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Practitioner notes

What is already known about this topic?

» Serious games have the potential to aid learning but empirical research is needed.

» Findings about the efficiency of serious games are mixed.

» Current and reviewed versions of the Simple View of Reading constitute a suitable
framework to measure reading acquisition.

What this paper adds?

« It contributes to the growing corpus of research on digital serious games.

* It provides empirical evidence on the use of an adaptive system in formal education.

+ Comparing a teacher-led sequence to an algorithmic adaptive sequence on the
same digital serious game has never been done before.

* The paper shows the need to obtain both system-internal and system-external
data in order to capture the impact of gameplay on the development of L2 reading
skills.

Implications for practise and/or policy

« It sheds some light on how certain game designs may actually help practise with
different degrees of intervention by teachers.

* Itis interesting for teachers to use an adaptive sequence that they can check and
intervene in if needed.

INTRODUCTION

In unison with technological advances in society, the role of technology in education has
undoubtedly become central in recent years. This key role has been further emphasised by
learners' needs to confine temporarily in many parts of the world during the ongoing world
pandemic. Out of a plethora of technological possibilities, a popular technological option
both in class and beyond the class is happening through the use of digital serious games,
which are aimed at learning specific educational content through digital gameplay.

Although digital serious games have been increasingly used in formal educational con-
texts and seem to provide a very exciting way to learn (Camacho & Esteve, 2018), a number
of scholars (Hainey et al., 2016; Vanbecelaere, Van den Berghe, et al., 2020) have claimed
that there is a lack of empirical evidence that supports digital game-based learning as a
better classroom resource in comparison to more traditional methods. A fair question by
many is whether games, their related algorithms and their potential for personalization pose
any kind of advantage for learning over decision-making by teachers. Both the debate and
an increasing interest in the issue have drawn considerable research attention in recent
times. Within this overall focus, the goal of the study reported in this paper is to compare
an algorithmic, adaptive sequence with a teacher-led sequence in the context of a serious
game and to measure their potentially differential impact on second language (L2) reading
development.
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LITERATURE REVIEW
Digital serious games: The emergence of adaptivity in reading

Serious games are designed for a primary purpose other than pure entertainment, as
defined by Djaoulti et al. (2011). In the last few years, there has been an extraordinary surge
in the use of serious games in formal education, particularly in the area of mathematics and
literacy skills (Vaala et al., 2015). One of the components of digital serious games that has
been claimed to have potentially an advantage over nondigital games is that of adaptivity.
Recent serious games have begun to include an adaptive component that makes it possible
to personalise the learning path of the game's user through complex algorithms. Beyond the
ongoing debate about the exact definition of the more general concept of personalization
(Vanbecelaere, Vasalou, et al., 2020), adaptivity is defined here as the ability of a system to
adjust instruction based on learner abilities and/or preferences, at any particular point of the
instruction process, with the goal of acting on identified learner characteristics and improv-
ing the efficiency and efficacy of learning (Oxman & Wong, 2014; Vandewaetere et al., 2011).
Hence, it allows for the automatic adaptation of game elements such as content, user inter-
faces, game mechanics or game difficulty in order to customise or personalise the interac-
tive experience (Holmes et al., 2018; Streicher & Smeddinck, 2016). Such customization and
adaptivity, some scholars have claimed, have the potential to cause faster and more effec-
tive learning. The claim, however, has received only partial empirical testing and support.

Adaptivity has been applied differently in various games and contexts, which may explain
why so far investigations on the issue have yielded mixed results. Vanbecelaere, Van den
Berghe, et al. (2020) tested the effectiveness of a reading game in reading acquisition. The
algorithm let readers progress at their own pace and mastery of any subgame was set at
80% before they could move to other more difficult subgames. They obtained mixed re-
sults when assessing primary school children that played that reading game on simple and
complex word reading fluency and text reading fluency. Kartal and Terziyan (2016) also got
mixed results after exposing some participants to a phonological awareness serious game.
Participants who played the adaptive game outperformed the participants that did not play
games in the dimensions of letter-naming and phoneme segmentation. This, however, was
not the case for rhyming or syllable blending.

Kyle et al. (2013) defined the way in which a digital serious game, the GraphoGame, was
adaptive. GraphoGame first introduced all grapheme-phoneme correspondence (GPC) and
ordered them from frequent to infrequent, whilst also considering rhyming words. The stu-
dents advanced through a series of graduated game paths, with multiple levels. The study
concluded that participants playing two adaptive literacy serious games outperformed those
not playing in reading, spelling and phonological skills in a pretest—posttest design. Van de
Ven et al. (2017) focused on special needs children. They progressed through 12 increas-
ingly complex levels, organised on the basis of feature frequency, and learners could order
and replay the games they wished to play. They found an effect of serious game play in
reading fluency and pseudo-word reading but no effect on decoding.

