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a b s t r a c t

The present article introduces the concept of an educational game application aimed at
providing training in predictive second language (L2) processing. The prototype of the
game, focusing on Swedish tone-suffix associations, was tested during a two-week-period,
with L2 learners whose native language lacked the targeted anticipatory linguistic cue.
Results indicated that the game successfully promoted the learning of a novel L2 predictive
strategy, as reflected in a general increase in accuracy throughout the test period and a
gradually faster performance of the predictive task. More time spent on the highest level of
the game was associated with greater accuracy gains. Furthermore, results suggest that
perceptual training provided by the prototype even leads to improved production of the
tonal cue. Implementation of the presented game concept in the form of a platform game
is also discussed.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Active and continuous predictive processing have been suggested to constitute a core function of the human brain (Bar,
2009; Clark, 2013), which has been linked to learning in general and language acquisition in particular (e.g. Dell & Chang,
2014; Phillips & Ehrenhofer, 2015). There is indeed considerable empirical evidence that native speakers (NSs) are able to
make use of a wide range of cues to generate expectations about upcoming information at several different levels of rep-
resentation during language processing (e.g. Altmann & Kamide, 1999; DeLong, Urbach, & Kutas, 2005; Dikker, Rabagliati,
Farmer, & Pylkk€anen, 2010; Kamide, Altmann, & Haywood, 2003; Van Berkum, Brown, Zwitserlood, Kooijman, & Hagoort,
2005; Wicha, Moreno, & Kutas, 2004; see Kuperberg & Jaeger, 2016 for a review), and even second language (L2) learners
in general seem to be capable of making linguistic predictions while processing their L2 (Kaan, 2014). Intuitively, predictive
processing skills could benefit L2 learners in a variety of ways, being powerful mechanisms assumed to aid in the compre-
hension of noisy and ambiguous input (Kutas, DeLong, & Smith, 2011; Pickering & Garrod, 2007), rapid speech processing
(Lau, Holcomb, & Kuperberg, 2013), as well as potentially facilitating L2 acquisition itself due to their proposed essential role
in learning. Nevertheless, learners appear to be more restricted in their anticipatory processing in the L2 relative to NSs,
especially if they are at lower proficiency levels, the predictive cue is absent in the native language (L1), or the predictive
nguage; NS, native speaker; RT, response time.
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information is more complex (Dussias, Valdes Kroff, Guzzardo Tamargo, & Gerfen, 2013; Mitsugi & MacWhinney, 2015).
Focused training in specific L2 predictive processing skills might therefore be advantageous for a wide range of L2 learners
and it could contribute to more native-like processing of the L2. The present paper introduces a game application currently
under development, which aims at providing such training for L2 learners. It also reports on testing the prototype of the game.

The game mechanics have been designed to facilitate learning of specific predictive language processing strategies, by
requiring the player to form expectations about upcoming speech input based on a cue and providing immediate feedback on
the accuracy of this prediction in the form of actually experienced input. The key features of the game mechanics were
developed by drawing on results from previous research on NS and L2 predictive language processing. In its current
implementation, the game focuses on Swedish tone patterns realized onword stems, which constitute predictive cues due to
their associations with specific immediately following grammatical suffixes. The game trains L2 learners to use such stem
tone patterns to anticipate upcoming suffixes during online speech comprehension, i.e. to apply a predictive strategy similar
to that observed in NSs of Swedish (Roll, 2015; Roll, Horne, & Lindgren, 2010; Roll, S€oderstr€om, & Horne, 2013; Roll et al.,
2015; S€oderstr€om, Horne, & Roll, 2016; S€oderstr€om, Roll, & Horne, 2012).

In an experiment, we investigated if playing a prototype implementing the discussed game mechanics would promote
acquisition of the trained L2 predictive strategy in low-proficient learners whose native language lacked the specific language
feature (tone) with predictive value. Therefore, the investigation aimed at determining whether L2 learners showed im-
provements in carrying out the task constituting the essence of the game after a two-week-period of play, as reflected in their
speed and accuracy of performance. Furthermore, the study testedwhether such perceptual training would lead to gains even
in L2 speech production, manifested in more native-like production of the language feature constituting the predictive cue.
The experiment and its results are presented below. Amore complete version of the tested prototype, implementing the game
mechanics in the context of a platform game, will also be introduced.

1.1. Predictive processing

In cognitive neuroscience, there is an increasingly growing emphasis on predictive processing as an essential computa-
tional mechanism of the brain, shaping and supporting the perceptual system and even underlying action (Bubic, von Cramon
& Schubotz, 2010; Clark, 2013). Within this framework, sensory processing is often seen as being realized in a hierarchically
organized system, with higher, more abstract levels constantly generating predictions about the probability of activities at
lower levels, based on hypotheses drawn from previous knowledge as well as the current model of the context. Subsequent
matching of the prediction to the actually experienced input may result in the detection of discrepancies, constituting a
prediction error. Information from such an error signal can then be used at higher levels to adjust the functioning of the
system in order to minimize the discrepancy with subsequent predictions (e.g. Clark, 2013; Friston, 2005). The result is the
modification of processing mechanisms and/or behavior and as such, this prediction-feedback cycle has been suggested to
constitute an essential learning mechanism (e.g. Schultz & Dickinson, 2000). Ongoing predictive functioning of the brain
would provide the further cognitive benefit of freeing up resources from processing what is predictable, which would enable
the individual to concentrate on the unexpected, discovering new things to learn. Also, in cases where prediction of stimuli
facilitates task completion, this mechanism could guide directed allocation of attentional resources (Bar, 2009).

Along these lines, several models and accounts of language processing involve prediction or expectation as a core
mechanism (e.g. Chang, Dell,& Bock, 2006; Levy, 2008; Pickering& Garrod, 2007), and there is now compelling evidence that
NSs anticipate, at least to some degree, upcoming information prior to encountering the actual input (Kuperberg & Jaeger,
2016). For instance, contextual visual information in combination with the semantics of verbs and nouns has been found
to facilitate anticipatory selection of likely upcoming arguments (e.g. Altmann & Kamide, 1999; Kamide et al., 2003). Com-
prehenders were also reported to anticipate certain specific properties of expected input such as gender class of upcoming
nouns, based on inflections on preceding adjectives (Van Berkum et al., 2005) or gender-marked articles (Wicha et al., 2004).
Speech comprehension might even involve the generation of more concrete sensory predictions concerning, for instance, the
phonological form of expected nouns (DeLong et al., 2005) and orthographic forms cued by syntactic structure of the pre-
ceding context (Dikker et al., 2010). NSs have also been observed to use prosodic cues to predict syntactic structure (Roll &
Horne, 2011), upcoming argument (Weber, Grice, & Crocker, 2006), to generate pragmatic inferences (Kurumada, Brown,
Bibyk, Pontillo, & Tanenhaus, 2014) and to anticipate upcoming inflections (Roll, 2015; Roll et al., 2010, 2013, 2015;
S€oderstr€om et al., 2012, 2016).

In addition to the nature of the predictive cue and anticipated information, available time also appears to be an important
factor modulating anticipatory behavior in NSs (Wlotko & Federmeier, 2015). Temporal constraints seem to affect the degree
to which more complex cues can be used for generating predictions (Phillips & Ehrenhofer, 2015), as well as the extent to
which information even at lower levels of representation is pre-activated (cf. Kuperberg & Jaeger, 2016).

