


The Medici Effect

* Definition
* Innovation occurs at the intersection of
diverse disciplines, cultures, and ideas.

» Named after the Medici family of
Renaissance Florence, who brought
together artists, scientists, and thinkers,
sparking groundbreaking creativity.

» Key Principles
« Breakthrough insights emerge from
cross-pollination of knowledge.

» Diversity of perspectives leads to novel
connections.

» Encourages breadth of interests as a
source of scholarly innovation.

© Troy L. Cox, 2025
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Subjects

OPI Level

Novice Mid
Novice High

Intermediate Low
Intermediate Mid
Intermediate High
Advanced Low
Advanced Mid
Advanced High

Number of
Ratings

20

30

40

10)

60
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ACTFL Rating and Articulation Rate

Cohen's

Mean
Difference

1.20

0.73

95% Cl Articulation Rate

Effect
Size Legend

None

Intermediate  Intermediate  Intermediate Advanced Low Advanced Mid Advance
W i High

OPIcNumeric Small

Medium

ANOVA F (5, 143) = 28.37, p < .001 e




ACTFL Rating and Mean Length
Utterance
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Effect
Size Legend

Intermediate  Intermediate  Intermediate Advanced Low Advanced Mid Advanced High
Low Mid High

OPIcNumeric

ANOVA F (5,143) = 19.73, p < .001

Medium

Large
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ACTFL rating and Silent Pause Ratio

Intermediate  Intermediate  Intermediate Advanced Low Advanced Mid Advanced High
Lo Mid High

OPlcNumeric

ANOVA F (5, 143) = 18.15, p < .001

Mean
Difference

IL & IM
IM & IH
IH & AL

AL & AM

AM & AH

Effect Cohen's
Size Legend d

None .00

Small .10

Medium .30
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BYU’s Language Ecosystem

* 60% students speak a 2"9 language

» Majority learn language in 18-24 month
missionary service

* Largest classes are the 300 level, post-
mission class

e BYU teaches 84 languages

* Spanish largest language department
(approx. 1,000students every fall and
winter semester)




Spring 2020 Problem
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* Language department chairs
were concerned about the  —
disruption COVID 19 would ! ,;w.

P X '4 A o

for students whose missionary / A
service Advanced Ianguag’e | ¥
classes -

T
* Would WebCAPEL;‘,,% Ork?l .

o LN
/,a-ﬁi-'?"' - oy ;" o ;
. S :

\\\\\\\\\\\\\\\

.




WebCAPE g = > 9

(Web-Computer Adaptive
Placement Exam) :

e Tests students with MC
guestions.

* Adaptive algorithm gives e/?a’ch“ - 1
student a unique setof "\ \X A ML~
questions at varied difficulty a‘x\v
levels to determine score.

* Results are low stake. =
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Scale Design and Description

Construct

Languages

Results

Delivery

Indirect measure Speaking and Writing proficiency

Section 1 (Fixed form)

e Language Learning Background

* Language Learning Grit (9 items, 5 pt. scale)

*  Willingness to Communicate (26 items (random subset, 100% time scale))

» Self-Assessment of Speaking and Writing (24 items, 5 pt. Scale)

Section 2 (items targeted at the self assessed level from section 1)

* Writing & Speaking Self-assessed Passages (10 passages (subset), 5 pt. scale)

Can be adapted for most languages

ACTFL scale (10 Point) from NL to S (not official). Self-assess results moderated by language
learning background, length of immersion, and distance from English.
Sent to both student and instructors who have (hopefully) been trained in the proficiency scale

Qualtrics (not proctored)







Higher OPlc levels are associated with faster speech,
longer utterances, and fewer pauses,

Figure 7

Articulation Rate by OPIc Assessed Proficiency Level

2 Mean (95% CI)
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Figure 8 Figure 9

MLU by OPIc Assessed Proficiency Level Pause Frequency by OPIc-Assessed Proficiency Level

o Mean (95% ClI) © Mean (95% Cl)

Pause Frequency

H AL AM  AH H AL AM AH
OPIc Rating OPIc Rating

Weakness: Not many Superior or Intermediate speakers in the LASER subject pool



E CO |_T Oral communicative

ragmatic Competence
Functional (Xi, 201 5)

Sociolinguistic
Sociocultural

Textual | taractiona

discourse (penings and
Cohesion closings

Coherence Meaning
Organization & negotiation

development of Turn-taking
speech

Higher-Order

Foundational

Grammatical Body Language / Automaticity

- Range i Gestures
Lexical Complexity Phonological Speech rate

Range  acoyracy  Fronunciation Posture Pause time &

Sophistication Intonation _ SPace structure
Precision Stress Facial expressions Fillers




Partnership with Missionary
Trammg Center and BYU

In other words, they poached our
CS major student programmer
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ACTFL Agreement Rates

