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Introduction 
Technologies take their respective places in the ongoing dispute over grammar teaching, 
which has been appropriately described as a "linguistic and political battlefield" (Metcalfe 
1992) due to the ever-changing levels of acceptance of focusing on grammar in second lan-
guage (L2) teaching approaches over the past decades. There have been periods during 
which grammatical accuracy was the prime goal, but there also have been times where the 
teaching of grammar was abolished altogether. These debates, however, not only focused on 
the central question of if and when grammar should be taught but also how it should be 
taught. 

In a history with many apparent recommendations about grammar teaching, the debate 
has focused on two main approaches to grammar teaching: explicit and implicit. Explicit 
grammar teaching emphasizes rules as a form of metalinguistic knowledge and is equated 
with the deductive teaching of discrete points of grammar. An emphasis is placed on system-
atically teaching isolated linguistic forms by following a structural syllabus. In contrast, 
implicit approaches to grammar teaching are exemplar based and derive from the assump-
tion that there are similarities between L2 learning and L1 acquisition and that comprehen-
sible language input arising from natural interaction is central (see Krashen 1988). The 
overall focus of this inductive teaching approach is on meaning and/ or communication 
rather than linguistic form. These two main approaches to grammar teaching are also 
reflected in the ways in which L2 grammar is taught and learned with technology. Yet, newer 
technologies are not limited to the traditional dichotomy of implicit and explicit teaching 
approaches. Instead, they emphasize both learner-computer and interpersonal interactions 
by promoting independent discovery and learner autonomy through the exploration of 
authentic language. 

This chapter discusses four technology-based pedagogies for L2 grammar: tutorial 
CALL, intelligent CALL (ICALL), data-driven Learning (DDL), and computer-mediated 
communication (CMC). We first describe their respective goals and SLA frameworks and 
then provide examples of the tools developed for the L2 grammar classroom by situating 
each learning environment within its teaching approach to L2 grammar instruction. Finally, 
we present an overview of research studies that have been conducted within these learning 
environments by focusing on learner feedback in ICALL and CMC, and learner autonomy 
in DDL. 
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Four technology-based pedagogies for L2 grammar 
The origins of CALL in general as well as CALL-based L2 grammar teaching and learning in 
particular can be traced back to the 1960s. Influenced by the structural view of language 
dominant at the time, these CALL applications, commonly referred to as tutorial CALL, 
focused exclusively on explicit grammar teaching. Yet, due to technological advances and 
influenced by mainly the interactionist (Long 1996; Gass 1997) and sociocultural schools 
(Lantolf and Thorne 2006; Thorne 2003) of Second Language Acquisition (SLA), the teaching 
and learning of L2 grammar with technology shifted to emphasize the ways in which learners 
interact with the technology and their peers when they perform tasks and process language. 
Examples of such technologies are ICALL, DDL, and CMC which we discuss along with 
tutorial CALL in the following. 

Tutorial CALL 
In tutorial CALL, the computer takes on the role of a tutor (Levy 1997) by evaluating learner 
responses and presenting new material in one-to-one interactions. In early tutorial CALL 
applications, learners were provided with mechanical practice of selected and graded 
grammatical phenomena, such as the use of personal pronouns or verb tense, in the form of 
drills, similar to those commonly found in the face-to-face classroom during the prevalence 
of the Audio-Lingual Method up to the 1970s. The focus of tutorial CALL applications was 
on repetition and immediate feedback, which were provided while allowing students to 
work at their own pace and time. Later applications placed an increased focus on record 
keeping and the individualization of the learning experience by paying particular attention 
to branching, that is, the individualization of practice sequences based on prior student 
performance (Burston 1989). 

Tutorial CALL follows a deductive teaching approach to grammar by presenting explicit 
explanations of grammatical concepts and by focusing language practice on graded and dis-
crete grammatical points. The grammar learning activities mainly consist of short sentence-
based practice and cover isolated grammatical forms which are presented as multiple choice, 
fill-in-the-blank, match or rank, and reassemble or translate small chunks of text items 
(Hubbard and Siskin 2004; Schulze and Heift 2013). These activities are nowadays integrated 
in authoring programs that allow teachers to generate grammar exercises without program-
ming expertise (see e.g., Arneil and Holmes 1999). 

One of the main differences among tutorial CALL programs lies in the ways in which 
learner responses are processed and evaluated. These underlying algorithms determine 
the distinct ways in which the CALL application responds to learner errors. The three 
most commonly used algorithms are string matching, pattern mark-up, and error 
anticipation. 

Tutorial CALL applications which are based on string-matching algorithms and binary 
knowledge of answer processing compare the learner input with a pre-stored, correct answer 
(e.g., Williams, Davis, and Williams 1981). For instance, the grammar activity given in 
example (1) illustrates a typical tutorial CALL exercise which asks the learner to complete 
the sentence with the correct word form. 

(1) Prompt: Are you afraid of ____ (to fly, fly, flying)? 

