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Introduction

During the last few decades, computer-assisted language learning (CALL)
has rapidly evolved to include a diverse range of computer-mediated language
learning activities, tools, materials, and technology-supported learning
environments. This development of a diverse and constantly evolving set
of technology-mediated tools and environments has provided researchers
with opportunities to more closely investigate what we think we know about
well-known processes of second language (L2) learning. Although the field of
second language acquisition (SLA) has made substantial progress since its es-
tablishment (e.g., Ortega, 2014; Pica, 1997), as Plonsky (2013) points out, little
research in the field has attempted to describe the how of L2 acquisition, perhaps
due to the logistical difficulty of measuring learners’ longitudinal, as well as
individual, performance during treatment. Seeking to address how researchers
might begin to more thoroughly investigate this important aspect of L2 learning,
this article examines how the strategic use of natural language processing (NLP)
technology integrated into intelligent CALL (ICALL) may offer insight into the
processes and products of L2 acquisition by providing information that might
otherwise be unavailable via traditional methods of classroom and laboratory
data collection, thus potentially illuminating how L2 development may happen
incrementally over time. In addition, the current exploratory study also pro-
vides an example of how ICALL may facilitate the investigation of instructed
L2 acquisition beyond the classroom to real-life language learning in the wild
(MacWhinney, 2017), an underexplored context in need of further investigation.

The goal of the current research is to demonstrate the potential of
employing an ICALL system, in which learners’ actions and engagement
with the input are automatically tracked and collected, for mainstream SLA
research. In order to deepen our understanding of classic empirical issues in
SLA, such as the impact of instructional interventions, we draw on the results
of a pilot study using an ICALL system to provide enhanced, authentic texts to
learners outside of the classroom. By highlighting the unique methodological
affordances available within an ICALL system to examine the effects of
input enhancement on L2 development, we aim to illustrate the potential
contributions of research at the intersection of ICALL and SLA.

Input Enhancement and L2 Development

Designed to increase learners’ selective attention to input, input enhancement
uses a range of cues to increase the saliency and noticing of the target form,
including underlining, bolding, italicization, capitalization, color coding, and
different font sizes or types (Lee & Huang, 2008; Leow, 2007; Sharwood Smith,
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1993). Because noticing is thought to facilitate the acquisition of features in the
target language (Schmidt, 1990, 2001), learning contexts that promote the notic-
ing of forms and gaps between learners’ interlanguage and the target language,
such as visually enhanced input, may optimally facilitate L2 development
(Izumi, 2002). Previous research, however, has yielded mixed findings (e.g. Lee,
2007). For example, Polio’s (2007) review suggests that visually enhanced input,
such as coloring and bolding, had minimal positive effects on L2 development.
More recent meta-analytic work, however, has indicated that learners exposed to
visually enhanced learning materials performed better on measurements of L2
learning outcomes than learners that did not use enhanced texts (Lee & Huang,
2008).

Although the results of Lee and Huang’s (2008) meta-analysis seem to
suggest overall positive effects, the authors also pointed out a number of
limitations to the body of research in general (see also Han, Park, & Combs,
2008 for a review). For example, findings show a lack of sustained and
continued treatment periods, with two-thirds of the meta-analyzed sample
employing less than three treatments totaling 2 hours or less of exposure to
enhanced materials. Relatedly, Lee and Huang (2008) highlight the relatively
small number of word types and tokens that learners are exposed to, with the
primary studies included in the sample frequently exposing learners to one
text and number of token per target item most commonly under 50. Finally,
many of the studies examined in Lee and Huang (2008) used only one measure
to assess learners’ grammatical development, while the majority also focused
on production over receptive skills. By approaching assessment from a range
of perspectives, multiple measures may increase the likelihood that a learning
effect, which may have been missed by a single measure, might then be de-
tected. Such findings highlight the need for longer and more varied treatments
lasting across several sessions, as well as broader methods of measurement, to
better our understanding of the role of input enhancement on L2 development.