A recent study by Vanbecelaere, Van den Berghe, et al. (2020) revealed that participants
playing an adaptive reading game or the same game without the adaptive component signifi-
cantly improved from pretest to posttest on phonological awareness and letter knowledge.
Furthermore, they concluded that prior knowledge, home language and socioeconomic sta-
tus did not moderate the impact of learning. Nevertheless, Sampayo-Vargas et al. (2013)
found that students who played an adaptive game that involved L2 cognates achieved sig-
nificantly higher learning outcomes. Other studies suggested that groups that used adaptive
systems achieved significantly better reading comprehension for both L1 and L2, particularly
in low attainment children (Camacho & Esteve, 2018; Ching-Kun et al., 2013).
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Using a digital adaptive component contrasts with traditional teaching methods, where the
teacher is in charge of building up a syllabus that determines what is to be taught (selection)
and the order in which this will be done (sequencing), by usually applying increasing diffi-
culty, which is based on curriculum guidelines and often textbooks, teacher training, intuition
and experience. With such an approach, all learners need to go through the same linguistic
items in a one-size-fits-all fashion, regardless of their previous acquired knowledge and
no matter if they are cognitively ready to learn the new linguistic feature (Pieneman, 1989).
There is a gap in research analysing in what ways teacher-led sequencing is beneficial or
detrimental to learning and so the comparison between algorithmic and teacher-led se-
quencing has been extremely challenging. In general, the issue of sequencing in second
language acquisition (SLA) is an unresolved one.

Camacho and Esteve (2018) have suggested that there is insufficient research dealing
with the real direct impact of the technology in the learning process. There are very few
well-designed empirical studies that support positive outcomes of Foreign Language (FL)
learning (Golonka et al., 2014). Even though in the last decade there has been a raise of
publications on technology-based reading programmes for elementary grades, few studies
are devoted to evaluating the impact of tablet literacy apps on reading (Jamshidifarsani
et al., 2019). Streicher and Smeddinck (2016) pointed out a lack of research in the field be-
cause of the high costs for design, authoring and the technical implementation of both the
games and the adaptation system. As with other areas in SLA (see the unresolved issue of
sequencing in SLA—Baralt et al., 2014), there is also insufficient research dealing with the
issue of sequencing and the exact criteria that should guide sequencing.

The mixed range of findings reported on this section and the gaps identified so far
strongly suggest a need to empirically investigate the impact of adaptive serious games and
their sequencing on language development, in general, and reading development in partic-
ular. It should be noted that, rather than on the effectiveness of iRead as a serious game,
this paper focuses on the issue of the players' learning sequence and its effect on reading
development.

Adaptivity in the serious reading game iRead

The present investigation is based on an app designed by the iRead Horizon 2020 innova-
tion project (grant agreement No 731724) which aimed to develop innovative learning tools
for personalised learning that included an adaptive component. Although the system was
designed for English, Spanish, Greek and German, we report on EFL in Spain here. The
system consisted of three applications (games, e-reader and a teacher tool) designed to be
used with tablets, and the system was embedded in regular classroom practise.1

The iRead system included automatic adaptive principles, operationalised in terms
of content difficulty and competence showed in the games already played (Tsatiris &
Karpouzis, 2020). All language features to be worked on by players in the game were de-
scribed in a domain model for language difficulty and prerequisites, which was decided
item by item by a panel of language experts who based their selection and sequence on the
current literature. Therefore, features known to be easier for learners would appear earlier
in the game and the player could only be presented at a given time with a limited number
of open features with a similar level of difficulty. As each feature was mastered, the system
unlocked the next more difficult features as per the domain model. The adaptive algorithm
computed the player's performance on each mini game in terms of number of successes
and failures and adjusted to the pace of each learner. This means some players could
move on after playing three games correctly on a feature, whilst others could keep playing
on the same feature until they mastered it. The adaptivity component took into account the
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prerequites for each feature in order to present features in increasing difficulty during game-
play (eg, individual vowels were presented before diphthongs), and the level of feature mas-
tery was set at 70% of success having played a minimum amount of three times on the same
language aspect. The system made use of Exponential Moving Average (EMA), which uti-
lises n past attempts with reduced weights (from starting value (5) — maximum (10) in three
perfect games with a Maximum reduction = 1). Once this success rate was accomplished,
more complex features would be unlocked.? This describes the adaptivity component that
operated under the algorithmic sequence, with no teacher intervention. In the teacher-led
sequence, however, the algorithmic sequence described above was not operational and it
was teachers who set specific content and games for the whole class through the teacher
tool, as they would do in a more traditional teacher-led sequence.

Reading acquisition in a FL

Since iRead was devised to promote reading skills, both FL acquisition and reading acqui-
sition processes are addressed in this section. General agreement exists around the idea
that reading acquisition is a basic process in our daily lives, and acquiring proper reading
skills is essential for our personal development and normal functioning in society. In the
educational system, it has often been shown that children who have not acquired proper
reading skills are bound to face more obstacles in their overall learning process and success
(Jiménez, 2009).

In terms of research in reading acquisition, Gough and Tunmer's (1986) Simple View of
Reading (SVR) model is a well-accepted and empirically supported framework that stands
out in terms of its explanatory power. This model states that reading ability is the product of
decoding and comprehension abilities (R = D x C). Decoding is defined as the “ability to read
isolated words quickly, accurately and silently” (p. 7). Comprehension is understood as the
way information, sentences and discourse are interpreted. In the original study by Gough
and Tunmer, these two dimensions were measured by means of a pseudoword reading
task and a listening comprehension task. There is a broad agreement on the importance of
both skill sets explained in the SVR for the prediction of reading comprehension (eg, Catts
et al., 2015; Nation, 2019).

