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Introduction

> Where could computational linguistic methods be relevant?

> automating aspects of summative assessment

— saving effort/cost, improving consistency of scoring

— allowing item types that are more open in large-scale studies
> formative assessment

— immediate, interactive feedback in Tutoring Systems
— adaptive materials: selecting or generating items,
supporting individual learning paths

> interpreting large-scale language data

— more representative samples
— analyzing longitudinal development

> interpreting authentic language-use data

— data arising “in the wild”
— learning process data (interaction logs, ...)
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Introduction

» Computational linguistics focuses on analyzing language.

» But how valid can the interpretation of language be
without considering task and people characteristics?

» Language testing has developed sophisticated methods
for designing items and interpreting responses.

But this also is not without challenges:

» discarding ill-behaved items # understanding language
and task properties needed to predict item difficulty

> psychometric quality # ecological validity

> how to benefit from observations of authentic language
use and process data of learning “in the wild”

= Fostering the cross-disciplinary discussion between the
fields could be fruitful in linking different expertises.
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Introduction
Some existing synergies

> Automatic essay scoring is widely used in high-stakes

testing (e.g., TOEFL, GRE) and in some school systems.

» An increasingly broad range of CL methods is used, with
Latent Semantic Analysis playing a central role:

> Compare a new essay to already graded essays in terms
of which words occur in it.

> Classify an essay in relation to a reference set of essays.

> How about computational linguistic methods directly
characterizing proficiency and language development?

— Linguistic complexity analysis
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Linguistic complexity

> Complexity is “a matter of the number and variety of an
item’s constituent elements and of the elaborateness of
their interrelational structure”. (Rescher 1998)

> Skehan (1989) characterized proficiency in terms of the
three dimensions Complexity, Accuracy & Fluency (CAF)

> Complexity is “the extent to which the language produced
in performing a task is elaborate and varied.” (Eliis 2003)
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Evidence about linguistic complexity

[. Which language forms are used, how are they combined?

> type of forms in the linguistic system

e.g. complex NPs per sentence
— theoretical linguistics
> use of forms in individual language experience
e.g. word frequency in corpora representative of experience
— corpus linguistics, psychology

[l. What type and amount of meaning is encoded by the
forms and how is it organized into a coherent discourse?
e.g. propositional idea density, referential cohesion
— models of reading in psychology
[ll. What are the demands on human processing?
e.g. memory load, surprisal/expected continuation
— psycholinguistics
— CL methods support the identification of such features
(e.g., McNamara et al. 2014; Kyle 2016; Lu 2014; Vajjala 2015; Chen 2018)

Comp. Linguistics &
Language Testing

Detmar Meurers
Universitt Tibingen

Introduction

Linguistic complexity:
data-driven analysis
Definition & empirical basis

Analyzing development in
large-scale data

Task effects on complexity
measures of development

Manipulating task complexity

Interpreting learner language
Task-driven analysis

The FeedBook

FeedBook characteristics

Testing effectiveness in a
randomized field trial

Results of the field trial
Conclusions
References

Appendix
Short answer assessment

Complexity alignment

UNIVERSITAT
TUBINGEN
& \ LEAD
6/38



Analyzing development in large-scale data

» Computer-based language learning supports the
collection of large-scale learner data:

> English Town system — EFCamDat (Geertzen et al. 2013)

» The EFCamDat corpus (v. 2) contains

> 175 thousand learners, who provided 1.18 million texts
> 16 levels covering A1 to C2 in the CEFR

— Empirically grounded analyses of development based on

> aspects of the language system, e.g., relative clauses
(Alexopoulou, Geertzen, Korhonen & Meurers 2015)

> general characterization of development, e.g., complexity
(Alexopoulou, Michel, Murakami & Meurers 2017)

> CL methods used for complexity analysis (Vajjala & Meurers 2012)
are available online at http://purl.org/ctap (Chen & Meurers 2016)
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Complexity development in EFCamDat

Lexical Diversity
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Complexity development in EFCamDat
Syntactic elaborateness: subordination

Subordinate Clauses per T-unit
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Complexity development in EFCamDat

> Large-scale learner corpus analysis using NLP methods
confirms global development of linguistic complexity.
> But aren’t we missing something?
> We analyze the linguistic complexity of texts that are
> produced by people differing in language proficiency.