Computerized Input Enhancement

Within a CALL context, the effects of input enhancement may be improved, as
enhancement options can be more versatile and target items can be underlined,
highlighted, repeated, or expanded upon in a dynamic fashion (Chapelle, 1998,
2003). Input enhancement may be particularly natural in Web-based language
instruction when compared to static or paper-based texts because designers
have many options to enhance the saliency of target forms and structures,
including color, graphics, animations, acoustic enhancements, and keyboard
transcription (Collentine, 1998; Gascoigne, 2006; Labrie, 2000; Russell, 2012,
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2014). In addition to the increased textual enhancement options offered by com-
puterized techniques, computer-mediated input enhancement also expands the
opportunities for learners to engage with authentic, contextualized examples of
target language features in dynamic ways. For example, they provide the chance
for learners to go beyond receptive practice by interacting with the text via
clicking, filling in the blank, or selecting multiple-choice options in addition to
the automatic colorization of the target item. These options, available in ICALL
approaches such as the Working with English Real Texts interactively (WERTi)
system (Meurers et al., 2010) that integrate NLP to allow a learner to select any
text of interest for enhancement, may further benefit L2 development by sup-
porting learners’ processing, comprehension, and retention of input (Chapelle,
2003; Hulstijn, 2001; Loschky, 1994). Indeed, the potential benefits of enhanc-
ing the “vividness” of input for recall and retention were noted decades ago
(e.g., Baddeley, 1976; Jerisld, 1962). More recently, scholars have highlighted
the many ways that computer-mediated contexts might make input more vivid
through color, font, sound, and heightened interactivity (Cho & Reinders, 2013;
Gascoigne, 2006), thereby increasing opportunities for noticing and subsequent
development.

Discussions of the potential benefits of technology for language learning
(e.g., Chapelle, 2005; Golonka, Bowles, Frank, Richardson, & Freynik (2014);
Grgurović, Chapelle & Shelley, 2013; Heift & Schulze, 2007; Plonsky &
Ziegler, 2016) have highlighted the potential of ICALL to support the devel-
opment of a range of L2 skills (Schulze & Heift, 2012) and emphasized the
importance of integrating opportunities for both form- and meaning-focused
instruction (Amaral & Meurers, 2011). In Authentic Text ICALL (Meurers,
2012), the input also remains fully integrated in an authentic context. For
example, in the WERTi system the salience of specific target language forms
(determiners, prepositions, phrasal verbs, and wh-questions) is enhanced in
learner-selected Web pages by automatically producing visual enhancement
of these pages on the fly using NLP. Learners maintain control in terms of
their content selection, supporting autonomy and motivation (e.g., Dörnyei
& Ushioda, 2011; Ryan & Deci, 2000) while nonetheless drawing on teacher
knowledge about challenging grammatical features, automatically identified
through the NLP, in order to raise learners’ awareness of these forms.

The Current Study

ICALL research traditionally has shown relatively limited awareness of SLA
theories and constructs, such as focus on form and noticing, and there is very
little direct research on the potential methodological contributions of ICALL
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research to SLA (for exceptions, see Heift, 2010; Meurers, 2012; Schulze,
2008). The goal of this study is to explore the promise for research conducted
at the intersection of ICALL and instructed SLA and to illustrate this by
drawing on the results of a small-scale pilot study examining the efficacy of
computerized input enhancement on the development of L2 grammar. We ask
the following research questions:

1. What are the methodological implications of using an ICALL system to
administer automatic computerized input enhancement?

2. What are the effects of different types of automatic computerized input
enhancement on the development of learners’ implicit and explicit
knowledge?

To address the first research question, we examine the possible affordances
of research conducted at the intersection of ICALL and SLA, including
implications for data collection, analysis, and interpretation, for exploring
how this provides new opportunities for deepening our understanding of the
processes and products of instructed L2 acquisition. Based on the multifaceted
perspective on the potential benefits of using NLP technology for examining
and supporting L2 development, we then characterize possible research
agendas for future ICALL and SLA investigations.