Nevertheless, the simplicity of the framework has also been questioned and several stud-
ies have suggested some adjustments. Cain et al. (2015) analysed the relationship between
word recognition (decoding in the SVR), listening comprehension and reading comprehen-
sion, adding also vocabulary as a variable, in a large sample of students in grades 1-3 for
English as an L1. They confirmed that before grade 2 (around age 7), decoding has a central
role, and after that, it is listening comprehension that becomes more prominent. This is due
to word recognition skills becoming more automatic in older readers, which enables listening
comprehension to play a greater role in the prediction of reading comprehension.

Word reading accuracy is a component of word recognition, defined as the ability of
a reader to correctly generate a phonological representation of an encountered lexical
item (Cain et al., 2015). Beginner readers struggle with decoding words and often use the
strategy of sounding words out (Bernhardt et al., 2006). However, as accuracy improves
(together with other aspects), reading proficiency increases and readers instantly begin to
recognise whole words (Nation & Snowling, 1998), moving from a sublexical, word-by-word
reading mode to a lexical, whole-word approach to reading. L2 learners tend to use mostly
the former strategy since they do not feel comfortable with the FL, but they use the latter for
frequent words (Bernhardt et al., 2006).

In studies dealing with L2 reading acquisition, accuracy has been usually operationalised
through word and nonword decoding tasks. Reading fluency has been defined by Fuchs
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et al. (2001, p. 239) as: “... the oral translation of text with speed and accuracy”. In our con-
text it has usually been operationalised through a timed reading passage in which words
per minute are calculated. Kim (2012) claimed that little attention has been paid to reading
comprehension for L2 learners. In general terms, research in the field has also used the
SVR as a model of reference, but the issue remains as to whether the SVR provides a suf-
ficiently complete view to understand reading acquisition in an L2 (for a model adapting the
SVR to the L2 and related empirical research see Proctor et al., 2005). In the present study,
both a word test and a nonword test were used to tap into word decoding and a timed short
passage is used to tap into learner's reading fluency.

From the literature available in the field, a number of gaps were identified. Those included
the need for more empirical research measuring the impact of serious games on learning,
the effects of sequencing on the development of L2 reading skills and the empirical testing
of theoretical models of reading for L2 learning. This paper aims to contribute to filling those
gaps and to the growing corpus of research into reading development in the context of seri-
ous games. It does so by exploring the impact of an innovative and adaptive digital serious
game delivered through two difference sequences and its effect on the development of for-
eign reading skills as measured by decoding ability and fluency rate.

RESEARCH QUESTIONS

By considering all the factors mentioned in the previous section, the main objective of this
paper was to investigate whether and how the adaptive component of the serious game
iRead may contribute to reading skills acquisition in a second language in comparison to a
traditional teacher-led sequence. To do so, three research questions were addressed:

RQ1 Does the type of sequence (algorithmic vs. teacher-led) differentially im-
pact the improvement of reading skills through games?

RQ2 Does the number or variety of games affect the learning of reading skills?

RQ3 Is the learning of reading skills mediated by decoding ability, vocabulary
knowledge, or listening ability?

As it is exploratory in nature and no directional hypotheses were available, this study adopts
the null hypothesis for all questions and makes no predictions as to how gameplay and the
reading of e-reader texts may impact reading development.

METHOD
Participants

Two schools from Spain that participated in the iRead Project were selected for this study.
This involved 107 students from 6th grade of Primary Education (11 and 12 years old) from
four intact groups and three teachers who participated in the current study, although only
67 students completed all the tests in the study (Table 1). The schools were in middle-to-
high socio-economic areas in Barcelona or its surroundings. Participants were L1 Catalan-
Spanish speakers, and English was their L2. In both schools, English was introduced formally
at the beginning of Kindergarten (age 3) and classes were rather traditional in nature, where
a grammar-oriented textbook was followed. Data were collected from September 2019 until
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TABLE 1 Participants' characteristics

EFL students (n = 67)

School 1 1 2 2
Class 6A 6B 6A 6B
Number of students 26 26 27 28
Participants 16 6 22 23
Gender 8 males 4 males 11 males 13 males

8 females 2 females 11 females 10 females
Sequence Algorithmic Teacher-led Algorithmic Teacher-led

March 2020 when system use was abruptly interrupted by the pandemic. Both schools were
well equipped in terms of technological resources and were used to using technology in the
classroom. Every student in the class would use a tablet to carry out iRead sessions, and
the WIFI connection was stable and reliable.