Learner response: to fly 
System response: Wrong, try again! 
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If the student answers with the infinitive "to fly," the system will identify that an error has 
occurred and respond with a generic error message (e.g., Wrong, try again!). However, even 
if the student chooses the correct answer "flying" but misspells it, the CALL program will 
provide the same error message and thus not make a distinction between different error 
types. Accordingly, and due to the underlying algorithm of processing learner input, simple 
string matching cannot channel learners toward the correct answer or focus their attention 
on the error. The algorithm is limited to a yes/no response. 

Pattern mark-up is an example of a more sophisticated error processing algorithm also 
employed in tutorial CALL applications. Here, the computer makes a non-syntactic 
comparison of the student answer with the string stored as the correct answer, and also 
searches for variations on the correct response such as patterns consisting of inversions of 
characters, extra characters, missing words, extra words, and the like. Pattern mark-up was, 
for instance, implemented in the foreign language authoring package DASHER developed 
in the early 1980s (Pusack 1983). In a typical DASHER exercise, the program may instruct the 
student to change, for instance, the verb tense in a sentence by rewriting the entire sentence. 
The program then would scan the sentence left to right by performing a simple character-by-
character match and informing the student of any character mismatch with a special symbol. 
While this answer-processing technique allows for less controlled and thus more challenging 
learning activities, a similar shortcoming as found with simple string-matching algorithms 
lies in its diagnostic capabilities in that it cannot explain an unanticipated error. 

Finally, error anticipation, another popular answer-processing technique of tutorial CALL, 
is based on a collection of likely errors which commonly is established by means of a contras-
tive analysis between the L1 and L2 that the system targets in the learner response (see e.g., 
Liou, Wang, and Hung-Yeh 1992). Each error is associated with a pre-defined error message 
but the CALL program cannot provide informative feedback for errors which are not antici-
pated. For instance, if the student answers to fly for the activity in example (1) and the error 
has been anticipated, the system will be able to identify the error and inform the student that 
the infinitive is wrong because "afraid of" requires a gerund. In contrast, if the error has not 
been anticipated, the system response will result in a generic feedback message. 

Despite relatively high levels of sophistication of the answer processing techniques in 
some tutorial CALL applications, the main challenges and limitations remain: the under-
lying algorithms are not scalable because the number of ill-formed responses that students 
might make to a prompt is infinite and thus cannot be anticipated. For this reason, the com-
puter needs to be capable of a more sophisticated linguistic analysis of student input to 
detect errors and provide instructional guidance. Broadly speaking, this approach is taken in 
I CALL, which enriches the L2 grammar learning experience by providing contextual learner 
feedback and instructional guidance based on the complex linguistic processing of students' 
textual input. 

ICALL 
ICALL relies on natural language processing (NLP), student modeling, and expert systems. 
NLP techniques model "understanding" of human language by a computer by producing a 
formal linguistic representation of learner input with the goal to provide informative and 
error-specific corrective feedback, instructional guidance and scaffolding, and information 
about the learner's current interlanguage state. The record of this information over time, 
which is maintained in student profiles, provides the basis for the construction of a student 
model. Expert systems provide the knowledge base of the facts and rules about the lan-
guage. They represent a rich source of linguistic knowledge that can guide and scaffold 
learning processes, enable learners to query this knowledge base during task completion, 
and serve as a comprehensive reference tool in learner-computer interactions. Most ICALL 
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applications for L2 grammar teaching and learning can broadly be categorized into two 
main categories: Intelligent Language Tutoring Systems (ILTSs) and language tools. 

The article by Weischedel, Voge, and James (1978) is commonly cited as the first publica-
tion that reports on an ILTS which the authors developed for L2 German. The main advantage 
of ILTSs over tutorial CALL applications lies in its contextual corrective feedback in response 
to learner output. ILTSs place a strong focus on learner-computer interactions (Schulze and 
Heift 2013). However, these ICALL applications illustrate a different type of interaction and 
noticing process in the face-to-face interactions and classroom learning, where interactionist 
SLA originated. ICALL creates opportunities for learner-computer interactions with com-
puter reactions and responses to learner output, error detection, and error-specific feedback, 
and they draw the learners' attention to a gap between their interlanguage and the target 
language through salient modified language input. Accordingly, and based on sophisticated 
NLP technologies, an ILTS identifies and interprets errors as well as correct constructions in 
learner input and then generates pedagogically appropriate, informative learner feedback by 
instructing the learner as to the exact location and source of an error. Example (2) illustrates 
such error-specific, metalinguistic feedback with a sentence-building activity which requires 
the learner to form a German sentence by providing missing articles and inflections. 

(2) Prompt: Kind/noch/klein/sein 
child/still/young/to be 

Learner response: *Der Kind ist noch klein. 

Correct answer: Das Kind ist noch klein. 
The child is still young. 

If the student incorrectly provides the article Der for the noun Kind, the I CALL system 
informs the learner that an error has occurred with the article of the neuter noun. In addition, 
an ILTS is capable of distinguishing among different types of errors. For instance, if the stu-
dent misspells a word (e.g., "Kint" instead of "Kind"), the system also instructs the learner 
accordingly. Unlike tutorial CALL, ICALL is able to provide appropriate feedback to a large 
range of unanticipated errors that the student may make. 