Method

Participants
Fifty postgraduate students at Lancaster University (43 women, 7 men), with a
mean age of 25.41 (SD = 4.01), volunteered to take part in the experiment and
were randomly assigned to one of five conditions (each n = 10): Unenhanced
(control), Color, Click, Multiple Choice (MC), and Fill-in-the-blank (FIB).
All participants were native speakers of East Asian languages, including
Mandarin (38), Thai (7), Cantonese (2), Japanese (2), and Hokkien (1). English
language proficiency was assessed using learners’ most recent International
English Language Testing System or Test of English as a Foreign Language
scores, with learners falling between intermediate and upper-intermediate.
All participants reported owning a computer and being generally comfortable
using one, with average use for a typical day at 6.69 hours (SD = 2.33).
Participants reported spending an average of 2.72 hours per day (SD =
1.33) reading news Web sites, blogs, research articles, and social network
entries. Participants were eligible to win Amazon vouchers in return for
participating.
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Linguistic Target
English articles were selected as the linguistic target feature for the current
study given the well-documented difficulties in acquisition by learners
whose first language (L1) does not have articles (Ellis, Sheen, Murakami, &
Takashima, 2008; Huong, 2005; Muranoi, 2000; Robertson, 2000). This may
stem from English articles having low salience and their use not following
a simple rule. To our knowledge, little research on input enhancement has
focused on the learning of articles by English learners (although see Ha, 2005),
and specifically no other study has tested Chinese, Japanese, and Thai L1
speakers, who represent a substantial portion of worldwide English learners.

Materials
The treatment was administered via the WERTi system (Meurers et al., 2010),
a Web-based tool providing automatic visual input enhancement of authentic
texts on the Web to support L2 learning. The system integrates standard NLP
tools to identify the targeted language patterns. While the WERTi tool focuses
on English, the general Visual Input Enhancement of the Web approach
(http://purl.org/icall/view) supports multiple languages and target patterns.
For the experiment, a customized version of WERTi was created and made
available online. This version exclusively targets articles and integrates explicit
logging of all system interaction based on a login that automatically assigns
every subject to one of the four treatment groups or the control group.1

The study used a pretest/posttest design consisting of a battery of four
tests adapted from Akakura (2009). There were two versions of each test (A
and B); these versions were counterbalanced within participants and across
the pretest/posttest sessions.

Elicited Production Task (EPT)
Following Akakura (2009), participants were shown a PowerPoint document
with two stories taken from children’s books with no text, namely, Frog, Where
Are You? (test A; Mayer, 1969) and Frog Goes to Dinner (test B; Mayer,
1974), both of which have been used extensively in previous SLA research
(e.g., Akakura, 2009, 2012; Housen et al., 2011; Negueruela & Lantolf, 2006;
Treffers-Daller, 2011). In addition, this type of task has been shown to elicit a
range of linguistic features during spontaneous production (for a more detailed
discussion, see Sanchez & Jarvis, 2008). In each case, there were 14 sentences
that formed the story and participants had to produce various target articles
within the story context. In contrast to traditional elicited imitation tasks,
which require participants to repeat decontextualized sentences, this type of
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story-based EPT allowed us to test the use of a specific target feature while
participants focus on meaning.

Oral Narration Task (ONT)
This task was also delivered via PowerPoint and used the same 14 pictures as
the EPT. Learners were asked to explain the story in their own words as if they
were telling the story to a child. In order to make sure that this test measured
implicit knowledge, participants had restricted time (5 minutes) to complete
this task (Ellis, 2007).

Grammaticality Judgment Task (GJT)
An untimed GJT was used as a measure of explicit knowledge (see Loewen,
2009). This task consisted of 10 items and was delivered via Eprime. For each
trial, participants read a sentence on the screen and then judged whether it was
grammatical or not. Completion of this task took approximately 10 minutes.
Confidence ratings and source attributions were also collected (see Rebuschat,
2013, for discussion). However, the results of the subjective measures of aware-
ness are beyond the scope of this article and are therefore not reported below.