1.2. Predictive processing in an L2

Applying predictive strategies during the comprehension of an L2 could be thought to provide various benefits for the
learner. For instance, generating expectations about upcoming information and linguistic structures based on what has just
been processed, and then subsequently evaluating the correctness of the prediction bymatching it against the incoming input
provides a way of testing one's knowledge about the L2 and learning about various dependencies in the language (Phillips &
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Ehrenhofer, 2015). The way predictive processing can have a scaffolding function during the comprehension of noisy or
otherwise impoverished input might be especially advantageous for learners, who have greater difficulties with processing
speech in noise in their L2 than in their L1 (Shi, 2010).

Non-native anticipatory processing has been extensively studied in languages such as Spanish by comparing L2 learners'
and NSs' use of morphologically marked gender-agreement on determiners as anticipatory cues to the following noun that
the determiner agrees with. For instance, in a looking-while-listening test, L2 learners of Spanish were found to rely on the
predictive value of gender information in the article in a native-like way only at a high proficiency level. Learners with low
proficiency displayed no or only limited anticipatory behavior depending on the absence vs. presence of the corresponding
feature in the L1 (Dussias et al., 2013). There is, however, some indication that even highly proficient learners use gender
information less consistently than NSs. Grüter, Lew-Williams, and Fernald (2012) observed that gender cues had a reduced
facilitating effect on L2 learners' processing of familiar nouns relative to the NS controls. This has been argued to be related to
relatively weak associations between lexical items and gender markers, as a result of limited reliance on distributional in-
formation in typical adult L2 acquisition. Similarly, Hopp (2013) found that the degree to which advanced L2 learners of
German evidenced native-like gender information processing was related to their mastery of the gender system of the
language as a whole, and was presumably dependent on the presence of well-established links between nouns and their
gender classes supporting online comprehension. Interestingly, the learners in Grüter et al.’s (2012) study displayed native-
like predictive processing with novel words acquired during teaching trials where learning conditions simulated charac-
teristics of native language acquisition.

Studies on syntactic processing also highlight the fact that learnersmight be limited in their ability tomake use of complex
predictive cues, even if, in principle, they seem to be capable of acquiring strategies for anticipating upcoming syntactic
structures which do not have any correspondence in their L1 (Lee, Lu, & Garnsey, 2013). Thus, Mitsugi and MacWhinney
(2015) reported that L2 learners of Japanese did not appear to make use of their attested knowledge of case markers in
order to anticipate upcoming arguments in a native-like way. The high complexity of the predictive cue, requiring the
integration of lexical and grammatical information from more than one constituent, and the short time-window for gener-
ating the prediction, the span of a single word, were suggested to have contributed to the lack of predictive processing.

1.3. Implementing training in L2 predictive processing

As discussed above, empirical evidence suggests that predictive language processing as such is available to L2 learners. At
the same time, learners might approximate the degree to which NSs use anticipatory cues only at a higher proficiency level,
and even then they might be more limited in their ability to exploit predictive features of the L2. In certain cases, as the
findings of Grüter et al. (2012) indicate, adult learners might not even be able to make use of the full potential of cues to
facilitate language comprehension without learning the relevant co-variations under specially designed conditions. One
reason might be the absence of strong enough associations between cues and the associated upcoming information, the
target, in the mental representations of learners (Grüter et al., 2012; Hopp, 2013). Therefore, training should ideally involve
fostering the underlying links between the predictive cue and its target. Learning of such co-variations has often been
associated with implicit learning mechanisms, which are assumed to underlie people's apparent ability to unconsciously pick
up statistical regularities present in the input they are exposed to (e.g. Perruchet, 2008; Reber, 1967). Simple passive exposure
to cue-target dependencies might, however, not be sufficient as more recent results on domain-general implicit learning
mechanisms suggest that attention to the input material might be necessary for acquisition (Perruchet & Pacton, 2006), and
covariation-learning mechanisms might only be engaged once the predictive cue has been attended to (Hoffmann & Sebald,
2005). Task-relevance of the predictive cue could effectively direct attention to it, indicating that carrying out language tasks
for which co-occurrence relations between cue and target are crucial could be thought to promote the emergence of asso-
ciations underling anticipatory processing. Such a task might be one that explicitly requires the learner to perform the actual
predictions based on the cue. In addition, as incomplete overall knowledge of the relevant dependencies might also interfere
with effective predictive processing (e.g. Hopp, 2013), exposure to varied, carefully designed material is also essential.

Furthermore, as previous research has indicated, the lack of corresponding features with predictive significance in the L1
seems to modulate the success or speed with which anticipatory mechanisms are acquired (Dussias et al., 2013). This is not
surprising considering the fact that learners in these cases need to acquire a new online language processing strategy. In
training, the emergence of such a new strategy could be thought to be promoted by repeated practice of the skills involved,
such as recognition of the predictive cue and generation of the associated expectations.

Learners might also not have the necessary processing speed or automaticity for integrating a range of information
constituting more complex predictive cues. Available time for generating useful predictions has been seen to be an important
variable even in native language processing (Phillips & Ehrenhofer, 2015; Wlotko & Federmeier, 2015), and considering the
presumably relatively slower processing speed of inexperienced L2 learners (e.g. McDonald, 2000; McElree, Jia, & Litvak,
2000), it would not be surprising if temporal constraints had an even more profound effect. As gradual speed-up and
eventual automatization of L2 skills have been argued to be expected as a result of a great deal of practice (DeKeyser& Criado,
2012), effective training should preferably involve extensive performance of the skills underlying the predictive mechanism.
One possible strategy that could be thought to be consistent with promoting the rapid generation of expectations is the
introduction of time constraints on the predictive task. Making speed a central aspect of the task and rewarding rapid
responses might be assumed to motivate learner efforts to make faster responses.
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1.4. Digital games and training in L2 predictive processing

Digital games can be argued to provide an especially suitable medium for implementing training in predictive processing.
To begin with, video gaming is pervasive in society, even among adults (Entertainment Software Association (ESA), 2016),
suggesting that digital games have the potential to appeal to a large learner group. Also, the inherent ability of well-designed
games to sustain motivation and engagement (Plass, Homer, & Kinzer, 2015; Whitton, 2011) could be crucial considering the
large number of repetitions presumably needed to establish strong enough cue-target associations as well as to speed up and
eventually automatize anticipatory processing.Well-designed games have been argued to have characteristics that contribute
to maintaining motivation and engagement in an educational context, including the ways the goal-structure, feedback and
challenges in the game are constructed. First, the goals within the game should be clear and appropriately organized so that
they allow for gradual progression (Garris, Ahlers,& Driskell, 2002). Immediate feedback is also important (e.g. Kiili, 2005), in
a form that is relevant to achieving the goals of the game. Well-designed games also maintain an optimal level of challenge
throughout the gameplay (Malone & Lepper, 1987). Challenges that are dynamically adopted to the player's current skill level
in a way that they are perceived neither too simple nor impossible to achieve have been associated with the experience of
“flow”, resulting in an intrinsically rewarding state of optimal performance during complete immersion in an activity
(Csikszentmihalyi, 1990; Hamari et al., 2016). Furthermore, games constitute their own virtual world, allowing the user to
take risks, experiment and potentially fail without having to face real-world consequences (Plass et al., 2015). This creates a
learning environment that is very much different from the one experienced in traditional classroom settings and might be
especially important for learners to gain confidence in their L2 skills.