Examples of ILTSs that are used in regular L2 curricula are £-Tutor (Heift 2010) for L2 
German, Robo-Sensei (Nagata 2009) for L2 Japanese, and Tagarela (Amaral and Meurers 2011) 
for L2 Portuguese. These three ICALL systems present materials to students in the form of an 
electronic textbook. As the students complete the exercises, the system provides feedback on 
spelling, morphological, syntactic, and semantic errors for L2 grammar practice. Due to the 
more sophisticated NLP analysis of ILTSs, their learning environments and activity types are 
also less restricted than those found in textbooks and especially than those found in tutorial 
CALL. An ILTS may also reflect an inductive approach to teaching and learning L2 grammar 
and emphasize peer collaboration and interaction during a goal-oriented CALL activity (see 
Thome 2003). For instance, Dickinson et al. (2008) designed an ICALL system for teaching par-
ticle usage for first-year L2 Korean learners embedded in a CMC environment in which dyads 
engage in an information-gap activity. Learners are presented with a spot-the-differences task 
of two different cross-sections of a house and must identify similarities and differences in the 
actions and locations of family members shown in the two versions. The dyads construct 
Korean sentences by dragging words from a word bank and can obtain corrective feedback 
from the ICALL application on the grammaticality of their sentences before submitting them 
to their peer in a chat box. In contrast to explicit grammar teaching, however, the emphasis 
and goal of the activity is to provide an authentic, communicative task and the decision to 
check the grammaticality of their message with the I CALL application is left up to the learner. 
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In addition to ILTSs, a variety of ICALL language tools have also been developed to assist 
learners with their L2 grammar. In these environments, the computer takes on the role of a 
tool (Levy 1997) by empowering the learner to use or understand language and by enhancing 
L2 grammar awareness with strategies that highlight the salience of language categories and 
forms (Sharwood Smith 1993). Schmidt's (1990) Noticing Hypothesis underpins some of this 
ICALL work by recognizing the role of consciousness in L2 learning and drawing the 
learners' attention to salient grammatical forms. For instance, Meurers et al. (2010) designed 
WERTi, an NLP architecture which provides visually enhanced versions of web pages. 
Language input enhancement is achieved by highlighting and annotating certain grammatical 
forms (e.g., determiners, prepositions) that generally pose difficulties for ESL learners. These 
grammatical forms appear in texts that learners freely select from the internet. Similarly, The 
Microsoft Research ESL Assistant developed by Gamon et al. (2009) is a web-based proof-
reading tool designed primarily for L1 speakers of East-Asian languages studying ESL. The 
system targets a variety of syntactic, morphological, and lexical selection errors. With the 
goal to stimulate language awareness, The ESL Assistant displays correction suggestions by 
allowing users to explore and compare their language production with real-world examples 
it found on the internet. 

In addition to these more comprehensive I CALL tools, students may also have contingent 
access to online dictionaries (e.g., Hamel 2010), grammar, and spell checkers (e.g., Burston 
2001; Cowan et al. 2014), and morphological analyzers (e.g., ten Hacken and Tschichold 2001; 
Wood 2011) which generate context-sensitive inflectional paradigms (e.g., Heift 2010) that 
assist learners with their language learning activities. 

Corpora and Data-driven Learning 
Corpora, or large electronic collections of texts, have been applied for the purposes of 
language learning and teaching since their emergence in the late 1960s (Chambers 2005). 
Such applications can be of both indirect and direct nature. In indirect applications, cor-
pus-based research studies have informed the development of new teaching materials: 
reference grammars and textbooks that accurately reflect actual language usage and that 
use attested and not invented examples. Over 25 years ago, however, priorities in the use 
of corpus research for language teaching expanded to include direct applications, 
although the origins of such applications are in the 1980s (Higgins and Johns 1984; Johns 
1986). Johns (1991) singled out direct corpus-based applications as a distinct language 
teaching and research direction and called it DDL, adopting a term from computer sci-
ence. Since then, the pedagogical variations that can be developed based on DDL have 
been expanding continuously (see Boulton and Perez-Paredes 2014; Romer 2011 for 
overviews). 