Metalinguistic Knowledge Task (MKT)
The untimed MKT test also measured explicit knowledge. This test was
delivered on PowerPoint and participants wrote their responses by hand on
an answer sheet. Participants were shown five sentences that contained an
underlined error related to article usage and were then instructed to correct the
underlined error without changing any other part of the sentence. Because this
task also assessed explicit knowledge, it was untimed, although completion
took approximately 10 minutes.

Procedure
Participants were tested individually in a quiet laboratory setting. After
providing informed consent, participants were introduced to the WERTi
system and completed the four pretests (EPT, ONT, GJT, and MKT). They
were asked to read 30 news articles over a 2-week period via the WERTi
interface and to complete a short online questionnaire for each article. During
the 2-week period, participants’ reading and interaction with the system
was tracked. In order to promote sustained exposure to the target structures,
learners were sent reminders if they were not logging into the system on a
regular basis. After two weeks, participants returned to complete the posttests,
a debriefing questionnaire, and a background questionnaire.
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Intervention
Each participant logged into the WERTi system with a unique username that
corresponded to one of the exposure conditions. After logging in, participants
were presented with a Web page that allowed them to search for current Reuters
news items. Learners searched for articles by entering a topic that interested
them in the search box. The system returned a list of results, consisting of titles
and short abstracts. Once one of the search results was selected, the system
showed the corresponding Reuters news Web page, which has been automati-
cally enhanced according to one of four experimental conditions (Color, Click,
MC, FIB). For the unenhanced (control) group, the system returned a Web page
without any enhancement, except for a clickable box inserted into all news pages
to allow the learners to go to the reading questionnaire after reading the text.

The bottom of the Reuters news search page also contained the only instruc-
tions that were specific to the group to which the participants were assigned.
In the colorizing condition, participants were instructed to pay attention to the
target words in a different color font (blue). In the Click condition, they were
asked to click on any instance of a, an, and the in the text. Additionally, an
example of how to click on the targeted words was provided. After clicking on
a word, which could not be undone, the system provided immediate automatic
color feedback, bold underlined green for correctly identified targets and red for
incorrectly identified ones. For the MC condition, participants were required to
select the correct targeted form from dropdown menus in order to complete this
spot of the text. As in the Click condition, instant automatic color feedback was
provided, but in this condition learners were able to select a different option un-
til the correct target was selected. In addition, clicking on a smiley face next to
the blank spaces made the system provide the correct answer (in blue). Subjects
were instructed to only use the smiley face as a last resort. In the FIB condition,
learners were asked to type in targeted forms to complete blank spaces in the
text. Upon completing a blank by pressing enter, instantaneous automatic color
feedback appeared just as in the MC case, and the smiley face option was equally
available. At the bottom of the Reuters news search page, learners of all groups
were instructed to complete a questionnaire after reading the selected text.

Reading Questionnaire
After each article, participants reported perceived text difficulty (ranging from
1 = very easy to 5 = very difficult), enjoyment of the text, and familiarity
with text topic (ranging from 1 = very much to 5 = very little; Pino-Silva,
2006). This was done to ensure that the texts were relatively comparable
across groups. Learners were also required to write a two-sentence summary
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of the article, as a measure of general comprehension and engagement, and
could optionally leave comments. At the time the reading questionnaire was
completed, the article was no longer visible.

Learner Log Files
The WERTi system kept a log file for each learner, recording information
about the news article and the targeted forms that appeared in it; the learner’s
interaction with these targeted forms in the Click, MC, and FIB conditions;
and the completed reading questionnaire. It recorded the total number of words
in the news article and the total numbers of targeted items (a, an, the) in each
text; the total number of attempted and unattempted items, incomplete items
(only for the MC and the FIB groups), correct and incorrect items, and cheat
instances (clicking on the smiley face in MC or FIB). The unattempted items
are those that the learner did not interact with in any way, so were mutually
exclusive with attempted.

Results and Discussion

Pretest and Posttest Scores
The first research question examines the efficacy of computerized visual
input enhancement on the development of learners’ implicit and explicit
knowledge. In order to test whether the treatments resulted in learning, we
compared pretest and posttest performance across conditions. Results from a
paired-samples t test indicated just one significant difference between groups.
In the MC group, the posttest scores of the GJT were significantly greater
than the pretest scores, t(9) = –5.511, p < .001 suggesting that the MC group
was the only group to demonstrate a learning effect and that learning effect
was restricted to explicit knowledge. No other pretest–posttest contrasts were
significant. Table 1 summarizes participants’ performance on the four tests.