The iRead tools

Navigo games (Navigo: The Pyramid of the Lost Words): the player's customised avatar
was taken on an adventure into a mysterious pyramid with the double goal of finding the
main character's grandmother and saving as many villagers as possible. Inside, there were
a range of different puzzles aimed at developing language skills related to reading. They
included 15 different dynamics that involved choosing the bridge with the right option (pho-
nological, morphological, syntactic), matching items to open doors, slicing words with a laser
beam, blowing up the right word or pushing some pillars to create the right sentence amongst
others. From the point of view of SLA and language curriculum design, they were traditional
in their design (eg, multiple choice, matching, odd one out, amongst others), focused on
isolated forms, and did not include an interactive component (eg, as in task-based games).3
The choice of features for the games was the results of combining a domain model (which
specified the features and their difficulty and sequence), with a game specification (which
assigned specific game dynamics to specific features) and a 22,000-word dictionary that
provided the words that contained the features that fed the games and the e-reader. The
point of the games is to bring certain features and contrast to the attention of learners and
to raise the learner's awareness of such features and contrasts in a playful environment.
As confirmed by questionnaires and interviews, games were challenging and attractive to
students. Language content included phonic skills, syllabification, common sight words,
confusing letters, adjectives, pronouns, complex sentences, discourse anaphors, negation,
passives, prepositions, determiners, adverbs, questions, modal verbs, prefixes and suffixes,
adverbs and verbs. In all cases, features were not only played by the learners but also read
out loud by the automatised voice system embedded in the game (two peninsular Spanish
voices were used: a read female voice was used for the recording of individual sounds, and
a female Google voice for automatised text-to-speech) that pronounced the sounds, words,
phrases or sentences in the games. The audio was meant to aid with, for example, the lack
of correspondence between graphemes and phonemes in English.

E-reader: it included hundreds of texts which could be adapted in terms of appearance
(font type, font size, font colour, amongst others) to each child's preference. Learners could
listen to the text being read by an automatised voice system. This was an in-built charac-
teristic of the reader based on the idea that reading enhanced audio is more efficient than
just reading or just listening (Chang & Millet, 2015). Every sentence that was read was also
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highlighted simultaneously in order to try to keep the readers focused on the text. Learners
could check the meaning of unknown words by clicking on them and getting a dictionary
explanation and they could save in a list of difficult words (‘tricky’ words in the system)
where they could listen and even upload a picture/drawing to be associated with each word.
Moreover, every time learners accessed a text, they would find a prereading activity that
consisted of an explanation of a language feature and some examples of it. Then, in the
text, the feature would be highlighted. Its multimedia and enhancement functionalities were
meant to maximise processing and facilitate comprehension. Finally, there was also a list of
recommended books and a list of favourite books.

Teacher tool: the teacher tool gave teachers the autonomy to make their own choices
regarding features, games and books that they wished to assign to each individual student
or to the whole class. For the study presented here, it was the teacher in the teacher-led
group who determined the sequence that everyone would follow, whereas in the algorithmic
sequence teachers let the system choose accordingly with the adaptivity rules.

Design and procedure

All students from the four groups used the iRead system for approximately 6 months and
used a 1-h English session per week. They started in October, after the pretests took place,
and finished in March when schools in Spain closed due to COVID-19 measures. Learners
in the schools involved in this study played 7896 games in total. Posttests took place online,
and this produced a considerable loss of participants, which took place particularly in one
of the schools.

Before collecting data, participants' guardians signed a consent form which in-
formed them about all steps that would be taken in the study and about the anonymous and
volunteering nature of their participation. Firstly, prior to the implementation of the system,
the participants carried out some pretests, which included a background questionnaire and
reading measures (fluency, vocabulary size and reading comprehension). The exact same
reading skills measures were also tested as posttests. Thanks to the adaptive algorithm
present in the system as well as the possibility of choosing what games and features to work
on, it was possible to create the two treatment conditions.

Due to the implementation of this study in a realistic context, randomization of subjects
was not possible and so intact groups were used. Teachers in both the A groups were
always asked to let system follow the algorithm's adaptivity parameters without teacher in-
tervention. Teachers in B groups were asked to choose the content and the games in their
preferred, most logical sequence for every weekly iRead session. Teachers could overcome
the default adaptivity of the system by choosing specific features or games themselves
through the Teacher Tool.

All in all, the experience by leaners was similar in every way: they played games for 1 h
a week and read texts from the e-reader, the only difference being the sequence of pre-
sentation, either adaptive or teacher-led, which the students were not aware of. Therefore,
in the two teacher-led groups all students from a class would follow the same learning se-
quence, which was chosen by the teacher. In the algorithm-led groups, each student would
follow a different sequence that was the result of their performance. The students' learning
sequences were monitored by the researchers, and they absolutely followed the type of
treatment they were assigned (either totally adapted by the algorithm or totally adapted by
the teacher). Learners used iRead for 1 h every week in their regular EFL class with the as-
sistance and under the supervision of their teacher. Learners worked individually with their
tablets and used headphones, and the teacher did not intervene in class unless there were
connectivity issues. Classroom observations took place, and there were no big differences
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amongst groups or amongst schools in terms of methodology and the role of the teacher
during the use of iRead.

Instruments

Both system-external features for proficiency and reading skills and system-internal fea-
tures for gameplay and texts read were used. Amongst others which are not reported here,
system-external features measured reading skills development at pretest and posttest as
well as proficiency:

* A word and nonword reading test measuring decoding skills. The word reading test was
taken from BAS 3 (Elliot & Smith, 2011) and included a list of words to be read aloud
accurately in a minute. The nonword reading test was carried out in a similar way. The
tests were adapted by iRead partners at University College London.

¢ An oral reading fluency test (State of Florida Department of Education, 2009) that con-
sisted of the OPM Oral Reading Fluency. In this test, participants had to read a text
aloud accurately. Scores were calculated by subtracting the errors from the total words
attempted in story in 60 s.

e PET test was used to test listening comprehension and reading comprehension (as a
measure of EFL proficiency).