Theoretically, DDL is consistent with Usage-Based Grammar theory (e.g., Robinson and 
Ellis 2008) as we know it today, namely with its four principles. According to the first prin-
ciple, languages are learned from exposure to specific linguistic exemplars in the environ-
ment that leads learners to gradually make generalizations and create linguistic rules. The 
second principle is that grammar and the lexicon are inextricably intertwined. Accordingly, 
in most DDL interventions, the teaching of grammar is integrated with the teaching of the 
lexicon and the main object of study is referred to as "lexico-grammar" (Chambers 2005; 
Conrad 2000). The third principle is what Conrad (2000) described as "a new view of 
grammar" (558) · that takes into account choices that learners make among possible 
grammatical alternatives rather than purely formal accuracy. The fourth principle is the pri-
macy of rich and salient target language input for language learning. Corpora are potential 
sources of rich language input as they allow teachers and learners to obtain large numbers of 
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examples of target constructions (if the selected corpus is representative of these constructions). 
Furthermore, using concordancer tools for retrieving corpus search results makes the 
language input salient. This visual salience, or input enhancement, is realized through con-
cordance lines, or stacked text excerpts with the search words highlighted and centered. For 
example, the search string depend* entered in the Michigan Corpus of Academic Spoken 
English (MICASE) (Simpson et al. 2002) concordancer interface yields 598 matches, an 
excerpt from which is presented in Figure 3.1. The visual highlighting of the words contain-
ing the stem depend facilitate analysis of usage patterns. Among other things, the learners 
may infer from this analysis that depend may function as the stem of verbs, participles, nouns, 
and adjectives; that the forms of the verb to depend are most frequently followed by the prep-
osition on and sometimes upon, and that the noun dependency can be followed by the prepo-
sition between. Furthermore, by clicking on marginal links provided in each concordance line 
(not shown in Figure 3.1), the learners can see the whole transcript containing the line as well 
as contextual information (speaker ethnographic information, academic event type, etc.). 

Owing to these characteristics, corpora lend themselves to an inductive approach to lan-
guage teaching and learning, in which learners more or less independently engage in 
"pattern-hunting" and "pattern-defining" (Kennedy and Miceli 2010, 31) with the teacher 
assisting them as a facilitator. Furthermore, DDL has also been associated with learner 
autonomy: "the learner's psychological relation to the process and content of learning-a 
capacity for detachment, critical reflection, decision-making, and independent action" (Little 
1991, 45). This emphasis on independent discovery, serendipitous learning, and learner 
autonomy has been reflected in metaphors like "researcher" and "observer" that have been 
used to describe a learner engaged in DDL. The number of resources providing guides and 
models for specific DDL activities for teachers and learners (e.g., Reppen 2010) has been 
recently growing, although still is insufficient (Romer 2011). 

Although corpora have sometimes been referred to as research and teaching "tools," they 
are rather repositories of texts, which need to be distinguished from software tools that are 
required for their exploration (Anthony 2013). The corpora most frequently used for DDL 
purposes are large English native speaker corpora such as the British National Corpus (BNC) 
and the Corpus of Contemporary American English (COCA). However, increasingly more 
DDL studies have been reporting on the utilization of specialized corpora (Bloch 2009), 
learner language corpora (Cotos, 2014; Granger 2003), and corpora in languages other than 
English (Kennedy and Miceli 2010; Vyatkina 2013, 2016a, 2016b). 

As far as corpus search and analysis fools are concerned, large online corpora are typically 
equipped with a number of built-in software tools that can be used either with free access or 
with the publisher's permission; in contrast, for utilizing locally designed corpora, researchers 
and teachers have to rely on external software or design their own tools (Anthony 2013). 
Tools beyond concordancers (see Figure 3.1) include annotation programs that allow for tag-
ging raw corpus data for abstract grammatical categories and are thus especially valuable for 
DDL of L2 grammar (e.g., lemmatizers, part-of-speech (POS) taggers, syntactic parsers) and 
statistical analysis and visualization programs ( e.g., key word lists, ranked word frequency 
lists, word association strength measures, distribution plots). For example, the search string 
prep.ALL in the "Chart" interface of COCA (Davies 2008), yields a chart showing how all 
prepositions are distributed among different genres/registers (Figure 3.2). It is revealing to 
see that prepositions are used with the highest frequency in academic texts and with the 
lowest frequency in spoken texts. This finding confirms that academic texts are characterized 
by a "nominal" style (with a high frequency of prepositional phrases) as opposed to spoken 
texts (see Biber 1988). An encouraging development is that several recent DDL publications 
have presented new online corpus-based grammar resources ( concordancers and other 
tools), some of which are available to other teachers and researchers (e.g., Bloch 2009; 
Hegelheimer 2006). 
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Computer-mediated communication 
The first attempts to use CMC technologies for language teaching purposes, primarily the 
asynchronous (ACMC) email and the synchronous (SCMC) chat, were made in the 1990s, 
and the field has been rapidly expanding ever since. Such pedagogical applications are 
grounded in theories that consider interpersonal communication a crucial driving force in L2 
development: the interactionist theory (Chapelle 1998) and the sociocultural theory (Thorne 
2003). Furthermore, CMC has been shown to have many features similar to face-to-face lan-
guage classroom interactions such as clarification requests and feedback, but also some 
added benefits such as increased participation and improved learner attitudes (Chun 1994; 
Kern 1995). Additionally, due to its text-based nature, CMC provides more planning time 
and more monitoring and revision opportunities to learners as compared with face-to-face 
communication. 