The fact that the pretest–posttest comparisons only revealed a positive
benefit for the MC group lends support to Polio’s (2007) finding that
narrowly defined enhancement techniques, such as colorization, are minimally
effective at facilitating L2 development, while more broadly operationalized
enhancement, such as might be found in the MC or Click conditions where
learners were required to interact with the materials, may lead to relatively
greater development. In addition, the only significant development was found
in a measure of explicit knowledge, suggesting that there may not have been
sufficient time for the development of learners’ implicit knowledge.

While these results suggest that there may be positive benefits for comput-
erized input enhancement, particularly when using types that require learners
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Table 1 Descriptive statistics for pretest and posttest comparison of percentage scores

Test Control Color Click MC FIB

Pre Post Pre Post Pre Post Pre Post Pre Post

Elicited
production

M 67.3 68.5 70.2 64.9 72.9 69.8 71.2 78.1 68.1 65.8
SD 10.9 15.8 18.3 13.4 12.4 18.0 13.2 10.7 14.5 16.2

Oral narration M 89.9 94.6 89.4 92.5 90.5 92.5 93.4 93.9 91.4 93.3
SD 5.43 4.81 7.53 5.93 7.62 7.71 5.64 7.39 6.19 7.82

Grammaticality
judgment

M 7.4 7.9 7.2 6.7 8 8.1 6.5∗ 8.30∗ 8.1 8.6
SD 2.07 1.66 1.87 1.7 1.56 1.91 0.71 0.95 1.1 0.97

Metalinguistic
knowledge

M 1.82 1.88 1.92 1.92 1.9 1.98 1.88 1.96 1.78 1.86
SD 0.22 0.32 0.14 0.1 0.14 0.06 0.25 0.08 0.22 0.21

Note. Significance from chance: ∗p < .001, t = –5.511. MC = Multiple Choice; FIB =
Fill-in-the-blank.

to actively engage with the input, the results should be interpreted with caution
in light of the small number of participants and high number of conditions
compared. This points to the more general conclusion that automating the
intervention should be accompanied by Web-based administration of all
pretests and posttests to support scaling up to sufficiently large sample sizes.
In addition, these results highlight the possibility that by relying solely on
pretest–posttest comparisons, important results, such as those of the Click
condition discussed below, may be obscured by the lack of multiple measures of
assessment.

Treatment
On average, participants read 27.18 texts (SD = 6.05) as part of the treatment.
The average text was 414.96 words (SD = 91.26) in length and took 7:13
minutes (SD = 3:45) to read. Participants encountered 33.64 (SD = 7.67)
target forms per text, with the definite article accounting for 67% of the target
forms and the indefinite article (in both spelling variants) accounting for 33%.
There were no significant differences between groups in terms of treatment,
with all p > .05. Table 2 summarizes the reading behavior of the five groups
during the treatment period.

Table 3 summarizes the results of the reading questionnaire, which
prompted participants to rate each text on a scale from 1 to 5 in terms of
difficulty, enjoyment, and familiarity. The mean difficulty rating was 2.25
(SD = .71), while the mean enjoyment rating was 2.43 (SD = .69) and the mean
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Table 3 Descriptive statistics for Likert-type scale items in the reading questionnaire

Control Color Click MC FIB

M SD M SD M SD M SD M SD

Difficulty 2.25 0.64 2.52 0.77 2.08 0.45 1.78 0.56 2.64 0.83
Enjoyment 2.41 0.6 2.68 0.73 2.62 0.5 1.78 0.6 2.68 0.68
Familiarity 2.55 0.56 2.8 0.76 2.68 0.7 2.11 0.83 2.89 0.70

Note. MC = Multiple Choice; FIB = Fill-in-the-blank.

familiarity rating was 2.61 (SD = .74). There were no significant differences
between groups in terms of text difficulty, enjoyment, or familiarity (p > .05).