In what follows, the outline of the game mechanics will be introduced. The game has been constructed so that it
promotes the emergence of predictive processing, the core of the educational tool presented in this paper. In general terms,
the game is made up of cycles of stimulus presentation, followed by response from the player and subsequent automatic
feedback. First, the player is presented with a sentence context leading up to a predictive cue. In the current form of the
game, the sentence context is provided auditorily, while the corresponding text is also shown to the player. If the cue is
auditory in nature, such as a segmental or prosodic feature, the audio recording of the sentence is played up until after the
cue, the disambiguation point. The sentence context is presented in written form as soon as the audio starts. For instance,
the alternatives could be represented by different platforms, i.e. suspended surfaces onwhich the targets are shown as text,
and the player would indicate his or her choice by selecting one of them. In the present form of the game, the choice is
always binary and only one of the continuations results in an utterance that would be judged by NSs as well-formed
including features involved in the cue-target relation. The player is instructed to make a choice as quickly as possible
once the disambiguation point has been reached, i.e. the player has arrived at the point where the next step would be to
move on to one of the possible continuations, for instance by clicking on one of the alternative choices. Decision latency is
calculated from the disambiguation point up until the player's selection of one of the displayed alternatives. As soon as the
selection of a continuation has been made, feedback is given on the correctness of the choice. Feedback is partly visual,
showing the correct complete sentence, with the visual representation form depending onwhether the choice was correct
or not; and partly auditory as the recording of the correct continuation is played up. After selecting a continuation and
receiving feedback, the player can choose to replay the complete and correct auditory recording of the last item. Players
then receive scores, which are calculated by taking into account, not only the accuracy of the response, but also the speed of
the decision.

1.5. The Swedish word accent-suffix association

The game mechanics are implemented in an educational software currently under development, which promotes the
acquisition of predictive processing of Swedish word stem tones. In Swedish, each prosodic word is pronounced with one
of the two word accents of the language, either accent 1 or accent 2. As the tonal pattern (accent 1 or accent 2) associated
with the same stem may vary depending on the grammatical suffix attached to it (Bruce, 1977; Riad, 2014), Swedish word
accents can function as cues to the upcoming suffix. For example, the word stem bil ‘car’ is pronounced with a low tone
(accent 1) if it is followed by the singular definite article een attached to the stem as in bilaccent1-en ‘car-sg’. The same
stem, however, receives a high tone (accent 2) if the word ends in the plural suffix ear, i.e. bilaccent2-ar ‘car-pl’. NSs have
been shown to rely on stem tones to anticipate how words end (Roll, 2015; Roll et al., 2010, 2013, 2015; S€oderstr€om et al.,
2012, 2016) and neuroimaging data suggests that the recognition of the stem tone is immediately followed by the pre-
activation of associated suffixes (Roll et al., 2015). The fact that previous research has consistently demonstrated native
speakers' tendency to anticipate upcoming suffixes based on the tone might be taken to suggest that such a strategy
effectively supports speech processing. Tones are important features of the Swedish language that increase the pre-
dictability of upcoming speech material, thereby playing a role in reducing processing effort and freeing up resources to
focus on other aspects of language and communication. Indeed, in the context of non-compound nouns and verbs, word
accents on stems are highly predictive, greatly restricting the possible set of upcoming suffixes. For instance, accent 1 on
a word stem such as bil ‘car’ excludes the possibility of any continuation other than the singular definite suffix -en. Also,
the word accent on the verb stem distinguishes between upcoming simple present and past tense suffixes in the
conjugational class of verbs that take regular -er/-te endings (r€okaccent1-er ‘smoke-pres.’/r€okaccent2-te ‘smoke-past’). Results
obtained with stimulus material designed to test listeners' ability to predict an upcoming ending relying solely on the
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word stem tone support this assumption. In a study where the suffix on pseudoword stems was completely masked by a
cough, and the only cue to the singular versus plural ending was the stem tone (e.g. tvukaccent1-COUGH), Swedish native
speakers were still able to recover the correct ending (tvuk1-en) with above-chance accuracy, 87.8% for accent 1 and 72%
for accent 2 (S€oderstr€om et al., 2016).

L2 learners of Swedish often makemistakes in their use of word accents (Bannert, 2004), suggesting that it is an especially
difficult feature of the L2 to acquire. Considering the fact that every prosodic word is pronounced with either accent 1 or
accent 2, such difficulties can significantly interferewith communicationwith Swedish native speakers. On the one hand, if L2
learners fail to useword accents, native speakers cannot rely on the same pervasive cues facilitating speech comprehension as
they are accustomed to. On the other hand, L2 learner speech might be characterized by frequent incorrect tone-suffix
combinations, leading native speakers to generate tone-based predictions that frequently turn out to be wrong,
hampering efficient speech processing and, in turn, mutual comprehension. Indeed, when suffixes were preceded by invalid
tones in experimental stimuli, native speakers displayed not only significantly slower response times for deciding on suffix
meaning, but also a P600 in their electrophysiological brain response, reflecting increased efforts to reprocess the perceived
word forms (Roll, 2015; Roll et al., 2010, 2013, 2015; S€oderstr€om et al., 2012, 2016). Native speakers also rated suchwordswith
incorrect tone-suffix combinations significantly less acceptable thanwords inwhich endings were preceded by their correctly
associated tones (Roll et al., 2010). Nevertheless, despite the importance of Swedish word accents for communication in the
L2, the association between tones and suffixes is a feature that is not commonly taught or practiced in Swedish L2 courses
(Schremm, S€oderstr€om, Horne, & Roll, 2016).

Training focusing on Swedish tone-suffix connections provides an interesting testing ground for the proposed game
mechanics. First, word accents are a pervasive property of the language, constituting therefore a great potential for
facilitating speech comprehension in L2 learners. At the same time, the predictive connection between theword accent and
the upcoming suffix is a feature that is largely unique to Swedish, and related Norwegian. Also, the predictive cue itself, the
word accent, is a prosodic property that is absent from the L1 of most L2 learners of Swedish. As a result, learning effects
due to training would indicate the acquisition of a novel L2 predictive strategy, instead of simply the transfer of L1 speech
processing mechanisms. Furthermore, previous results suggest that it is in principle possible for L2 learners to acquire
tone-suffix associations, but apparently only at a higher proficiency level and after extensive exposure to the L2: whereas
beginner learners of Swedish showed no indication of predictive use of word accents (Gosselke Berthelsen, Horne, Shtyrov,
Br€annstr€om, & Roll, submitted), learners at an upper-intermediate level displayed facilitated processing of suffixes
correctly cued by the preceding stem tone (Schremm et al., 2016). Nevertheless, these more proficient learners apparently
made use of the anticipatory value of word accents to a more limited extent than NSs, as reflected in a relatively smaller
disruption in suffix processing caused by incorrect tonal cues in this group. Possibly, learners still had not developed as-
sociations between the mental representation of cues and targets which were as strong as those of NSs, something which
could have led to weaker pre-activations of predicted material, and therefore less inhibition of alternative suffix contin-
uations. With increasing L2 exposure, however, word accent processing in the L2 group showed signs of becoming more
native-like. These results thus point to the value of providing training in Swedish tone-suffix associations, especially for L2
learners at a lower proficiency level. Finally, since perceptual training of segmental and suprasegmental features of an L2
has previously been seen to lead to improvements in the production of the relevant features (Bradlow, Pisoni, Akahane-
Yamada, & Tohkura, 1997; Huensch & Tremblay, 2015; Wang, Jongman, & Sereno, 2003), playing the game application
might prove to be a way to promote the emergence of more native-like productive use of word accents by L2 learners of
Swedish.