The first studies that reported on the potential of CMC for teaching of L2 grammar were 
informed by the interactionist theory (e.g., Salaberry 2000). They showed that L2 learners 
incidentally focused on language form during meaning-oriented CMC exchanges with their 
peers when communication broke down due to grammatical errors. Such incidents were 
manifested in so-called Language-Related Episodes (LREs), defined in face-to-face commu-
nication as "any part of a dialogue where the students talk about the language they are pro-
ducing, question their language use, or correct themselves or others" (Swain and Lapkin 
1998, 326). LREs could include corrective feedback provided by peers which can be explicit 
(if it includes an overt signal that an error has occurred) or implicit (without such a signal). 
Both explicit and implicit feedback can lead to uptake (error correction) by learners if noticed, 
understood, and accepted by them. Although such episodes occur virtually in any peer-to-
peer L2 exchanges (both SCMC and ACMC), many teachers-researchers choose to pair up 
lower and higher proficiency learners or learners and native speakers as such configurations 
have been shown to trigger more negotiation of both meaning and form. The following 
excerpt from an SCMC exchange between two Persian learners of English-one with a 
higher L2 proficiency (H) and one with a lower proficiency (L)-exemplifies such an interac-
tion (Shekary and Tahririan 2006, 562): 

Far (L): I mean I can at least be familiar to this extensive major. 
Fatem (H): isn't it better to say familiar with? 
Far (L): all right, familiar with 

In this excerpt, Fatem (H) suggests an explicit correction of Far's error, and Far (L) accepts 
this correction in the next move, showing an example of uptake. 

Despite this frequent occurrence of LREs in CMC, most of them revolve around lexical rather 
than grammatical targets (Blake 2000; Shekary and Tahririan 2006). This fact prompted many 
educators wishing to use these tasks for grammar teaching to add some planned focus on 
grammar to primarily meaning-based interactional CMC tasks. In peer-to-peer exchanges with 
such added focus, learners are instructed to give each other feedback on grammar in general or 
on specific grammatical forms. Furthermore, instructors can themselves participate in CMC 
interventions, acting as expert communication partners and providing corrective feedback to 
learners, as in the following SCMC example from Samburskiy and Quah (2014, 166): 

Leamer: As i [sic] understand your stay in China has affected you. I have never tasted Chines 
[sic] cuisine but I know that it [sic] very specific and exotic. They cook fried worms, 
beetles, rats ... Is it true? Do [sic] you tasted this? 

Teacher: Well, they do eat some exotic things in China. Have I tasted this? No, but I knew people 
who ate grubs, dragonflies, and things like that. 
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In this example, the teacher corrects the learner's grammatical error (verb tense) using a 
recast, a type of implicit corrective feedback, by repeating the learner's utterance with target-
like grammar. To make the recast more salient to the learner, the teacher highlights the 
corrected form. From the interactionist perspective, a recast is less intrusive than explicit 
correction because it does not disrupt the communication flow while still drawing the learn-
er's attention to form. 

Pedagogical approaches informed by the sociocultural theory (SCT) framework have 
also capitalized on the benefits of interpersonal collaboration for language learning, yet 
from a different angle. In these approaches, language learning is conceived of as a socially-
situated and goal-directed activity mediated by culturally embedded tools such as tech-
nology (see Lantolf and Thorne 2006; Thorne 2003). One such social tool that "leads 
learners to work collaboratively towards the achievement of a common goal" (Elola and 
Oskoz 2011, 180) is wikis, a web-based environment in which several authors jointly con-
struct a text. The tool allows all authors to add, change, and delete text as well as docu-
ments all previous drafts and tracks all made changes (see Elola and Oskoz 2011, 205-206 
for a list of available wiki tools). Wikis have been shown to promote attention to both 
global and local language aspects (including grammar) and to encourage revisions and 
error correction. Furthermore, educators who work within the SCT paradigm have been 
especially interested not only in interpersonal but also intercultural (also called telecollabo-
rative) exchanges and have organized CMC (email, chat, audio, and video conferencing) 
between language learners from different countries. L2 grammar in SCT-informed peda-
gogical interventions has predominantly been targeted not as an end goal but as a means 
for conveying specific social actions and as a focus of peer-to-peer mediation in the zone 
of proximal development (Belz and Vyatkina 2008; Darhower 2014; Oskoz 2009; Thorne 
2003; Zeng and Takatsuka 2009). 

Research on the use of technologies for L2 grammar 
teaching and learning 
The research that has been conducted in the L2 grammar teaching and learning environ-
ments described in the previous sections is fairly diverse not only due to the different tech-
nologies involved but also due to the 1istinct theoretical and pedagogical approaches that 
underlie them. Two topics that have received particular attention, however, are corrective 
feedback in ICALL and CMC, and learner autonomy in DDL. Studies of corrective feedback 
in ICALL and CMC investigate both explicit and implicit grammar teaching approaches by 
exploring ways in which learners not only engage with the computer but also with their 
peers. DDL research examines the degrees of learner autonomy that are conducive to the 
learning of different linguistic features and skills by also considering distinct levels of L2 
proficiency. The following sections examine the respective research carried out with a variety 
of learners in distinct learning conditions. 