Development of Accuracy During Treatment
Given the purpose of this pilot study to illustrate the options for analyzing
the process of learning in addition to the standard pretest/posttest analysis, we
next turn to an analysis of the logs providing a more fine-grained, incremental
assessment of learner development.

The scatterplot in Figure 1 gives an overall impression of the development
of the precision with which individual learners completed the Click, FIB, and
MC activities. Each mark corresponds to a document read by a learner, with the
x-axis showing the cumulative number of items a learner had interacted with
up to that point. The linear regression lines for each of the three conditions,
with 95% confidence intervals indicated in grey, show that the accuracy of
learners in the Click condition was higher than in the other two conditions,
often reaching ceiling, and that learners interacted more with the text in the
Click condition, clicking on up to 1,250 items in the 30 texts they read.

Focusing on the individual learners for the Click condition, the individual
regression lines in Figure 2 show that many individuals perform close to
perfect from the start, with half a dozen showing improvement in the first half
of their interactions, and only one learner apparently dropping in precision.

Turning from the visual overview to a more precise, statistical analysis, we
used a linear mixed-effects regression model to explore the incremental process
of learning when participants interacted with the target items in the Click, FIB,
and MC conditions. Specifically, we used R (R Core Team, 2015) and lme4
(Bates, Maechler, & Bolker, 2015) to perform a linear mixed-effects analysis of
the detailed system interaction log data. Linear mixed-effects regression allows
researchers to account for individual variation among participants and test
items. It supports dealing with both fixed and random effects at once (Baayen,
2008; Jaeger, 2008). A fixed effect is a difference between observations with
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Figure 1 Scatterplot of precision by interacted items with group regression lines.

different values on an independent variable, with different levels that convey
more information than just being different identities (e.g., treatment vs. control
groups). A random effect, on the other hand, is the variance of effects as a
function of, in principle, randomly drawn observations. Simply put, fixed
effects are employed to account for variation due to experimental factors,
whereas random effects account for variation due to different observations
that cannot be distinguished beyond their being different observations. Activity
type (three levels: Click, FIB, MC) and the interaction of its levels with time
(i.e., every time the learner logged into the system, to read the first text, the
next text, up to the 30 texts) were entered into the model as fixed effects.
As random effect, random intercepts were estimated for items (i.e., number
of target items interacted with by each learner) and learners (i.e., random
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Figure 2 Scatterplot of precision for Click group with individual regression lines.

differences of difficulty between items and random differences in accuracy
between individuals). The regression model included all fixed effects, as
well as two two-way interaction terms (i.e., two dummy-coded activity type
variables by time). We report a summary of the model in Table 4.

The interaction of activity type and time was significant, X2(2) = 21.776,
p < .001, meaning that the effect of time on accuracy is different across activity
type groups. In order to assess the effects of time within the different activity
type groups, we calculated simple slopes. For the Click condition, there was
a positive effect of time, and it was significant (coefficient = 0.020, z = 2.639
p < .001). For the FIB condition, there was a positive effect of time, but it
was nonsignificant (coefficient = 0.007, z = 1.823, p > .006839). For the MC
condition, the time slope was significant and negative (coefficient = 0.006,
z = –2.166, p < .05).
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Table 4 Linear mixed-effects regression for incremental tracking of performance

Fixed effect Estimate SE z value

Intercept 2.953 0.204 14.503∗∗∗

ActivityFIB −1.728 0.259 −6.679∗∗∗

ActivityMC −1.736 0.260 −6.678∗∗∗

Time 0.020 0.007 2.639∗∗

ActivityFIB:Time −0.013 0.008 −1.597
ActivityMC:Time −0.025 0.008 −3.215∗∗

Random effects Variance SD
Item 0.017 0.130
Learner 0.343 0.586
Residual 1

Note. SE = standard error; FIB = Fill-in-the-blank; MC = Multiple Choice. ∗∗∗p <

.0001, ∗∗p < .001.