Table 2.3. Summary of Exact and Adjacent Agreement of OPI by Language

Study Background

. | statistical analysis b Exact | Adjacent | Adjacent Exact +
i . Language Rating Adjacent
Human Resources Research
Organization for ACTFL'

n % n % % ‘

« Contains OPI data for three Mandarin Rating 1 - Rating 3 - 42.01 - 5039 924

languages from 2020-2022 Chinese Rating 2 - Rating 3 - 42.14 - 48.33 90 46

. Rating 1/2-Rating3 | 653  84.15 1495 = 991

SCOA”Pg P"OCEST- | Rating1-Rating2 | 792 | 6978 | 334 | 2043 99.21

D oos ) P Rating 1 - Rating 3 54.52 4315 | 97.67
interviewed by a rater and French : :

i Rating 2 - Rating 3 40.82 55.39 96.21

» Asecond interviewer watches Rating 1/2 - Rating 3 95.04 99.13

the interview and assigns a Rating 1 - Rating 2 5479 | 6623 | 2,666 32.24 98.46

proficier}cy Score Spanish Rating 1 - Rating 3 1,539 55.08 1,171 41.91 96.99

o Rating 2 - Rating3 1,045 1614 | 57.83 9523

third rater provides a rating Rating 1/2 - Rating 3 2578 92.27 99.93

YExa


https://www.actfl.org/uploads/files/general/Documents/assessments/acereports/OPIc_Report_Part_B_Statistical_Analysis_2023.pdf




Why use the open-responses from the El Test?

Distribution of OPIc Scores based on Distribution of El Scores based on
LASER participants missionaries




El Data Breakdown

* We analyze the open responses from
the El test (NOT the elicited imitation
audio) and their associated scores

* Three audio files per respondent
e Average 49 s duration per audio file
» 2% minutes of recorded audio

 Demographics
* Roughly 18-25 years old

» Mlissionaries learning a language, often
in fully immersive environments

Language

Portuguese

Spanish (Sample)

French
German
English
Italian
Japanese
Mandarin

Tagalog

Entries




Feature Extraction Part 1

e Audio features extracted with Praat

» Articulation rate, speech rate, average syllable duration, mean length of
utterance, pause frequency

Oral communicative

Pragmatic COmpetence

Functional <
Sociolinguistic (Xi, 2015)
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Feature Extraction Part 2

» Each audio file is transcribed using OpenAl’s Whisper (large version)
which supports 98 languages

» From transcriptions, we extract additional features:
 Lexical diversity measures

Oral communicative

e Error frequencies et Wl
7 Sociglinguistic ’
» POS, tense, and mood frequencies Toxtual e\
discourse (penings and
Cohesion closings

Coherence Meaning
Organization & pegotiation

development of |,

-taking
speech

Higher-Order

Foundational
GraIrQn Ll Body Language  Automaticity
k1 vy Pilonological  Sgstures - Specch rae
§ \ccuracy Pyonunciation S Pause time &
isticahg Intonation _ ~ ©Pace structure
Precision Stress Facial expressions Fillers




Modeling Approach 1: XGBoost

e Boosted decision tree
* Trained on audio features

 Tested prediction accuracy
against true El score

Oral communicative

Competence
(Xi, 2015)

ALL DATA

SUBSET

-1

/
yd
e
Yes' No
Yes

No

Sanksshep Mahendra; “Introduction to XGBoost and lts Uses in Machine Learning,” AL Plus:Info; June 22,2022,


https://www.aiplusinfo.com/blog/introduction-to-xgboost-and-its-uses-in-machine-learning/
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Modeling Approach 2: mDeBERTa

» Multilingual transformer-based language model

» ChatGPT is also a transformer, but it is built for generative tasks while
mDeBERTa is built for understanding tasks

* Fine-tuned on transcriptions of open-response audio and true E|
score

(Xi, 2015)










Combined Model Results

Scoring Metric | Combined
Model Score

Accuracy 0.50

Within-One 0.94

mDeBERTa Score

XGBoost Score

Accuracy

Target
Score




Testing on an Unseen Language

» Multi-lingual model fine-tuned on

El open response data from 8 Portuguese
Spanish (Sample)

languages

French

» Tested on a held-out Tagalog El
dataset of 157 respondents

German
English
Italian
Japanese

Mandarin

Tagalog



Testing on an Unseen Language Results

Confusion Matrix

Scoring Metric Score

Accuracy 0.47
Within-One Accuracy 0.90

Spearman’s 0.79
Correlation

Target Score




Back to the LASER and OPIlc Scores

» We used our best El model to predict
proficiency levels on the LASER data

Spanish

French
Portuguese
ltalian
German
Russian
Japanese
Swedish

Albanian
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Aggregation of Marginal Gains

Marginal
gﬁt\( - Gains

A method of reaching high-performance
= levels through constantly making small,

A\ Sod g > .
2R —” ~ incremental improvements.

Sir Dave Brailsford

© Troy L. Cox, 2025 52
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Aggregation of Marginal Gains

B 1% Improvement
B 1% Decline

© Troy L. Cox, 2025
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