Feedback for L2 grammar 
The provision of feedback on grammar is a central topic in L2 grammar teaching and 
learning, and accordingly, an area of research that has been pursued in both !CALL and 
CMC. Research on these two distinct, yet complementary environments focuses on learner-
computer and interpersonal interactions, respectively, by exploiting the strengths of differ-
ent technology-mediated pedagogical approaches in providing explicit and implicit feedback 
for both form and meaning-based learning activities. 
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Feedback in ICALL 
In view of the powerful capacity of ICALL systems for generating error-specific feedback 
to learners, researchers examine the effectiveness of different types of corrective feedback on 
learners' L2 grammar performance to determine its impact on learning outcomes and/ or 
learner-computer interactions. One of the early I CALL studies, for instance, investigated dif-
ferent feedback types for learning Japanese particles and found that error-specific metalin-
guistic feedback (see (2)) that explained the functions and semantic relations of nominal 
relations in a sentence was more effective than generic, traditional feedback ( e.g., wrong, try 
again!) (Nagata 1993). A number of studies followed (e.g., Bowles 2005; Heift 2004; Heift and 
Rimrott 2008; Lado et al. 2014; Murphy 2007; Nagata 1996; Petersen 2010; Pujola 2002; Rosa 
and Leow 2004) that generally supported the benefits of error-specific feedback in a CALL 
environment. However, a few studies also showed little or no advantage of metalinguistic 
feedback. For instance, Moreno (2007) investigated the effects of metalinguistic feedback 
compared to feedback that only signaled whether the student input was right or wrong. 
While both types led to an increase in scores on the immediate posttest, feedback without 
metalinguistic information was superior on the delayed posttest (see also Sanz and Morgan-
Short 2004). Similarly, Kregar (2011) examined the effects of text enhancement and metalin-
guistic feedback on the acquisition of L2 Spanish verbal aspect and found that metalinguistic 
feedback was less effective than text enhancement. 

In addition to these studies which investigated a reactive focus on form, that is, feedback 
that the ICALL system provides in response to learner input, a few studies have also exam-
ined preemptive focus on form which provides learners with relevant metalinguistic 
information before difficulties arise. The goal here is to reduce potential frustration by mark-
ing critical features in the language task to assist learners in task completion (Ellis, 
Basturkmen, and Loewen 2001). According to Ellis (1993), preemptive focus on form also 
assists in providing learners with explicit knowledge which helps improve performance 
through monitoring and facilitates acquisition through noticing. Heift (2013), for instance, 
investigated the impact of preemptive focus on form which consisted of exercise-specific 
grammar and vocabulary hints that the CALL system provided when students started an 
exercise. She showed that for different proficiency levels (beginner and early intermediate) 
of adult learners of German, preemptive focus on form was significantly more effective than 
not providing any assistance before students attempted to complete a task. Furthermore, 
according to retrospective interviews with some of the study participants, preemptive focus 
on form helped them avoid some errors thus also leading to a more positive learning 
experience. 

While the research above focused on learning outcomes by studying the effectiveness of 
different feedback types, some studies have also considered learner strategies with respect to 
corrective feedback in CALL. For instance, Brandl (1995), studying L2 learners of German, 
found that lower-achieving learners, as determined by an initial placement test of reading 
comprehension, had a more limited set of strategies for processing feedback than learners of 
higher-achievement levels. Similarly, a study by Vinther (2005) investigated the difference in 
learner strategies employed by low- and high-achieving Danish university students of 
English as a foreign language. Her study confirmed Brandl's (1995) results by showing that 
high-performing students were more likely to make use of cognitive strategies throughout 
program use while lower-performing students employed only a few cognitive strategies, 
favoring affective strategies more, at least at the beginning of program use. 

Some studies also examined learner error correction behavior in response to distinct 
feedback types thus focusing on the learning process as opposed to learning outcomes. The 
range of possible reactions and/ or responses to corrective feedback is generally referred to 
as learner uptake. Research from face-to-face instruction (e.g., Lyster 2007) proposes that 
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successful learner uptake is a good predictor of learning. Even in instances where no learning 
takes place at a particular moment, the research suggests that learners notice the feedback 
and process it, thereby increasing the likelihood of learning. As a result, researchers tend to 
view learner uptake as facilitative of 12 acquisition and examine its role when teaching 12 
grammar with technology. For instance, Heift's (2002) study revealed that, when students 
were provided with error-specific feedback, the majority of them (85%) sought to correct 
errors on their own for most of the time instead of looking up a correct answer made avail-
able to them in her ICALL system (see also Hegelheimer and Chapelle 2000). 

Overall, this line of research has shown that students generally benefit from explicit, 
metalinguistic feedback because they subsequently perform better on particular target lan-
guage structures and/ or because students' grammatical awareness is subsequently raised. 
Nevertheless, there are conflating factors such as feedback amount and timing, or more gen-
erally, the long-term impact of CALL feedback on 12 learning that make the research results 
less conclusive than one might hope and require further investigation. 

Feedback in computer-mediated communication 
In CMC tasks for grammar learning, the feedback on learners' errors comes not from the 
computer but from other interlocutors and is manifested in LREs. To investigate the effec-
tiveness of this feedback for 12 grammar learning from the interactionist perspective, 
researchers study (1) what specific CMC formats and pedagogical tasks are more conducive 
to grammar-focused LREs; (2) whether grammar-focused LREs lead to 12 grammar gains 
and whether these gains are higher in CMC than in face-to-face learning environments; and 
(3) what CMC feedback types lead to higher 12 grammar gains. 