¢ A test of vocabulary knowledge. It was the Picture Vocabulary Size Test-PVST (Anthony
& Nation, 2017 adapted by Plumiege & Peters, 2019) and consisted of a receptive vocab-
ulary size test in which the participant had to choose the most accurate picture describing
a word in a context. The score was obtained out of 96 items.

¢ A background questionnaire was filled in by the participants. It was designed specifically
for this study and it included personal data such as date of birth and gender.

The analytics function of the iRead system automatically recorded several internal mea-
surements to minute detail, which included the total number of games played, games played
per feature, the number of different features and the number of errors amongst others.
General measures were taken from all features and all games played by learners. As for
specific measurements, the number of games per feature and the number of errors per fea-
ture were calculated on 12 features that are specifically problematic of L1 Spanish/Catalan
learners of English and it included vowers, consonant and consonant clusters (eg, -ee’ as
in ‘see’ which requires a /i:/ sound, or initial ‘kn’ which is pronounced as /n/ as in ‘knife’).
Internal system data were handled by means of both Tableau and python functionalities.

Statistical procedures

Statistics were carried out with the use of SPSS software. All variables were checked
for normality by means of the Shapiro Wilk test, which is considered more powerful than
Kormogorov—Smirnov. For mean comparisons related to proficiency, one-way ANOVAs
were used. Whenever variables were not normally distributed, Kruskal-Wallis test were
used. In order to check any improvements in performance from pretest and posttest per-
formance, repeated-measures ANOVA was used. Repeated-measures ANOVAs were also
used for measuring gains in reading accuracy and fluency as well as for potential interactions
with other variables. Whenever any measures were not normally distributed, nonparametric
Friedman and Wilcoxon Signed Rank Tests were used. Pearson and Spearman tests were
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TABLE 2 Descriptive statistics of proficiency scores in PET reading, PET listening and vocabulary
knowledge test

Sequence N Min Max M SD Asym Curtosis
Algorithmic
Reading 38 6 28 15.63 4.978 .251 -413
Listening 38 3 16 10.32 2.798 -.552 376
Vocab 38 28 70 51.58 9.953 -.561 170
Teacher-led
Reading 29 7 27 14.34 5.287 .780 -.276
Listening 29 8 18 9.24 3.356 .798 1.131
Vocab 29 25 69 49.28 11.364 -.310 -.802

used to check correlations between proficiency and performance and between performance
in the games and book and gains in reading accuracy and fluency.

RESULTS

Results are presented by research question and divided into general and specific meas-
ures. First, the results for general measures are presented that refer to all features of-
fered by the system, and then the results of specific measures were analysed that refer
to 12 GPC features that were selected because they are well-known to be particularly
difficult for L1 Spanish speakers learning English as an L2. Preliminary descriptive sta-
tistics (Tables 2 and 3) and ANOVAs (Table 4) did not show any significant differences
in proficiency (as measured by the PET listening and PET reading sections) or in vo-
cabulary size between the two sequences. This rendered groups comparable before the
study started.

Research question 1: Does the type of sequence (algorithmic vs. teacher-led)
play a role in the improvement of reading skills through games?

General measures

Preliminary analysis showed that the word, nonword and WPM test were highly corre-
lated, which suggests the tests worked well as a measurement of accuracy and fluency
rate. Participants that read more words and nonwords correctly also produced more correct
words per minute in the passage. This was also true for the posttest measures. Repeated-
measures ANOVAs tests (Tables 3 and 4) showed that accuracy and fluency gains from
pretest to posttest were all significant for all reading skills performance measures, that is,
for individual words, nonwords and word per minute (WPM). No interaction was found be-
tween gains in accuracy and fluency and sequence, except for nonwords where learners
in the teacher-led sequence read significantly more correct nonwords than learners in the
algorithmic sequence. It can be, therefore, concluded that as far as general measures are
concerned, learners in both sequences improved their overall accuracy and fluency of their
reading from pretest to post-test. As an answer to the first research question, the type of
sequence did not differentially affect gains in reading skills.
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TABLE 3 Descriptive statistics of gains in words, gains in nonwords and gains in words per minutes (WPM)

per sequence

Sequence N

Algorithmic
Words at pretest 38
Nonwords at pretest 38
WPM at pretest 38
Words at posttest 38
Nonwords at posttest 38
WPM at posttest 38

Teacher led
Words at pretest 29
Nonwords at pretest 29
WPM at pretest 29
Words at posttest 29
Nonwords at posttest 29
WPM at posttest 29

Min

18
26
40
25
30
57

18
12
42
25
22
48

Max

63
57
128
69
58
136

61
58
126
76
71
145

M SD
42.61 9.313
43.53 9.267
89.47 20.707
47.42 9.205
45.53 6.306

106.05 17.574
40.90 12.373
37.76 11.701
83.90 23.651
49.41 12.266
44.52 10.016
96.97 24.472

Asym Curtosis
-134 .788
-.249 -1.091
-.357 123
-.272 .516
-.293 -.253
-.656 793
-.034 -.915
-162 -.371
-.007 -1.103
.068 -.232
138 .935
-.047 -.524