Overall, the strongest time effect was in the Click condition, indicating
that the longer learners interacted with the target items, the more accurate they
became at identifying articles in the texts over the course of the treatment. Of
course, the MC and FIB tasks essentially were different in nature in that the
system selected the article in the text and the learner had to choose the right
one (a, an, the). It should also be noted that for the current research the pilot
experiment was not designed to isolate the impact of input enhancement from
the effect of learners’ selecting one of several options in the MC condition.
Future research should consider isolating these variables in order to obtain a
better understanding of their empirical effects. However, because the goal of
the current study was to explore the possibilities of research conducted at the
intersection of ICALL and SLA, this is not addressed further in this article.

Regarding the random effects, items explain relatively little variance, given
that the random intercept of the items do not vary greatly around the overall
intercept. However, learners show considerable variance around the intercept,
which is about 25% of the entire variance in the design, as explained by
individual differences between learners. This confirms the relevance of taking
into account explicit measures of individual differences in order to further
analyze which specific aspects are potent here.

Research at the Intersection of CALL, NLP, and SLA: Opportunities

and Challenges

Surfacing from the specific pilot study discussed for illustration, we want to
argue that the current lack of a stronger connection between SLA and the NLP
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research underlying ICALL is indeed a missed opportunity. The strategic use
of technology offers not only the potential to provide insight into the processes
and products of L2 acquisition, but also opportunities for methodological
advancement that are not readily available using traditional experimental
methods. While research methods in SLA have improved during the past few
decades, there remains room for improvement, for example, in terms of testing
practices and sample sizes (Plonsky, 2013). Drawing on the results of the pilot
study, we turn to a discussion of how the use of technology in a quantitative
research design provides additional perspectives.

The current study examined whether automatic input enhancement of
authentic language learning materials contributed to the development of L2
learners’ implicit and explicit knowledge of English articles. Initial results,
which relied on a traditional approach using learners’ pretest and posttest
scores, demonstrated a positive effect for the MC enhancement conditions on
the measures of explicit knowledge, indicating the benefits of dynamic input en-
hancement on learners’ L2 knowledge. Though these results provide important
information regarding the efficacy of input enhancement in computer-mediated
contexts, they offer a relatively narrow perspective on learners’ possible de-
velopment. For example, by relying on correlations and gains from pretest to
posttest, our understanding of the impact of input enhancement is restricted
in two ways: (1) It is only possible to observe trends in terms of the group as
a whole population, rather than as a number of individuals and (2) it is only
possible to view development in terms of relatively few measurements over
time.

Using an ICALL system, however, in which learners’ actions and
engagement with the system are automatically tracked and collected, provides
researchers with opportunities to obtain fine-grained logs of both learners’
activity and development over time. For example, the WERTi system
automatically collects information on a diverse number of factors directly
related to learner interaction with the enhancement conditions. These log
files provide researchers with a range of options for analyzing and measuring
learner development beyond the perspective of a traditional pretest/posttest
design. By tracking learners during treatment, it is possible to obtain a more
fine-grained and nuanced understanding using a time-series design, providing
insight into learners’ individual trajectories of development. Time-series
designs are particularly suited to examining individual variation and the
process of change, a relevant goal given that research has suggested that L2
acquisition is nonlinear and incremental with small changes occurring over
long periods of time (e.g. Huebner, 1983; Klein & Purdue, 1997; Lantolf &
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Aljaafreh, 1995; Stauble, 1978). Furthermore, traditional group designs are
unable to apply findings from group means to individual cases, providing
only a general perspective on the effects of the treatment on the population of
interest.