> How about the nature of the tasks that the language is
produced for?
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How about the tasks?
(Alexopoulou, Michel, Murakami & Meurers 2017)

> Impact of Task Complexity?

> Limited Attentional Capacity Model (Skehan 1998)
> Cognition Hypothesis (Robinson 1995)

> Impact of Task Type?

> We focus on three task types at the intermediate level (B1)
> Description: letter of complaint about a meal, a cruise
> Narrative: write a movie plot, about an experience
> Professional: write a resume, a job advertisement
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Complexity and task effects in EFCamDat
Lexical Diversity

CEFR Englishtown Level By Task
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Zooming in on tasks

» Tasks can impact complexity more than development.

> a “particularly severe threat to validity” (Vyatkina 2012)
— Representativity of tasks in learner corpora (Wisniewski 2017)
— Study task impact using learner corpora (Karges et al. in press)

— Tasks need more attention.

> Model tasks in terms of the nature and variability of
language production they elicit. (Quixal & Meurers 2016)

> |s the variability in line with the learning goals?
> Can we provide valid interpretations (automatically)?

> Model difficulty-defining characteristics of items to support
generation of exercises with predicted difficulty, e.g.,

> C-test gap difficulty prediction (Svetashova 2015; Beinborn 2016)
> Cued gap-fill item difficulty prediction (Pandarova et al. 2019)

> Understanding language-based task demands also key for
other subject domains, e.g., mathematical word problems.
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Manipulating task complexity
(Daroczy, Wolska, Meurers & Nuerk 2015)

» Mathematical word problems differ in mathematical task
complexity (operation, carry, congruence, ...):

(1) A farmer went to market. He arrived with 47 apples.
a. He sells 5 apples.
b. He sells 18 apples.
How many apples does he have left?

> What happens if we orthogonally manipulate the
linguistic complexity? Here: nominalization

(2) a. He sells 18 apples.
b. He is happy about the sale of 18 apples.
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Manipulating task complexity

(Daroczy, Meurers, Heller, Wolska & Nuerk under review)

Accuracy
95
93
91

Percentage
N N N 00 00 00 00 00
U N O R W NV

» Language complexity and mathematical task complexity
interact, even for conceptually independent parameters.

Linguistically simple:
He sells 18 apples.

Linguistically complex:

He he is happy about the sale of 18 apples.

—Addition

—Subtraction

N=331, school children (mean age=10,91, SD=1,26)
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Exploring task-driven processing

Tightly Restricted Responses Open Responses

- I >

Short-answer reading
comprehension questions

Essays on topics with
individual content

Decontextualized
grammar fill-in-the-blanks

L driven pr g

> Let’s explore using CL methods to analyze learner responses
starting from the tasks:

— formative assessment to provide feedback in a tutoring
system for English in real-life secondary school
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Task-driven processing in an ITS e
A web-based workbook for English: FeedBook Ut Toomgen
Introduction
> Starting point: printed Camden Town Workbook Linguistic complexity:
data-driven analysis
> approved for 7th grade English classes in Germany R —
> fully integrated into real-life education e ot
> workbook exercises mostly assigned as homework easures of development

Manipulating task complexity
Interpreting learner language

> The FeedBook is a web-based implementation of the

Task-driven analysis

printed workbook, which in addition The FeedBodk
FeedBook characteristics
> provides immediate scaffolded feedback guiding learners.  Tsinsstecienossna
> Coverage' Results of the field trial
> all 7th grade grammar topics (form-oriented) GO
> reading/listening exercises (meaning-oriented) IREEICEEE
Appendix

> Analysis (Rudzewitz et al. 2017, 2018) starts from the task model, = eteeresenen
> generating possible well-formed and ill-formed variation
based on the set of target answers, which then is
> . . . UNIVERSITAT
compared to learner answer using flexible matching. TUBINGEN
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FeedBook characteristics

> FeedBook offers immediate, scaffolded feedback guiding
the learner to an understanding of the concepts.

> Analysis of thousands of well-formed and ill-formed
variants automatically generated (not manually encoded).