In addition, L2 research has shown that certain language features such as the English present tense third person singular
-s inflection on the verb are notoriously difficult to acquire despite extensive exposure to relevant L2 input (R. Ellis, 2006). It
has been argued that factors such as complex form-meaning mappings as well as the redundancy of these features in
interpreting meaning might contribute to this difficulty (DeKeyser, 2005; N. C.; Ellis, 2006). In several respects, Swedish
word accents are characterized by similar properties: the same tone is associated with a variety of upcoming inflections
with different morphological functions; thus, there is no straightforward one-to-one connection between a specific tonal
cue and its grammatical target. Also, it is possible to extract the meaning of suffixes independently of the preceding word
accent. Therefore, successful acquisition of Swedish tone-suffix connections with the help of the proposed gamemechanics
would have important implications for a training strategy that might be effective for teaching other anticipatory relations
across different L2s that have proved to be especially challenging. For instance, one might consider training the English
present tense -s inflection as a feature reflecting a predictive association between third person singular subjects and the
verb ending.

2. Current study

For the present study, a prototype of the game was constructed in order to test the proposed game mechanics. For that
reason, the prototype implemented the basic game mechanics but lacked any visual context and animations characteristic of
digital games. Training focused on a selected subset of Swedish word accent-suffix connections, involving only stem tone
variations related to the appearance of singular versus plural endings on nouns as well as present tense versus past tense
endings on verbs. Participants played the prototype 15e60min each day, for ten days during a period of twoweeks. The game
involved responding to sentence items such as Kungen bygger aldrig ‘The king never builds’. The task was to listen to the first



Fig. 1. Example sentence item as presented in the game prototype. Two buttons represented the alternative suffix continuations.
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part of the sentence Kungen bygg- ‘The king never build-’ and then choose one of two suffix alternatives (present tense suffix
-er or past tense suffix -de) as quickly as possible, based on how the player thinks the sentence will continue (see Fig. 1). For
instance, if the verb stem bygg- ‘build’ was pronounced with accent 1, the correct continuation would be eer, due to the
association between accent 1 and the present tense suffix -er. Alternatively, if accent 2 had appeared on the verb stem, the
correct choice would be the past tense suffix ede, the inflection associated with accent 2. The time it took for participants to
decide on an ending after the presentation of the word stem tone was measured, and the accuracy of each choice as well as
the amount of time participants spent playing the game were logged. The material to be presented was organized into three
successive main levels. The first twomain levels were further broken down into three sublevels each, which were assumed to
consist of language material of increasing difficulty (see section 3.3 for more details). Main level 3 contained a mixture of
material from all previous levels. Directly before and after the gaming period, participants were recorded while reading a set
of Swedish sentences. This was done in order to be able to investigate if perception training would result in more native-like
production of word accents.

As a result of training with the game, the hypothesis was that participants would begin to acquire the ability to use word
accents in order to predict the upcoming suffix. Several sub-hypotheses can be derived from this main hypothesis (main
hypothesis 1). First, learning effects would be seen in a general increase of accuracy by the end of the gaming period, relative
to an initial accuracy close to chance level (hypothesis 1.1). As participants progressed through several levels of complexity
throughout the game, accuracy was not expected to display a steadily increasing tendency, since at the beginning of each new
level, participants had to get experience in applying the skill under training in a somewhat different context. Nevertheless,
since the same general predictive strategy was required to perform the task throughout the whole duration of the game,
improvement in predictive processing was expected to show up in increased final versus initial accuracy. Second, extensive
training was also expected to result in a more rapid performance of the suffix prediction, which would be reflected in a
general reduction of response times at later stages of the game compared to the beginning (hypothesis 1.2). From the point of
view of the acquisition of tone-suffix associations, the relevant response timemeasure is the speed with which learners make
correct suffix choices, which is expected to generally decrease from the initial to the final levels of the game, even if, as it has
been argued for the accuracy measurement, a completely monotonous decrease is not expected. Observing reduced final
versus initial response times for correct responses would be consistent with the assumption that using the game leads to a
speeding up in performing the predictive L2 skill, not just to a general performance improvement in mechanistically making a
button choice. Third, if training with the game promotes acquisition of tone-suffix associations, more time spent with the
game might be expected to result in higher accuracy and faster response times in the final measurements relative to par-
ticipants’ initial performance (hypothesis 1.3).

There are also a number of game-external factors that can be thought to influence the outcome of L2 training (main
hypothesis 2). One possible factor is the length of residence in the target language country (hypothesis 2.1). Those learners
who have spent more time in the target language environment might possibly benefit more from using the game due to
greater previous exposure to L2 input, which could provide a more solid foundation to build onwhen developing the trained
L2 skill. Positive associations between learners' length of stay in Sweden and response time or accuracy improvement scores
in the game would suggest such a relationship. Alternatively, those learners who have spent a shorter time in Sweden might
show relatively greater improvements, due to having very little initial knowledge of the trained L2 features. For such learners,
the present experiment might capture the complete developmental trajectory from zero to functional knowledge of Swedish
word accents and their association with suffixes, manifested as a relatively greater improvement from the beginning to the
end of the training period. Secondly, formal Swedish instruction might also play a role in learners’ performance on the game,
given that they have received an adequate amount of instruction relevant to the trained L2 skill (hypothesis 2.2). Failing to
find a positive relationship between length of Swedish instruction and response time or accuracy improvement scores would
be consistent with the assumption that the game provides a form of L2 training not commonly implemented in Swedish L2
teaching.

Perceptual training with the game might be hypothesized to influence learners' production of the targeted L2 features
(main hypothesis 3). Based on previous studies reporting more native-like speech production following training in segmental
or suprasegmental features of an L2 (Bradlow et al., 1997; Huensch & Tremblay, 2015; Wang et al., 2003), participants were
expected to use word accents in a more native-like way in their L2 speech, as would be reflected in increased accuracy in the
production data post-training relative to pre-training (hypothesis 3.1). Previous research has often failed to find a direct
relationship between learners’ improvement on perceptual and production measures, suggesting that development of
perceptual skills might not directly translate into increased L2 production accuracy (Bradlow et al., 1997; Huensch &
Tremblay, 2015; Wang et al., 2003). Therefore, production accuracy improvement scores might not be associated with a
corresponding increase in accuracy or decrease of response speed in the game (hypothesis 3.2).
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3. Method

3.1. Participants

Nineteen L2 learners of Swedish (13 females) participated in the testing of the prototype, with an average age of 23 years
(SD¼ 1.8). All of themwere NSs of non-tone languages (see Table 1 in the Supplementary Material for participant background
information). Their self-reported level of Swedish proficiency corresponded to A1 to B2 levels of the Common European
Framework of Reference. On average, they had received instruction in Swedish for 22.2 months (SD ¼ 24.6), abroad and/or in
Sweden, and had lived in Sweden on an average of 5.8 months (SD ¼ 4.7).

