see Nielson, 2011).

The foremost reason for using active controls that trained with another 
Finnish language learning program was to control for various non-specific 
effects (engagement with an app, participant expectancies and demand char-
acteristics) that could have threatened the internal validity of our intervention 
experiment. In our study, we used a single-blind design, emphasizing the 
importance of participants being unaware of whether they belonged to the 
experimental or the active control group. To prevent the participants from 
realizing this, we selected a control application, Suomipassi, designed to 
improve general Finnish language skills without specifically targeting mor-
phology, which was the focus of our study. It is important to note that our 
intention was not to directly compare the performance of these two applica-
tions in terms of morphological learning. Instead, we intended to assure that 
a general approach to learning the Finnish language via MALL does not lead 
to the same kind of specific improvements in morphological knowledge as 
the FMA does. Note though that the FMA application only covers a specific 
subdomain of morphology and utilizes a specific approach to learn Finnish 
morphology. It is evident that future research and applications should extend 
the scope and test alternative methods for learning Finnish morphology. As 
there are no other Finnish morphology applications available, we hope the 
current application will serve as an initial step and inspiration for future 
efforts.

It is also worth noting that the improvement in morphological pro-
duction skills may not be exclusively attributed to the use of MALL, but 
that similar improvements could have been achieved through more 
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traditional methods of morphology training as well. Exploring the differ-
ences in learning outcomes between content-wise identical MALL and 
traditional methods presents an intriguing issue both in the field of 
MALL and morphological learning and could be explored via an addi-
tional control group in the study design. However, we leave further 
exploration of this issue for future studies. What is important for now is 
that self-training through an app specifically targeting morphology can 
effectively enhance morphological skills in Finnish. This finding is par-
ticularly significant given the widespread use of mobile devices nowadays.

According to previous studies, various moderator variables, such as age or 
mobile use acceptance can affect the results in MALL (Sung et  al., 2015). In 
the future, it would therefore be interesting to assess how such moderator 
variables affect the usefulness of the FMA, an effort that would require 
access to a larger sample size. Finally, although the focus of this study was 
to improve the use of locative cases and consonant gradation in Finnish, it 
is worth emphasizing that there are other morphological domains (deriva-
tions, compounding) and morphophonological operations (e.g. backward 
consonant gradation, vowel alterations) in Finnish that could greatly benefit 
from additional practice. It is good to notice, however, that the FMA is 
currently tested only for a relatively small subset of morphological operations 
and it concerns a concrete, spatially grounded aspect of their usage. The 
more abstract use of inflections, e.g. ‘the car broke down in seconds’, was 
not assessed, and it is theoretically possible that the impact is limited only 
to semantically concrete operations. However, given the high regularity of 
Finnish morphology we anticipate that the same principles, i.e. adaptive 
spaced repetition and exemplar-based learning, would aid the learning of 
other morphological phenomena as well. The goal is to upgrade the FMA 
in the future by including such a wider range of morphology.

Summary and conclusions

This study investigated whether three weeks of MALL training with the 
FMA improved morphological processing of adult beginner level learners 
in comparison to an active control group. Pre- and posttests were con-
ducted in the form of MP and VLD. The results showed that the FMA 
improved the production of both transparent and semi-transparent inflec-
tional forms. When it comes to word recognition, accuracy improved more 
in the FMA group than in the control group, but only for those specific 
words that were trained during the training period, with no difference in 
improvement between the morphological conditions. It can be concluded 
that the FMA supports adult beginner level learners’ morphological pro-
duction skills, and that this improvement is rule-based, as it applies to 
novel pseudowords, for which no lexical representation can exist. In word 
recognition, the FMA enhances the vocabulary knowledge for those 
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specific words that were trained during the training period, but there was 
no enhanced effect for the inflectional conditions. A stronger morpholog-
ical effect in production than in recognition was expected, as the FMA 
explicitly trained productive skills. These measured learning effects are 
supported by the fact that the perceived efficacy for grammar and vocab-
ulary learning was also rated positively in the post-survey feedback.

To conclude, the present study suggests that MALL can improve mor-
phological production skills in the context of a morphologically complex 
language like Finnish. The FMA is thus a valuable tool that can be uti-
lized to improve morphological learning. It can be used to study Finnish 
independently, but also be implemented into Finnish as L2 study curric-
ulum. Given the major challenge to master the vast Finnish morphology 
and morphosyntax, regular use of an application like the FMA can sig-
nificantly accelerate the acquisition of the language.

Notes

	 1.	 NB. The term single-blind is used to distinguish our design from the double-blind 
design, where neither the participants nor the researchers are aware of the partic-
ipants’ study group.

	 2.	 However, the return rate was too low to use hand-written logs for assessing train-
ing times.
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