TABLE 4 Repeated-measures ANOVAs for gains in words, gains in nonwords and gains in words per

minute (WPM)

Origen

Gains in words
Gains in
nonwords
Gains in WPM
Gains in words
*sequence

Gains in
nonwords
*sequence

Gains in WPM
*sequence

Assumed sphericity

Assumed sphericity

Assumed sphericity

Assumed sphericity

Assumed sphericity

Assumed sphericity

Specific measures

Type lll
sum of
squares

1.461.957
630.882

7.228.781
112.673

186.225

101.318

gl

Mean
square

1.461.957
630.882

7.228.781
112.673

186.225

101.318

F

45.026
15.835

89.746
3.470

4.674

1.258

Partial

Eta
Sig. squared
.000 409
.000 196
.000 .580
.067 .051
.034 .067
.266 .019

As for specific measures, 12 particularly difficult GPC features were selected. These were
both in the pretest/posttest and were specifically addressed by the system. Data showed
that the algorithmic sequence group worked on the features to a significantly higher extent
than the teacher-led sequence. Since the data from the algorithmic group were not normally
distributed, the Kruskal-Wallis test was used to check if the sequence had an impact on
gains from pretest to posttest on the 12 features, concluding that the result was not signifi-
cant (p = 0.244). As far as specific measures are concerned, and as an answer to the first
research question, the type of sequence did not differentially affect gains in reading skills,
and any gains by the participants in the two sequence can be considered equal.
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TABLE 5 Descriptive of number of games, different features, errors, books and tricky words as per specific
measures

Sequence N Min Max M SD Asym Curtosis
Algorithmic
Games 38 63 174 115. 08 26.109 .268 -.274
Features 38 37 74 52.42 8.452 .509 .047
Errors 38 22 181 80.71 38.084 1.002 .656
Books 38 16 136 69.94 26.175 A72 165
Tricky words 38 0 130 20.36 29.155 2.063 -4.672
Teacher-led
Games 29 45 215 118.55 38.387 -.107 374
Features 29 13 38 21.00 6.453 1.594 1.867
Errors 29 27 235 117.03 58.062 .273 -.704
Books 29 19 128 55.03 21.501 1.494 3.813
Tricky words 29 0 105 24.55 25.187 1.665 2.816

Research question 2: Does the number or variety of games affect the learning
of reading skills?

In terms of general measures, descriptive statistics (Table 5) and one-way ANOVA
results showed that both groups were comparable in the number of games they played
(df =66, F=0.194, p = 0.661). Kruskal-Wallis tests yielded significant differences, how-
ever, in the range and variety of features they played in those games (p = 0.007). Post-
hoc analyses revealed that learners in the algorithmic sequence played a wider range of
different features but mostly within the dimensions of GPC. On the contrary, learners in
the teacher-led sequence played a smaller range of different features that were spread
across dimensions (phonology, morphology, morphosyntax and syntax). Students in the
teacher-led sequence committed significantly more errors (p = 0.000) than students in
the algorithmic sequence. Readers in the algorithmic sequence read significantly more
books (df = 66, F = 6.208, p = 0.015) but selected a similar number of tricky words (p =
0.100) as they were reading.

Spearman correlations showed that there was no correlation between any of the variables
related to gameplay and gains in decoding or reading fluency abilities. The only exception
to that was the number of different features, which showed a week negative correlation with
gains in words (r=-0.270%; p = 0.037) and nonwords (r = -0.231; p = 0.030), suggesting that
the fewer features they played with, the more likely they were to show gains in accuracy. As
for the specific measurements on the 12 selected features, one-way ANOVAs showed that
the algorithmic sequence group played a significantly higher number of games related to the
12 features. In terms of gains, it was checked feature by feature and playing more games on
features did not impact gains of that feature.

In sum, as far as specific measures are concerned and as an answer to research question
2, playing more games did not result in gaining decoding or reading fluency skills. Playing a
narrower variety of features, however, resulted in more gains in decoding skills than playing
a wider variety of features.

Research question 3: Is learning of reading skills mediated by decoding ability,
vocabulary knowledge, or listening ability?
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Briefly put, initial decoding ability was shown to impact gains in decoding and reading fluency
abilities by the end of the project, with less of a role for listening and no role for vocabulary
knowledge. This can be broken down into three main findings related to words, nonwords and
fluency: firstly, a weak-to-moderate but significant correlation (r= -0.393, p = 0.000) was found
between initial word decoding and gains in word decoding, suggesting that the fewer words
they could read correctly at the start of the project, the higher gains they had. This was true for
both sequences. Neither initial listening ability nor vocabulary knowledge seemed to impact
gains in decoding or reading fluency skills; secondly, a moderate but significant correlation was
found (r= -0.634, p = 0.000) between nonword decoding ability and gains in nonword decod-
ing, again suggesting that learners with an initial lower decoding ability showed greater gains.
This is true for both sequences, but it was higher for the algorithmic sequence (r = —0.748,
p = 0.000) than for the teacher-led sequence (r = —-0.423, p = 0.000). Learners with an initial
lower listening ability also showed more gains (r = —0.211, p = 0.043); thirdly, initial reading flu-
ency impacted on reading fluency gains moderately (r = =0.338, p = 0.003) again suggesting
that the less fluent they were at the beginning of the project, the greater number of words per
minute they gained. Nevertheless, when considering the two sequences separately, it was only
the algorithmic sequence that showed such an effect. Listening abilities moderately correlated
with fluency gains (r = -0.402, p = 0.006) only for the algorithmic group whilst vocabulary was
not correlated with gains in words per minute in either sequence.