3.2. The prototype

In the prototype, sentence items were shown as text in dark font color, in the middle of a white presentation area. Each
item was presented auditorily as well, and the start of the visual and auditory presentations were synchronized. Sentences
were visually divided into three parts as shown in Fig. 1. The first part consisted of the beginning of the sentence up until
the target word that was associated with the prosodic predictive cue. Next, the two possible alternative continuations of the
target word were shown on two buttons with text representing the choices. The choice was always between two suffixes,
one of which was cued by the word accent on the preceding target word stem. After the two buttons, the part of the
sentence that followed the target word plus suffix choice was shown as text. The buttons were only enabled when the cue
had been presented in the audio playback. When the player then clicked on one of the suffix choices, the audio of the rest of
the sentence was played up, with the correct continuation regardless of the player choice, and feedback was displayed. The
whole sentence was shown at that point as a single stretch of text, incorporating the appropriate continuation to the target
word (Fig. 2). When the choice of suffix was correct, the text color switched to green; otherwise it remained in the default,
dark text color. By associating a salient visual signal only to correct choices, emphasis was on providing positive feedback.
The players also had the possibility of replaying the audio of the whole sentence after responding, as many times as they
wished.

Sentences were presented in game rounds, consisting of 18e20 items. At the end of a round, statistics were shown
summarizing performance at the last round as well as the previous rounds of the current level (except for level 3, where all
the rounds played on the same day were displayed). At this point, the player could choose to stop playing or to continue with
the next round. Returning after a break from the game, players could continue where they left off.

The prototype also implemented a simple, adaptive mechanism that advanced the player to the next level as soon as
performance indicated learning the task of the current level. This performance limit was defined as 80% accuracy calculated
over a whole round. The minimum amount of play required at a given level was two rounds. The prototype had three main
levels, with three sublevels at both main level 1 and 2 (for a description of the levels, see section 3.3). In order to make sure
that all participants got the opportunity to play at each level, players who had spent too much time on a single level, in the
sense that they would not have been able to complete the whole game before the end of the experiment continuing at the
same pace, were automatically advanced to the next level (a next sublevel under a main level or a new main level), even if
they had not reached 80% accuracy. In order to determine whether such progression was necessary, the actual time that a
participant had already spent playing was evaluated against expected playtime values per main level and sublevel set by
the authors. Expected playtime was three complete days for main level 1 (one day for each sublevel) and six days for main
level 2 (two days for each sublevel). In this way, a guaranteed one day of practice was left for the final main level 3,
considering the requirement that participants were expected to play the game for at least ten days during a two-week-
period.

As mentioned above, one form of feedback the player received was always immediate, following choice of a suffix
continuation after the predictive cue. Furthermore, summary statistics displayed after each round of play showed the per-
centage of correct choices, the average speed of responding, and response speed considering only correct choices (see Fig. 1 in
the Supplementary Material for an example). Points were calculated taking into account the proportion of correct responses
and the speed of these. The point system was formulated in a way that very fast but apparently random choices (around
chance level) were not rewarded. This summary after each round served to give players feedback on their progression to-
wards the goals within the game (cf. Kiili, 2005). By selecting a menu option on the website of the prototype, players could
also view a similarly structured summary for every round they had played, presented in a chronological order, organized
according to the levels of the game. Here, they could assess their progression towards reaching high enough accuracy tomove
to the next level. They could also compare their current performance level, both in terms of speed and accuracy, to those at
earliest stages of the game. This gave players the opportunity to formulate their own future goals and evaluate their pro-
gression towards these.
Fig. 2. Display of the correct suffix continuation in the game prototype after the player made a choice of suffix. After a correct response, the sentence was shown
in green instead.
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Instruction texts about each main level were made available for players on the game website, both in English and in the
target L2, Swedish. By providing detailed explanations and examples, these texts also served as a form of scaffolding. Key
concepts such as accent 1 and accent 2, as well as focused and unfocused sentence positions, conditioning the way the
intonational contour of word accents are realized (cf. Section 3.3), were defined and explained. The fact that word accents are
associated with different suffixes was also mentioned, and associations to the singular suffix -en and the plural suffix -arwere
exemplified. To facilitate the recognition and the discrimination of the predictive tonal cue, visual illustration of the tone
curves of word accents were provided alongwith corresponding audio examples (see Fig. 2 in the SupplementaryMaterial for
the illustrations). Players could return to the instruction text at any point while using the game.

3.2.1. Technical description of the prototype
The prototype was imbedded in a website, developed using the ASP.NET MVC framework. The website ran on a server at

Lund University and participants could access the game after authentication in the browser with pre-assigned credentials.
The interactive part of the game was implemented using HTML5 and JQuery, and the public SoundJS API was used to manage
audio playback. The website was optimized for viewing in Firefox web browser, and participants were requested to use that
specific browser. In order to decrease variations related to playing the prototype using a wide range of devices, the game was
designed so that it did not load on mobile devices.

At the beginning of each game round, the client-side requested the game material from the server for the complete next
round to be presented for the specific authenticated user. The server-side application compiled the appropriate gamematerial
based on the current status of the user in the game. The game material as well as player-associated data was stored in a local
database on the server. The presentation of the sentence items and the collection of response data were then managed by the
client-side script. At the end of each round, response data was sent to the server, where it was saved in the local database,
where scores as well as summary statistics were calculated taking into account the results of the most recent rounds.

Thewebsite provided functionality for each player to viewaccuracy and response time statistics per round. They could also
track the amount of time they had spent playing the game and play time distribution throughout the test period. Participants
had access only to data concerning their own results, whereas users with administrative rights, the experiment leaders, could
monitor the activity of all players.
3.3. Materials

In the game prototype, each presented item was a single sentence. The target word after which the choice alternatives
were displayed was either a monosyllabic verb or noun stem. The alternative continuations were always inflectional suffixes
attaching to the target word stem. The noun sentences were constructed by selecting the 20 most frequent nouns from the
Stockholm-Umeå corpus (Stockholm-Umeå Corpus SUC 1.0, 1996), placing each in 5 different carrier sentences. For the verb
sentences, the 45 most frequent verbs in SUC were chosen to appear in 8 different carrier sentences. Not every verb could
meaningfully occur in each carrier sentence due to differences in argument and thematic structure (transitive, intransitive
and reflexive verbs). Therefore, there was a certain variation as regards the number of different sentence frames a verb
appeared in. A set of 100 verb sentences was constructed in this way.Within the same carrier sentence, each target word stem
appeared oncewith an accent 1 suffix and oncewith an accent 2 suffix. For the noun stems, the accent 1 versionwas a definite
singular noun form, taking the inflectional suffix -en, and the accent 2 version constituted of the indefinite plural form, with
one of the suffixes -ar and -or. For verb stems, the accent 1 versionwas in the present tense form, as indicated by the inflection
-er, and the accent 2 version was in the past tense (preterite) form, taking one of the suffixes -te, -de, or -e.