In the first research strand, most studies converge in their finding that vocabulary triggers 
more LREs than grammar in CMC interactions (e.g., Blake 2000). However, this finding 
holds true primarily for unmoderated interactions between peers. In contrast, both teachers 
and those learners who are instructed to provide corrective feedback in CMC, tend to focus 
on grammar either on a par with vocabulary (Bower and Kawaguchi 2011; Sotillo 2005) or 
even more (Smith 2009; Ware and O'Dowd 2008). Furthermore, ACMC has been found to 
trigger more LREs, including grammar LREs, than SCMC and within ACMC, wikis appear 
to be superior to forums for both peer and self-corrections (Bower and Kawaguchi 2011; 
Elola and Oskoz 2010). As far as specific feedback types are concerned, novice and native 
speakers have been found to provide more implicit and indirect feedback, whereas experts, 
especially non-native speakers, more explicit and direct feedback (Bower and Kawaguchi 
2011; Oskoz 2009; Sotillo 2005). 

The second strand has explored the CMC effectiveness for 12 grammar learning by 
measuring learning outcomes. Several studies have found higher accuracy gains following 
SCMC rather than face-to-face instructor-provided feedback focused on specific grammatical 
forms, such as Spanish tense and aspect morphology (Salaberry 2000) and Turkish noun 
morphology (Yilmaz 2012). In the context of peer-to-peer CMC, Stockwell and Harrington 
(2003) showed overall syntactic improvement in 12 Japanese learners' writing after a five-
week-long ACMC exchange with native speakers. Hirotani (2009) also investigated 12 
Japanese learners' development and showed that the SCMC group outperformed the ACMC 
group in accuracy but underperformed in syntactic complexity. Other studies focused on 
immediate learner uptake following LREs in CMC and found it to be fairly successful at up 
to 70% (Bower and Kawaguchi 2011; Zeng and Takatsuka 2009). Notably, Smith (2012) 
extended this line of research by correlating learner production outcomes with noticing. The 
learners noticed approximately the same amount of intensive SCMC recasts for all linguistic 
categories (measured with an eye-tracking methodology), whereas lexical and syntactic 
recasts triggered more learner recall than did morphological recasts. Smith also showed that 
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the amount of both online and offline noticing predicted improvement on posttest 
performance, which lends support to using CMC feedback for L2 teaching purposes. 

In the third strand, researchers have compared the effects of different feedback types on 
grammar learning. Vinagre and Munoz (2011) showed that metalinguistic feedback led to 
more successful uptake than direct corrections in new pieces of writing in intercultural peer-
to-peer ACMC exchanges. Results from studies that measured learner gains after receiving 
explicit and implicit expert SCMC feedback on specific grammar features vary across target 
features and learner populations. Yilmaz (2012) found that explicit feedback provided on 
noun morphology to learners with no knowledge of Turkish was more effective than implicit 
feedback (recasts). Similarly, Sauro (2009) found that only metalinguistic feedback but not 
recasts on English articles provided to advanced learners was significantly better than no 
feedback. On the contrary, Loewen and Erlam (2006) found no feedback effect and no 
difference between the feedback types for beginning L2 English learners' acquisition of past 
tense morphology. The discrepancies in findings can be explained by variation in the target 
features and research designs. Furthermore, socioculturally-informed studies have provided 
insight into the versatility of peer-to-peer scaffolding patterns as well as learner preferences 
regarding self-corrections and peer-corrections (Darhower 2014; Oskoz 2009; Ware and 
O'Dowd 2008; Zeng and Takatsuka 2009). 

To summarize, CMC has been shown to be effective for L2 grammar learning in both 
expert-to-learner and peer-to-peer intercultural and intracultural exchanges due to the fre-
quent occurrence of LREs, enhanced visibility of feedback, and extended time for feedback 
processing. In a rare meta-analysis study, Ziegler (2013) confirmed that SCMC had a small 
yet significant advantage over face-to-face interaction for L2 grammar gains. Although 
results regarding feedback types that work best in CMC exchanges are less conclusive, all 
researchers concur that for CMC feedback to be beneficial, it needs to be based on well-
structured tasks that are tailored to specific CMC formats, learner populations, and grammar 
features. 

Learner autonomy in DDL of L2 grammar 
Language learning with technology has long been associated with higher degrees of 
autonomy, which is considered beneficial for learners as it prepares them for life-long 
learning beyond the classroom (Warschauer 2002). Given that DDL, by definition, is "a lan-
guage-learning environment focusing on learner autonomy and discovery learning" 
(Chambers 2005, 120), it is not surprising that most DDL research has addressed the con-
struct of learner autonomy. Specifically, this research has explored what degrees of autonomy 
are conducive to the learning of what specific linguistic features and skills, at what levels of 
L2 proficiency, and under what conditions. Furthermore, whereas the benefits of corpora for 
lexical learning were recognized long ago, some scholars have recently argued that DDL 
can be equally conducive to grammar learning and even especially facilitative at lower-
proficiency levels as it requires less metalinguistic knowledge than explicit grammar 
teaching (Boulton 2010; Estling Vannestal and Lindquist 2007). In regard to pedagogical designs, 
DDL studies can be subdivided into hands-on (more autonomous, direct, computer-based) and 
hands-off (less autonomous, indirect, paper-based) applications (see Boulton 2010 for an 
overview). 