> Coverage of all grammar topics in 7th grade curriculum

> 188 different types of feedback on tenses, comparatives,
relative & reflexive pronouns, gerunds, passive,
conditionals, (in)direct speech

» The FeedBook system also provides
> learner models, informing student & suggesting next step
> task models, supporting identification of (in)effective tasks
> detailed logs of all interactions, i.e., the learning process
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Learner model: How am | doing?
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Learner model: What should | do next?
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A randomized field trial testing effectiveness
(Meurers et al. 2019)

> Research question:

> Does immediate formative feedback on form during
homework improve learning of English grammar?

> Subjects:
> Ten 7th grade English classes in Gymnasiums.
> Regular full-year teaching, but FeedBook as workbook.

> within-class randomization determines who sees specific
feedback on which grammar topics
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A randomized field trial testing effectiveness
Design of study

Group A >

Group B>

Posttest| C Test

Theme 1 Theme 2 Theme 3 Theme 4
C Test| Pretest - %20 postest| Pretest MMM, posttest| Quest. | Pretest - S0 postiest [ ID tests | Pretest 2t2rvention.
iniervention conirol iniervention Gontrol
Test 1 Tost 2 Test3 Test4 Tost 5

> Pre-/Posttests target grammar topics of each theme.

> Analysis here focuses on Theme 2:
> 205 students completed pre- and posttest

> grammar topics: comparatives, conditionals, relative clauses

> Results:

> basic change score analysis
> mixed effects logistic regression
> Learning analytics:

> overall learning process

> individuals
> tasks
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Results for Theme 2

34
32
30
2 Group
o . .
O —~ intervention
N g - control
whiskers =
26 95% confidence intervals
24

Pretest Posttest

» Welsh two sample t-test shows significant difference between
mean change scores (p < 0.0001):

> 4.81 for control group, 7.82 for intervention group
— intervention group learned 62% more than control group

» Effect size: Cohen’s d = 0.56
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Results for Theme 2
Mixed effects logistic regression

> Predict log odds of the binary outcome of each test gap.
> Fixed effects: test (pre/post), group (interv./control) &

their interaction

> Random intercepts: test items, learners, teachers/classes

Estimate Std. Error
(Intercept) = pretest control 0.73* (0.15)
TestPosttest 0.68"* (0.05)
Grouplntervention -0.07 (0.09)
TestPosttest:Grouplntervention 0.43** (0.08)
Var: Learner (Intercept) 0.30
Var: ltem (Intercept) 0.52
Var: Teacher (Intercept) 0.05
“**p < 0.001
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Tracking learning “in the wild”

» Full yearlong integration into regular classes
> five different schools with different profiles and
> different teachers following their regular teaching
— high ecological validity

> But also loss of control and focus:
> Which homework did the teachers assign?
> We only asked for inclusion of 2-3 exercises/topic.
> Which homework did the children actually do?
» How often did students receive what kind of feedback?
> Who showed uptake for the tested language constructs?

— We can't control it, but we can log all interactions to
support post-hoc analysis of what happened!

> Combined with additional web-based individual tests:
» working memory capacity (OSPAN), MLAT-V, C-Test,
typing ability, questionnaires, . ..
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Exercises worked on & amount of feedback seen
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Types of feedback seen

# Practice steps
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Log data: Analyzing task interactions
Which tasks support learning for this population?

Final version
fully correct?
yes
no
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Log data: Analyzing task interactions
...and which less so?

Final version
fully correct?
yes
no
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Log data: Individual uptake sequences

Analysis of two learners on comparatives:

» Under what conditions can we determine proficiency based
on longitudinal logs of the process of completing exercises?

> When is this more reliable? more valid?
> Determining language proficiency arguably is not about
unique top performances, as in sports.
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Conclusions (I)

» Computational linguistic methods support the automatic
analysis of learner language:
> specific aspects of the language system
> general linguistic complexity

Relevant for large-scale data analysis and supporting
immediate learner interaction.

> CL analysis traditionally starts from the language data,
e.g., providing analyses of linguistic complexity.

> But task factors need to be considered for valid analyses.

— Develop parametrizable models of task complexity
> simplify item construction and ensure validity of analyses

> support dynamic difficulty adjustment: adapt task
complexity to individual learner’s current ability

> machine learned models more likely than full theories
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Conclusions (II)

> For tasks providing top-down guidance, CL analysis can
start from the task specification, such as target answers.

> Generate well-formed and ill-formed variability supported
by the task, then flexibly match to learner answer.

> For automatic assessment of reading comprehension
answers, the question can help focus the analysis
(Ziai & Meurers 2014, 2018).