The gamewas divided into three main levels (1, 2 and 3), andmain levels 1 and 2 were further divided into three sublevels
each. Sublevels are referred to as level 1.1, level 1.2 etc., where the first number identifies the main level and the second
number indicates the sublevel under the main level. The difference between sublevels of the same main level concerned the
type of target word. At the first two sublevels of both main level 1 and 2 (levels 1.1 and 1.2 as well as 2.1 and 2.2), all target
words were of the same type, nouns and verbs, respectively. At the third sublevel (levels 1.3 and 2.3), both nouns and verbs
were presented in amixedmanner. Level 3 had no further subdivision, corresponding therefore to a single sublevel, due to the
fact that sentences with both noun and verb targets were randomly mixed throughout the entire level. Originally, each of the
levels 1.1, 1.2 as well as 2.1 and 2.2 contained 200 sentences (100 sentence pairs, appearing with both accent 1 and accent 2 on
the target word), but due to artifacts in the recordings, one sentence pair was removed from level 1.1, and two sentence pairs
were removed from level 2.1, resulting in 198 sentences for level 1.1, 200 sentences for level 1.2, 196 sentences for level 2.1 and
200 sentences for level 2.2. The mixed levels 1.3 and 2.3 consisted of all the sentences that appeared on the previous two
levels. Therefore, the material for level 1.3 was the combination of the 398 (198 noun þ 200 verb) sentences associated with
levels 1.1 and 1.2, whereas level 2.3 contained 396 items (196 noun þ 200 verb sentences) from levels 2.1 and 2.2. The total
number of unique sentences was thus 794. At main level 1, the target word always appeared in focused sentence position, i.e.
it was pronouncedwith the prosodic characteristics of themost prominent phrase, constituting themost informative element
in the sentence. At main level 2, targets were invariably in unfocused sentence position. Both accent 1 and accent 2 are
characterized by different acoustic patterns depending on whether they are realized on words in focused or unfocused
sentence positions (Bruce, 1977) (see Fig. 2 in the Supplementary Material), and due to the less prominent intonational
contours of word accents in unfocused positions, the discrimination of word accent types was thought to be initially more
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challenging here than at the previous main level. For the final stage, level 3, presented sentences were drawn from the
complete stimulus set (794 sentences), randomly mixing noun and verb targets as well as focused and unfocused variants.

The stimulus sentences were recorded in an anechoic chamber by a female speaker of Central Swedish. The sentences
were read as responses to context questions to ensure the placement of focus on the appropriate word. Each sentence was
read twice. After the recordings, phonetically trained NSs of Swedish screened the stimulus material and excluded items with
artifacts. Three sentence pairs were excluded in this way (from levels 1.1 and 2.1). Using the speech editing software Praat
(Boersma&Weenink, 2014), sentences were subsequently divided into two parts, cutting after the target word stem syllable,
at zero crossing points.

Stimulus selection and sequencing in the prototype gamewas designed so as to promote participants’ exposure to a varied
and more complete range of stimulus material. When a player started a new level, a stimulus-sequence was generated for the
specific player and divided into rounds so that all available sentences in the given level appeared exactly once. For instance,
for level 1.1 where there were 198 stimulus sentences available, a sequence of 10 rounds were generated, with 9 rounds
consisting of 20 sentence items and 1 round of 18 items. Sentences were randomly sequenced, while ensuring that each round
had an equal number of accent 1 and accent 2 sentences. The sequencing algorithm also ensured that the same sentence item
was not presented in both an accent 1 and accent 2 version within the same round. At levels of mixed target types, sentences
with verbs and nouns were distributed equally within the round, as long as there were enough not-yet-presented sentences
available for both target types. If the participant interrupted playing during a level, the game continuedwith the next round in
the pre-generated sequence following the last round completed before the interruption. For the 3rd, final level, sentences
were randomly selected from the complete stimulus material before each round, ensuring 50-50% presentation of accent 1
and accent 2 sentences.

Participants played the prototype for a period of 14 days, during which time they were requested to play at least on 10
different days, for a minimum of 15min and amaximum of 60min each day. Response time and accuracy of response for each
presented sentence item as well as playtime measures were collected and stored in a database on the website's server,
associated with specific players. Response times were measured from the offset of the auditory presentation of the predictive
cue, i.e. from the end of the target word stem, until the moment the player pressed one of the buttons representing an
alternative continuation. Tracking of playtimewas based on logging the exact date and time of day when the player started as
well as finished playing each round.
3.4. Production test

During the production test before and after the training period, participants read aloud a list of 20 sentences. Participants
read the same set of sentences both pre- and post-test. Learners were instructed to read the sentences as responses to context
questions provided next to each item, in order to control for the placement of sentence focus. Similar to the materials in the
game, each sentence had a target word, a noun or a verb, which in its correct pronunciationwas associated with either accent
1 or accent 2 depending on the suffix appearing on the stem. For example, the test sentence Anna såg bilen på TV ‘Anna saw the
car on TV’ was read as a response to the context question Var såg Anna bilen? ’Where did Anna see the car?’. The most
prominent phrase in the response carrying new information elicited by the question, and hence the constituent expected to
receive intonational sentence focus, was the sentence-final på TV ’on TV’. In native speaker speech, the target word (bilen ’car’)
preceding the final, focused, constituent would therefore always have been pronounced with the word accent pattern
associated with unfocused sentence position. Ten of the sentences had noun targets, with either the singular definite suffix
-en (associated with accent 1 on the stem) or with the plural indefinite suffix -ar (accent 2). Ten sentences had verb targets,
appearing either with the present tense suffix -er (accent 1) or the past tense suffix ‘-te’ or ‘-de’ (accent 2). There was one
carrier sentence for nouns and one for verbs. In order to see whether knowledge gained during playing the prototype would
generalize to novel stimuli, the target words were selected so that half of them appeared in the game and half of them did not.

All participants were recorded using a portable recorder (TASCAM DR-07) in the same experiment room. Subsequent
analysis was conducted in Praat, during which a NS of Central Swedish, a trained phonetician, performed audiovisual eval-
uation of the fundamental frequency (F0) curve of the target words. These were classified into five pre-defined categories,
coded as (1) focused accent 1, (2) focused accent 2, (3) unfocused accent 1, (4) unfocused accent 2 or (5) no resemblance to
either Central Swedish accent. One additional class, that of South Swedish accents, was introduced during the analysis since
the F0 curves of some of the target words were found to resemble accent patterns characteristic of the dialect spoken in the
area where the participants lived in Sweden during the test period.
3.5. Data analysis

Initial accuracy and initial response time averages were calculated based on the first two rounds played (40 items), which
was at level 1.1 for all players. Final accuracy and final response time values were calculated based on the average of the last 10
rounds (200 items), which were played on the final level by all participants (level 3). A smaller number of rounds were used
for the initial as compared to the final performance measurements, due to the fact that some players progressed to level 1.2
already by the third round played. Also, a significantly larger number of rounds were played at level 3 relative to level 1.1, 167
vs. 9 rounds on average.



Table 1
Average accuracy (percentage of correct responses)
per level.

Level Accuracy (%)

Initial 59.9
1.2 66.2
1.3 66.4
2.1 73.5
2.2 76.4
2.3 75.1
Final 76.0

Note. Initial level value: the average of the first 2
rounds played at level 1.1. Final level value: the
average of the last 10 rounds played at level 3.
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For all calculations, items with response times (RTs) above 5000 ms were excluded (1.28% of all items) and RTs were
calculated by including only correct responses. Data were collapsed over word accents, by considering both accent 1 and
accent 2 target words for all accuracy and RT analyses. The time participants spent on a specific level or playing the game in
total was measured by summing the time span difference between the beginning and the end of each round, on a specific
level or for the whole gaming period. All correlational tests were two-tailed. In pairwise comparisons on accuracy and RT
measures per level, p-values were adjusted for multiple comparisons using Bonferroni-correction.