Much L2 grammar research on hands-on DDL has been exploratory and demonstrated by 
way of case studies the potential of learner use of corpora for grammar consultation 
(Chambers 2005; Estling Vannestal and Lindquist 2007; Kennedy and Miceli 2010). The 
number of quantitative studies has been small but recently growing. Such studies have 
explored whether learning outcomes improve after DDL activities or have compared the 
outcomes of DDL as a mostly inductive teaching method with those of more traditional 
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deductive teaching methods. All L2 grammar studies had university students as participants 
and most of them focused on teaching English. One of the first studies was Gaskell and Cobb 
(2004) who found that concordance searches helped intermediate English learners signifi-
cantly reduce the number of writing errors in some categories (e.g., word order, pronoun 
use) but not others. This result is in line with a recent study by Tono, Satake, and Miura 
(2014), who found that guided corpus consultations helped high-proficiency, but not low-
proficiency, learners to successfully self-correct omission and addition but not misformation 
errors in their revised essays. In contrast to the findings from hands-on DDL studies, research 
on hands-off DDL with printed concordance lines reported positive learning outcomes for 
both high- and low-proficiency learners. Moreover, whereas Tian's (2005) higher- and lower-
proficiency groups equally improved after hands-off DDL instruction, Vyatkina (2016a) 
found that it was especially beneficial to lower-proficiency L2 German learners and was 
more effective for them than traditional deductive instruction. In contrast, most studies have 
failed to detect a significant advantage over traditional deductive methods for teaching L2 
grammar to intermediate learners (Boulton 2010; Tian 2005; Vyatkina 2016a). Finally, studies 
that compared hands-on and hands-off DDL found them equally effective for teaching 
selected grammatical targets to intermediate learners of English (Boulton 2012) and German 
(Vyatkina, 2016b). 

Finally, a number of recent studies have pinpointed specific principles of DDL that facili-
tate L2 grammar learning. Frankenberg-Garda (2014) confirmed that richness of language 
input (multiple concordance lines) is a crucial factor for the effectiveness of paper-based 
DDL; Cotos (2014) showed that DDL tasks based on comparison of native and learner cor-
pora (consisting of texts similar to the native texts the learners used as models) are superior 
to DDL work on native corpora only; whereas Smart (2014) demonstrated that guided induc-
tive instruction is better than three other conditions: non-guided induction, deductive 
instruction with corpus examples, and non-DDL deductive instruction. 

To summarize, DDL has been shown to be effective (leading to significant learning gains) 
and efficient (more effective than deductive teaching methods), including for L2 grammar 
learning, as demonstrated by a substantial effect size in Cobb and Boulton' s (2015) meta-
analysis of available quantitative studies. However, the research has also convincingly dem-
onstrated that for reaching positive outcomes, the principle of learner autonomy needs to be 
applied judiciously progressing from less to more autonomous tasks depending on the 
learner population and instructional context. Furthermore, any L2 grammar DDL needs to 
be guided by a teacher or tutorial program. Additionally, research has demonstrated advan-
tages of problem-solving DDL tasks and the potential of using learner and parallel corpora 
for DDL grammar instruction. Last but not least, most researchers who have explored learner 
DDL perceptions, found those to be generally favorable, which provides yet another 
argument in support of this CALL method for teaching and learning L2 grammar. 

Conclusion 
This chapter outlined the variety of technologies teachers and researchers have explored for 
the teaching and learning of L2 grammar each of which reflects and promotes distinct affor-
dances including language input, interaction, feedback, access to extensive language data, 
and opportunities for collaboration in different learning environments. Unlike traditional L2 
grammar learning and teaching, newer technologies are not limited to the traditional 
dichotomy of implicit and explicit teaching approaches. They also place a strong focus on 
both learner-computer and person-to-person interactions by allowing learners to explore 
authentic language and promoting· independent discovery and learner autonomy. Clearly, 
these technological changes have also had a direct impact on how L2 grammar learning and 
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teaching is viewed by many language teachers. At the same time, and as supported by the 
studies cited above, language instructors are central to the successful realization of these 
new opportunities and affordances of L2 grammar learning and teaching independent of the 
particular technologies used. The involvement of instructors is crucial as they can trigger, 
stimulate, monitor, and guide online as well as offline activities conducive to L2 grammar 
teaching and learning. As a result of the pervasive use of technology, the way we teach 
grammar in the L2 classroom has been changing and therefore teachers need to be able to use 
technology-based approaches and materials with the goal to assist their learners. 
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