In short, results regarding research question 3 suggested that whilst vocabulary knowl-
edge did not predict gains in decoding or reading fluency abilities, participants with lower
initial decoding abilities ended up with higher decoding abilities than those with initial higher
abilities. This effect was significantly stronger for the algorithmic group. Initial listening also
partially predicted learning in decoding and reading fluency skills at the end of the project.

DISCUSSION

As shown by the significant gains in decoding and reading fluency between pretest and post-
test, learning took place in such a way that by the end of iRead project intervention, learn-
ers became significantly more accurate and more fluent when reading in the L2 than they
were at the beginning. This development cannot be necessarily and exclusively attributed
to iRead, though. We could speculate that since reading in all groups was reduced almost
exclusively to their work in iRead, the use of system may have been the explanation behind
their progress. But given that the intervention was embedded in a larger educational con-
text, a control group would have been needed to confirm such an assertion. Nevertheless,
it should be noted that analysing the efficacy of iRead was not the goal of this study. Central
to the goals of the study described here was that progress was shown regardless of whether
participants had followed iRead with a teacher-led sequence designed by teachers or an
adaptive sequence designed by an algorithm. The results obtained in this study suggest that
the sequence in which the contents were presented to the learners did not have a differential
impact on how much they learned, since no significant differences were found in terms of
gains between the two conditions under study. The results, however, raise interesting ques-
tions about adaptive algorithms, the length of the treatment and the issue of sequencing in
SLA in the context of games.

Research question 1

As far as the issue of adaptive algorithms is concerned, results in this study are in line with
Vanbecelaere et al. (2019) and against Kyle et al. (2013), since the expectation that the
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learners in the adaptive condition would learn more than in the nonadaptive condition was
not borne out. The first explanation may come from the strength of the distinction between
the algorithmic sequence and the teacher led sequence, which may not have been large
enough. The algorithm used by the iRead system took basic performance information by
each player to be fed into the adaptivity algorithm. It took into account the prerequisites for
each feature in order to present features in increasing difficulty during gameplay (eg, indi-
vidual vowels were presented before diphthongs), and the level of mastery was set at 70%.
After each feature was done successfully three times, the system selected the next more dif-
ficult feature. Nevertheless, the algorithm did not quite compute learning objectives, teach-
ing strategies and end-user requirements, and it did not accommodate temporal queries (eg,
the number of days since a specific feature was played). A more sophisticated algorithm
may have helped to achieve a larger difference from the teacher led sequence and, perhaps,
impacted learning to a higher degree. As suggested by one of the reviewers, an algorithm
that incorporated item response theory combined with self-correcting elo rating would have
been more appropriate, since responses to each item could have been given a relative
weight rather than all responses to items being considered equal. From a SLA point of view,
another way to improve the algorithm would have been to use overall learner performance
data on each item that could have been fed back into the algorithm through, for example,
Rasch modelling. That way the initial difficulty-based sequence of linguistic items built by ex-
perts in the domain models could have been adjusted on the basis of learners' performance
results in the games, resulting in a dynamic rather than in a static domain model. Such an
improvement can certainly be achieved by an even closer collaboration effort by engineers
and language acquisition experts.

A second explanation may come from the length of the treatment, which was cut short
by the world pandemic. It was designed for 7-8 months and it lasted 5-6 months. A full
application of iRead may have shown a larger difference between the two conditions. This
argument converges with the idea by Van de Ven et al. (2017) that the intervention may not
have been long enough. Also related to length, playing 1 h a week for 4 months, even if it
entailed playing hundreds of games by each student, may simply not have been sufficient
for the treatment to have more obvious effects. The cyclic nature of the iRead game which
would regularly recover already mastered items for their consolidation in the learner's reper-
toire may not have been fully achieved because of the shorter treatment.

Concerning the 12 specific features studied, they showed that any gains in the accuracy
of those 12 features cannot be attributed to the sequence. This means that even if adaptivity
worked and the algorithm offered learners features based on their increasing difficulty and
they progressed up the difficulty scale in accordance with their performance on the game,
adaptivity did not impact development in any particular way. Students in the teacher-led
sequence, who did not work specifically on those features, also showed progress. There are
no previous studies against which the kind of adaptivity iRead used could be compared, but
the results in this study suggest that adaptivity needs to be carefully tuned (eg, by offering
fewer features but with more games on each feature) if a clear advantage is to be seen.

Research question 2

Results related to research question 2 showed that learners in both conditions played a simi-
lar number of games. Whilst quantity was comparable, variety was higher for the algorithmic
sequence, which pushed learners to deal with a wider variety of features. As seen from the
results, most of the features were related to GPC. This would suggest that adaptivity played
arole, since the system offered whichever feature was open as per the description and pre-
requisites of each feature in the domain model. Also, learners in the teacher-led sequence
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made significantly more errors. This may be attributable to the fact that in the teacher-led
sequence, the features learners had to deal with different dimensions (eg, morphology, mor-
phosyntax, syntax) that had been defined in the domain model as more difficult features. As
for the correlations between gameplay and gains, neither the number of games itself nor the
number of errors were related to any gains.