On the production data, a repeated measures ANOVA was carried out with the within-subjects factors Pre-post (levels:
pre-test, post-test), Accent (levels: accent 1, accent 2) and Game-presence (levels: present, absent). The factor Game-presence
distinguished between target words that appeared in the game material and those that did not.
4. Results

4.1. Game data

Level and accuracy showed a correlation (r ¼ 0.923, p ¼ 0.003) as accuracy increased throughout the levels of the game
(see Table 1 and Fig. 3). Average accuracy for the first two rounds was 59.9% and 76.0% for the last ten rounds (hypothesis 1.1).
Pairwise comparisons of accuracy values at each level also indicated a significant accuracy increase from the initial two to the
final ten rounds (p¼ 0.002). A significant accuracy increase was observed even from the first mixed level, level 1.3 to the final
Fig. 3. Average response accuracy increased throughout the levels in the game.



Table 2
Average RTs for correct responses per level.

Level RT (ms)

Initial 1787
1.2 1253
1.3 1357
2.1 1102
2.2 1002
2.3 1233
Final 748

Note. Initial level value: the average of the first
2 rounds played at level 1.1. Final level value:
the average of the last 10 rounds played at
level 3.
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ten rounds (p ¼ 0.013): at level 1.3 some learning was already expected to take place due to training; nevertheless, the
sentence material was more similar to the last level due to mixing noun and verb target word types, providing a more ho-
mogenous comparison in that respect. For results of the pairwise comparisons, see Table 2 in the Supplementary Material.

There was also a negative correlation between level and RTs of correct responses averaged for level (r ¼ .-840, p ¼ 0.018)
indicating that RTs generally decreased throughout the game (see Table 2 and Fig. 4). Average RT was 1787ms for the first two
rounds of the game and 748 ms for the last ten rounds (hypothesis 1.2). Pairwise comparisons of RT values at each level
showed a significant RT reduction from the initial two to the final ten rounds (p < 0.000). Such significant RT reduction could
be observed even from eachmixed level, level 1.3 (p¼ 0.007) as well as level 2.3 (p¼ 0.009), to the last ten rounds. For results
of the pairwise comparisons, see Table 3 in the Supplementary Material.

On average, players spent 9.10 (SD ¼ 8.42) rounds (block of 20 sentences) on level 1.1 and 166.79 (SD ¼ 109.77) on the last
level (level 3). Levels in between took an average of 5.56 rounds to complete (level 1.2: M ¼ 6.84, SD ¼ 6.81; level 1.3:
M¼ 6.63, SD¼ 5.83; level 2.1:M¼ 5.84, SD¼ 7.54; level 2.2:M¼ 4.26, SD¼ 6.04; level 2.3:M¼ 4.21, SD¼ 3.79). Therewas no
correlation between total playtime and initial to final RT improvement (r ¼ 0.081, p ¼ 0.743) or initial to final accuracy in-
crease (r ¼ 0.240, p ¼ 0.322) (hypothesis 1.3). Due to the proportionally greater amount of time players spent on level 3
training the complete game material, correlational analyses were conducted considering play time on that level. Results
showed that the total time in hours players spent on the final level 3 correlated with the difference between final and initial
accuracy (r¼ 0.573, p¼ 0.010), indicating that final accuracy increase relative to the initial performance was greater the more
time spent on the last level (see Fig. 5). There was no correlation between initial to final RT improvement and time spent on
level 3 (r ¼ 0.141, p ¼ 0.564).
Fig. 4. There was a negative correlation between average RTs for correct responses and levels in the game.



Fig. 5. Increase in accuracy from the initial to the final level correlated with the time individual participants spent playing at the highest level of the game.
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The time (inmonths) participants reported to have had spent in Sweden showed a negative correlationwith the difference
between initial RT minus final RT of correct responses (r ¼ .-467, p ¼ 0.044). Thus, less time spent in Sweden was associated
with greater relative RT decrease (hypothesis 2.1). No correlation was found between accuracy improvement and reported
length of stay in Sweden (r ¼ .-028, p ¼ 0.908). There were no significant correlations with the reported total length of
Swedish instruction (initial RT minus final RT of correct responses, r¼ 0.071, p¼ 0.772; final minus initial accuracy: r¼ 0.235,
p ¼ 0.333) (hypothesis 2.2).

4.2. Production data

The accuracy with which learners produced both word accents increased significantly from the pre-test to the post-test, as
indicated by a main effect of Pre-post (F(1,18) ¼ 11.47, p ¼ 0.003) (hypothesis 3.1). There was no interaction between the
factors Pre-post, Accent and Game-presence (F(1,18) ¼ 0.329, p ¼ 0.573). Accent 1 was generally associated with higher
production accuracy relative to accent 2, reflected in a main effect for Accent (F(1,18) ¼ 22.86, p < 0.001). The accuracy
advantage for accent 1 remained stable across the test occasions based on the lack of interactions with the factor Accent.
Before training, mean accuracy was 68.75% (SD ¼ 34.79) for accent 1 and 16.12% (SD ¼ 27.15) for accent 2, which increased to
73.18% (SD ¼ 30.13) and 26.01% (SD ¼ 30.36) respectively, by post-training. There were no interactions involving the factor
Game-presence either, suggesting that training-effects transferred even to novel words not included in the gamematerial. For
production accuracy values per participant and condition, see Table 4 in the Supplementary Material. Accuracy increase in
production by post-test did not correlate with initial versus final accuracy increase (r¼ 0.035, p¼ 0.885) or decrease in RTs of
correct responses (r ¼ 0.212, p ¼ 0.383) in the game (hypothesis 3.2).

5. Discussion

In the present study, we tested the prototype of an L2 learning gamewhich has been developed to facilitate the acquisition
of predictive language processing in the L2. The present implementation of the game mechanics focused on Swedish and
trained L2 learners to use tone patterns onword stems as anticipatory cues to immediately upcoming suffixes. Learners with
low to intermediate proficiency in Swedish used the game for a period of two weeks, while their activity and progress were
continuously logged. Results of the experiment indicate that the prototype effectively promoted the learning of the trained
language feature, which was seen in a gradually more accurate and faster performance of the predictive task in the game as
well as in a correlation between accuracy improvement and time spent on playing at the last level. Furthermore, perceptual
training with the prototype seems to have led to increased accuracy even in the production of the L2 tonal cue.

While accuracy in predicting upcoming language material based on the tonal cue was generally close to chance level
(59.9%) at the initial stage of playing the game, the proportion of correct responses on average increased to 76.0% by the final
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rounds of the test period. Taken together with the observed general decrease of response times throughout the game, the
obtained results indicate that playing the prototype effectively promoted the acquisition of the trained tone-suffix co-vari-
ations as well as processing the anticipatory function of tones. Furthermore, more extensive play seemed to have led to
relatively greater improvements in performing the task, as longer total playtime on the last level (level 3) was associated with
greater differences between individual players’ final and initial accuracy. Findings related to play time at the final level can be
considered especially informative about the effectiveness of the game, due to the fact that this was the level where all
participants spent a significant amount of time, after a relatively rapid progression until this point in several cases. As no
correlations were obtained between play time and relative RT decrease from the initial to the final values, it seems that more
extensive practice did not straightforwardly lead to a continuous speeding up of performing the suffix prediction. Possibly,
significant increase in speed might not be an issue of a simple quantitative change but might take place as a result of a more
qualitative reorganization as the skill becomes automatized.