Tracking the individual interaction of learners using Web-based CALL
systems makes it possible to obtain detailed individual logs of the learning
process. In contrast to lab-based methods such as eye tracking, providing
fine-grained online data over relatively short periods of time, learners can use
Web-based CALL tools for months in their ordinary learning contexts, at home
or in an institutional learning environment, leaving an incremental record of
their interaction during real-life learning. The individual learner logs thereby
can supply the data necessary to examine each learner’s path of acquisition (cf.
Murakami, 2013). With ICALL systems such as WERTi providing automatic
enhancement of any learner-selected content, the individual learner log files
record fine-grained data of each of the learners’ activities, including their
exposure in terms of number of words, number of target items, and amount of
engagement with the text. Given that over 60% of the studies examining the ef-
fects of input enhancement used designs with less than three treatments totaling
2 hours or less of exposure to enhanced materials (Lee & Huang, 2008), longer
studies providing more detailed information regarding the intensity and amount
of exposure to input and enhanced materials would be crucial to understand the
role of input enhancement in L2 development, as well as the intensity and dura-
bility of input enhancement treatment in practice. Based on individual learner
logs from ecologically valid activities such as reading news articles on the Web
in a Web-based interface such as WERTi, it is possible to control for exposure
to input as well as the instances of enhanced texts as potentially mediating
variables on the benefits associated with input enhancement. By asking learners
to choose the texts they want to read using a linguistically aware search engine
such as Form-Focused Language-Aware Information Retrieval (Chinkina &
Meurers, 2016), it also is possible to influence learners to select texts that
richly represent targeted language patterns. In addition to issues related to such
input enrichment and input enhancement, being able to track how learners
engage with the texts they read may also deepen our understanding of whether
learners’ interaction with texts facilitates L2 development by supporting
learners’ processing, comprehension, and retention of input (Chapelle, 2003;
Hulstijn, 2001; Loschky, 1994). Although the sample size of the current study
is small, the findings highlight the potential for this type of interdisciplinary
work to deepen our understanding of how incremental changes in L2 develop-
ment might occur during treatment, as well as how the longitudinal impacts of
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experimental interventions on L2 learning outcomes occur on a case-by-case
basis.

In addition to the analytical advantages that ICALL systems might provide
for examining the process and outcomes of L2 acquisition, such systems offer
opportunities for large-scale, systematic administrations of testing and treat-
ments. Plonsky’s (2013) recent analysis demonstrated that the median group
size in SLA research was 19 participants. Previous research has highlighted
the potentially negative effects of the small sample sizes typical in L2 research,
particularly in terms of reduced statistical power (e.g., Flahive & Ehlers-Zavala,
2010; Norris & Ortega, 2006; Oswald & Plonsky, 2010). Although a number
of scholars have called for greater awareness of the implications of statistical
power (e.g., Larson-Hall, 2010; Lazaraton, 1991; Plonsky, 2013; Plonsky &
Gass, 2011; Ziegler, 2016a, 2016b), due to logistical and situational challenges
of recruiting and sustaining large numbers of participants, SLA researchers may
be unable to obtain more participants despite understanding the importance of
doing so. Though not applicable for every research question and design, the use
of Web-based ICALL systems might provide options for increasing sample size
by reducing logistical issues, such as the need for learners to attend in-person lab
or classroom sessions and returning multiple times for testing administration—
at least when the relevant tests are fully integrated into the Web-based setup,
which requires more collaboration of SLA and ICALL researchers.

Conclusion

During the last few decades, CALL and NLP-supported ICALL has rapidly
evolved to include a diverse range of computer-mediated language learning
activities, tools, materials, and Web-based learning environments. These
developments are providing researchers with opportunities to more closely
investigate well-known processes and constructs of L2 acquisition and
learning. The case study presented in this article illustrates the promise of
research conducted at the intersection of CALL, NLP, and instructed SLA
by not only providing further empirical evidence supporting the efficacy of
input enhancement for L2 development, but by also exploring how innovative
technologies might deepen our understanding of L2 acquisition. While
ICALL systems employing NLP analysis are far from a cure-all, they offer
researchers new or enhanced opportunities to obtain potentially well-scalable,
multifaceted perspectives on the impact of instructional treatments, such as
input enhancement, on the process and products of L2 learning.

Final revised version accepted 24 November 2016
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Note

1 The system can be accessed at http://purl.org/icall/werti-art
by researchers using the logins test.1 (color), test.2 (click), test.3 (multiple
choice), test.4 (fill-in-the-blank), test.5 (control) with the password Beatles.
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