> We illustrated task-based processing with the FeedBook
> first randomized field study of Intelligent Language Tutoring
System (ILTS) fully embedded in German schools
> results show significant improvement for children
receiving specific grammar feedback
> ILTS provide rich data on learning process, for which
methods to interpret such data need to be developed.
> Lots of opportunity for collaboration between
Computational Linguistics and Language Testing!
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Short answer assessment
Task information supporting analysis

» Automatic short answer assessment cannot rely on rich
lexical distributional information, as essay scoring does.

» For reading comprehension questions, we can make use
of the rich task structure:
> the question asked
> the information sources in the text, and based on these,
> the identification of givenness and focus in the answer.

Comp. Linguistics &
Language Testing

Detmar Meurers
Universitt Tibingen

Introduction

Linguistic complexity:
data-driven analysis
Definition & empirical basis

Analyzing development in
large-scale data

Task effects on complexty
measures of development

Manipulating task complexity
Interpreting learner language

Task-driven analysis
The FeedBook
FeedBook characteristics

Testing effectiveness in a
randomized field trial

Results of the field trial
Conclusions
References

Appendix
Short answer assessment

Complexity alignment

e
UNIVERSITAT
TUBINGEN
38/38



Short answer assessment
Data used

» CREG (Meurers, Ott & Ziai 2010; Ott, Ziai & Meurers 2012)
> reading comprehension corpus ~ 35,000 student
answers

> plus corresponding target answers, questions and
reading texts

> every student answer was classified as correct or
incorrect by two teachers
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Short answer assessment
lllustrating alignment-based analysis

Q: Was sind die Kritikpunkte, die Leute liber Hamburg auBern?
‘What are the objections people have about Hamburg?’

TA: Der Gestank von Fisch und Schiffsdiesel an den Kais

The stink of fish and fuel at the quays.
n 0w |n
o B3 |86 o
3 o |® ~ |= c
S 515 B P 2
'8 Q Q ~

SA: Der Geruch zon Fish und Schiffsdiesel beim Hafen .
The smell  oferr fisherr and fuel at the port
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Alignment restricted to focused constituent

Q: ‘Which sport does Isabel do?’
TA: ‘She likes to go [jogging]r .
SA: ‘[Jogging]F is fun for her.
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Short answer assessment
Analysis of Focus improves results

Standard | With Focus

CREG-1032 85.9% 88.6%
CREG-2155 82.1% 85.1%

+2.7%
+3.0%

Overall 83.2% 85.6%

+2.4%
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Complexity alignment
Relating linguistic complexity in writing & input

> Can we measure the impact of linguistic complexity of
the input on the learner’s output directly?

» Data: Wang & Wang (2015) asked English learners to

(i) continue writing a Chinese text: baseline writing
(if) continue writing an English text: continuation writing

and found fewer errors in (ii) = alignment with the input
» Alignment with input also measurable for ling. complexity?

> Chen & Meurers (2019) reanalyzes the data & compares:
Challenge
Complexity(English input text) — Complexity(baseline writing)
Improvement
Complexity(continuation writing) — Complexity(baseline writing)
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Alignment of output to the input
Average length of NP

Improvement (Continuation Writing — Baseline Writing)

0.25-

0.00-

-0.25-

-0.2

0o
Challenge (Input — Baseline Writing)

0.2

(r?> =81%)
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Improvement (Continuation Writing — Baseline Writing)
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Alignment of output to input
Cohesion: Global noun overlap

Improvement (Continuation Writing — Baseline Writing)

0.0

25 5.0
Challenge (Input — Baseline Writing)

75
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Exploring alignment

> For 489/559 complexity measures, the result is significant.

> Challenge explains most variance in improvement for:

> avg. length of noun phrases (81%)
> avg. number of verbs in past tense (78%)

> Measures showing little effect:
> modifier variation (28%)
> global noun overlap (2%)
> We find alignment to input both below and above level of i

> More Challenge needed to see where leveling off above +1
> Longitudinal observation needed to see if alignment
results in learning, incrementally advancing abilities
= support selection of individually challenging texts

> Syntactic Benchmark (SyB) (Chen & Meurers 2017a, 2019)
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SyB: Syntactic Benchmark (http://complexityweb.org)
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http://complexityweb.org
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