The tendency of gradually decreasing response latencies with increasing level throughout the game is only broken by level
1.3 and 2.3, where RTs temporally increased (Fig. 4 and Table 2). At these levels, theword accent cue appeared either on a verb
or a noun in a randomly mixed fashion, while level 1.1 and 1.2 as well as level 2.1 and 2.2 focused on a single target word class.
Mixing target word types thus seems to increase task difficulty. Arguably, learners needed to acquire not only the pre-
activation of language features associated with a cue, but also the selective inhibition of predictions that are not relevant
in the current context. For example, following accent 1, strong pre-activation of the singular definite suffix een attaching to
nouns is beneficial as long as the context of the word accent cue is a noun. However, pre-activation of the same feature might
even slow down processing if the context is instead a verb, due to the emerging competition with the correct present tense
inflection -er. The need to acquire the ability to appropriately inhibit temporally non-relevant predictions could have created
additional difficulty at levels 1.3 and 2.3. Nevertheless, during the relatively long time most players spent at level 3 (similarly
mixing noun and verb targets), results indicate they eventually seem to have absorbed such context-basedmodulation of pre-
activations, leading to decreased final RT values.

Appropriate performance of the task in the gamewas crucially dependent on correct identification of word accent patterns
constituting the predictive cue. The fact that participants generally became more accurate at producing word accents by the
end of the gaming period suggests that this form of predictive speech processing training leads to gains even in the pro-
duction of the relevant L2 cue. Increased accuracy was observed even in the pronunciation of novel target words not included
in the trainingmaterial. The finding that game performance data did not showa correlationwith specific post-test production
improvements is in accordance with the results of several previous studies that similarly failed to observe a direct one-to-one
correspondence between increased production accuracy, following training in the identification of L2 segmental or supra-
segmental features, and corresponding perceptual tests (e.g. Bradlow et al., 1997; Huensch & Tremblay, 2015; Wang et al.,
2003). In general, these results are in line with proposals in the field of segmental phonology suggesting that the degree
towhich learners form accurate perceptual L2 categories limits the extent towhich they approximate NSs in the production of
the same sounds (Flege, 1995). While modifications in perceptual categories might be a prerequisite for attaining more ac-
curate production, it is not assumed that any change in perception would automatically be reflected in learners’ speech
production. For instance, learners might experience difficulties in acquiring the required articulatory commands to produce
the L2 sound or they might be reluctant to sound more native-like due to psychosocial reasons (Flege, 1999). Furthermore,
dissociation between production and perception improvements is consistent with the assumption that different neural
networks are involved in transforming acoustic input into articulatory motor representations (dorsal stream) as opposed to
mapping speech signals to their meaning during comprehension (ventral stream) (Hickok & Poeppel, 2007).

A negative correlation was obtained between RT decrease from the initial to the final stage in the game and the length of
residence in Sweden. Inmore proficient learners, exposure to Swedish L2 in the target language country was previously found
to be associated with gradual implicit acquisition of predictive tone processing (Schremm et al., 2016). It is therefore possible
that those participants who had been in Sweden for a longer time had some basic implicit knowledge of the predictive
significance of tones already at the outset of the study. From this perspective, the obtained correlation with length of resi-
dence in the current study would suggest that the game had greater benefit for those who presumably had less initial
knowledge of the tone-suffix associations. Thus, it seems that training provided by the game is especially effective for
speeding up the acquisition of predictive processing at early stages of L2 acquisition. Moreover, no association was observed
between game performance and the length of instruction the participants received in the L2, which indicates that the game
might be able to develop skills not targeted by traditional L2 Swedish instruction.

5.1. Platform game implementation of the prototype

Results of the study indicated that the game mechanics work as intended and that the game is an effective tool for
promoting the acquisition of L2 predictive processing. Therefore, the prototype is currently being developed into a full-
featured engaging platform game, the first version of which is presented through screen shots in Figs. 6,7. Implementation
as a platform gamewasmotivated by a number of considerations. First, alternative linguistic targets following a predictive cue
can be appropriately represented by two or more platforms, one of which the player is required to choose in order to be able
to move on. Such visual presentation in the form of platforms makes it easy for the player to quickly recognize an upcoming
decision point and get an overview of the possible choices. Also, the speed and fluency with which the player moves across
the platforms can be important contributors to the game experience in this genre, which can be thought to promote attempts



Fig. 6. Screenshot from the platform game implementation. Alternative choices following the auditory predictive cue are represented by different platforms, here
displaying the present tense versus past tense suffixes -er and -te after the sentence fragment L€araren r€ok- ‘The teacher smoke-‘.

Fig. 7. Screenshot from the platform game implementation, showing the moment when the player has selected a continuation to the target word stem by having
the dinosaur figure jump on the -er ‘-s’ present tense suffix platform after processing the sentence fragment L€araren r€ok- ‘The teacher smoke-‘.
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at performing rapid choices between the target alternatives following a cue. Furthermore, linguistic co-variations underlying
the predictive strategy to be learned can be made inherently task-relevant in this context, by ensuring that correct platform
choices and subsequent rewards are dependent on the correct knowledge of the relevant co-variation relations. This might be
thought to support the development of strong cue-target associations, the presence of which might be essential for the
emergence of effective predictive processing strategies (Grüter et al., 2012; Hopp, 2013). Furthermore, the generally
straightforward nature of the game-mechanics and rules ensures that players quickly develop an understanding of the game
itself and are then able to focus on the learning material. Finally, platform games offer the possibility of relatively shorter
periods of casual play that still create a sense of achievement and learning: it is inherent in the genre that players can
frequently experience small achievements, such as each time when they have chosen a correct platform.

6. Conclusions

In conclusion, after only a two-week period of play with the game prototype presented in this paper, participants' per-
formance results showed learning effects concerning predictive L2 processing. These are assumed to involve the gradual
acquisition of the underlying tonal cue-suffix associations in the Swedish L2 as well as the development of faster performance
of the targeted anticipatory speech processing skill. Furthermore, purely perceptual training led to more accurate production
of the tonal cue. The game, therefore, seems to be an appropriate tool for developing an essential predictive feature of
Swedish in L2 learners’ speech, at the same time as it enables learners to acquire anticipatory strategies that can underlie



A. Schremm et al. / Computers & Education 114 (2017) 206e221220
more effective processing of the target L2, promoting efficient and successful communication. As the game idea introduced
simulates mechanisms assumed to be related to general predictive linguistic processing, it has a broad range of possible
implementations for different types of predictive co-variations in a variety of L2s. Importantly, such L2 skills might be
especially difficult to trainwithout specially designed educational tools, highlighting the value of harnessing themotivational
power of a digital game that provides learners with extensive exposure to relevant co-variations, while also creating op-
portunities for the actual performance of the developing L2 predictive skills.
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