The fact that the number of different features was negatively correlated with gains would
suggest that adaptivity worked to the advantage of the teacher-led sequence. Learners in
the teacher-led sequence were offered a narrower range of features that learners in the
algorithmic sequence. These features were also more difficult (ie, morphological features
or syntactic features as opposed to GPC features), and consequently, they caused learners
to make more errors and therefore get more games on the same features until they learned
them. This may explain in turn why sequence was not related to gains as seen in the answer
to research question 1. Both groups showed a similar amount of gains even if they followed
two different paths, one with lots of features but fewer games on each feature (algorithmic
feature) and another with fewer features but more games on each feature (teacher led se-
quence). Again, it is an issue whether a narrower algorithm that offered fewer features but
more games per feature would have shown an advantage for the algorithmic sequence over
the teacher-led sequence.

As for specific measures, it was shown that playing more games on those features did
not lead to more learning. This may have at least two interpretations. Firstly, that the algo-
rithmic group, which played a wider variety of features but fewer games on each feature,
did not play enough times on each feature for such play to have posed an advantage. It
is well-known in psycholinguistic studies related to word learning (eg, Pellicer-Sanchez &
Siyanova-Chanturia, 2018) that a considerable number of exposures to a new word in con-
text are necessary for new word to be learned (some studies claiming 13 exposures to a new
word in context). The same should be expected of other morphological or syntactic features
and so exposure through only a limited number of games on each feature may have not
been sufficient to learn the new feature. A second interpretation is that even if the features
were not directly played by the learners in the teacher-led sequence, this may have been
compensated by the fact that the features did not appear exclusively in the words chosen to
play those 12 features but also in other words which were targeting other linguistic features,
so theoretically some incidental, implicit learning may have happened. It is again an issue
whether adaptivity would have played out differently had leaners had all hours of system use
till the end of the academic year.

Research question 3

The fact that an initial lower word and nonword decoding ability actually predicted higher
gains is not an unusual finding in SLA studies. Students at the lower end of reading abilities
made significantly more errors which, through adaptivity, provided them with more games to
overcome those errors. In line with the findings by Camacho and Esteve (2018) and Ching-
Kun et al. (2013), this also suggests that the use of the system, whether with an adaptive
sequence or a teacher-led one, may have helped the weaker learners to higher extent that
the more advanced learners. This same impact was found for listening abilities, since poorer
listeners gained the most, whereby listening ability has been proven to be a crucial factor
in the SVR (Cain et al., 2015). Interestingly, fluency rate measured by words per minute
showed higher gains for initially less fluent learners, who benefitted the most from the algo-
rithmic sequence. A second explanation may come from multimedia learning (Mayer, 2001;
Paivio, 1986). The fact that learners where exposed to the items and the words that con-
tained through two different channels (ie, the visual channel exposing them to the text, and
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the auditory channel exposing them to the pronunciation of sounds and words) may have
been particularly beneficial for those students with initially lower decoding and listening ac-
tivities. The potential advantages of multimedia learning would certainly benefit from further
research in the context of serious games.

CONCLUSIONS

This article has shown that although all learners displayed significant progress in reading
skills from the start to the end of the iRead project (although not necessarily as a conse-
quence of the iRead project), the sequence they followed in the games, either algorithmic
or teacher-led, did not seem to have an impact on how much learning took place. This study
has shown that learners took different routes to learning, with learners in the algorithmic se-
quence playing fewer games on a larger number of features and learners in the teacher-led
sequence playing more games on a narrower set of features.

A number of general conclusions and implications can be drawn from the implementation
and the results in this study. The first conclusion to be drawn from the results obtained in this
study is that the possibility of choosing an algorithmic or a teacher-led sequence as teach-
ers did through the teacher tool is without a doubt an innovative aspect of serious games
design which allowed for the creation of two sequences. Secondly, this study has shown the
potential of an adaptive component impacting the path of language development in general
and readings skills in particular. This was shown to be particularly the case for learners
who started off with a lower level of reading skills and who ended up showing higher gains.
Adaptivity, however, seems to require careful design in order to get enough sustained and
intense practise for development reading skills. Thirdly, the issue of sequencing remains an
unresolved one in the context of both SLA and game-based learning. Future algorithms will
need to include a more complex conceptualization and operationalization of feature diffi-
culty, to be determined not only by initial expert decisions but also by data of actual game-
play to be fed back into the system and more sophisticated item response analyses. As for
limitations, the main one was the lack of a control group that, even if beyond the goals of this
study, would have provided information about the effectiveness of not just the sequence but
of the system itself. Clearly, a larger number of participants would have given this study a
lot more statistical power and may have emphasised any potential differences between the
two sequences.

Finally, this study and the tool contained within it have shown that content in serious
games can be delivered by both algorithms and teacher interventions and by a combination
or alternative use of the two, with teachers having the opportunity to check and intervene
in their students' individual paths. In line with Vanbecelaere, Van den Berghe, et al. (2020)
and Holmes et al. (2018), we believe this has enormous potential for personalization of L2
learning.
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