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A question answering feature that works as follows:

- The OrCam Learn captures an image of a physical document that we want to query.

- An OCR engine extracts the text.

- The user asks a question (by speaking to the OrCam Learn).

- The OrCam Learn transcribes the user's question using an ASR model.

- OCR and ASR outputs are passed to NLP Q&A model that returns the answer (if exists).
- The OrCam Learn communicates with the user using a text to speech (audio) interface.
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Title: End-to-End Question Answering on an Edge Device For The Benefit of
People With Reading Difficulties

Abstract: Dyslexia affects 15-20% of the world's population; it is a language-
based learning disability that results in difficulties with specific language skills,
particularly reading. Dyslexic people usually experience difficulties with other
language skills such as spelling, pronouncing words, and reading
comprehension.

In this talk, I'll present a new feature that we are developing for the
OrCamLearn, a device that helps to improve the comprehension capabilities
of people with reading difficulties. Specifically, I'll present a new question-
answering feature that works as follows: an image of a physical document
(i.e., book, document, etc.) is captured. Then, an OCR engine extracts the
text. Next, the user asks a question by speaking, and the device transcribes
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the user's question using an ASR model. Both OCR and ASR outputs feed a
NLP Q&A model that returns the answer (if it exists) via a text to speech audio
interface.
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Every Substitution Matters: An Automatic Reading Fluency Evaluation
of Children’s Read Aloud Practice

Jacob Bitterman, Hallel Schussheim, Eliya Segev, Lior Kovalio, Ayana Shenav, David Zar,
Maya Alroy, Oren Tadmor, Guy Eyal, Tal Rosenwein
first.second@orcam.com

The ability to read is one of the most fundamental skills in today's world [1]. It is one of the earliest
milestones in the process of acquiring learning skills in school age children. When reading and
learning is difficult, with the embarrassment, shame and disconnection that ensues, children can
be bound from realizing their potential.

Practicing reading aloud, especially with the guidance of a teacher in small groups or even one
on one sessions, can prevent reading disability [2]. Therefore it is essential for the success of
children in their first years of school, especially children with reading difficulties.

However, in school systems, such personal guidance is expensive. Using automatic speech
recognition (ASR) systems as a complementary assistive device to the teacher has a large
potential for decreasing social biases and making a teacher’s work more efficient.

ASR has tremendously developed in recent years thanks to the emergence of deep learning and
end-to-end training mechanisms, such as CTC, LAS and RNN-Transducer [3]-[5]. Many of these
are available today via 3rd party APIs and can generate quite accurate transcription. However,
most of these systems are optimized for the task of outputting a (linguistic-wise) correct transcript,
and smooth pronunciation errors made by the speaker. This stands in contrast to the task of a
teacher who aims to detect pronunciation errors. Moreover, these systems often fail on children's
speech due to several reasons such as differences in acoustic and linguistic characteristics
compared to adult speech [6]. Furthermore, available ASR APIs’ response time is prolonged while
the immediate feedback is crucial for the learning process.

The field of automatic evaluation of oral reading fluency of children’s speech is an active research
area [7]. In OrCam we are developing such a mechanism, dubbed the ‘reading pal’, that allows
accurate feedback using an embedded streaming ASR system that runs on the OrCamLearn
edge devicel. A user can choose any desirable text, acquired via a camera and an in-house OCR
engine running on the same edge device, and read it aloud. At the end of the reading session,
the user receives feedback about the reading level in metrics such as fluency, accuracy, capability
to read difficult words and the difficulty of the text in mind.

The reading pal feature is comprised of the following multidisciplinary building blocks (taken
from speech recognition and natural language processing):

Spoken text transcription: We've trained a CNN based Acoustic model (AM) optimized with a
CTC loss [3] on a large in house dataset (280K hours). In contrast to publicly available datasets,

our internal dataset also includes utterances of children. We found that this was beneficial due to

1 https://learn.orcam.com/en/

2 n1ain,29 71> ,00{701 YT ITAK |2V NXIAR |17V ,00{701 VTN
38 Jinn 9 Ty


https://learn.orcam.com/en/

the domain shift between adults and children’s speech. During inference, we decode the output
of the AM to retain a transcribed text hypothesis.

Written text normalization: Given any written text obtained by the OCR model, in order to
measure a user's per-word reading success, we need to align the OCR text with the transcribed
text. The former is syntactically richer due to its larger alphabet set (numericals, punctuations,
etc.), while the latter is phonemically richer as there are written forms with multiple pronunciations
(e.g. USA can be read as USA or United States of America). To reach common ground, we apply
text normalization to the OCR text, and maintain a set of multi-hypothesis candidates, from which
we find the best match to the transcribed text. Through the entire process, we maintain a mapping
from the normalized OCR text and the original one, so at the end of the alignment process we will
have an indication per each written word.

Written text slicing: We want our users to have the flexibility in reading only pieces from a given
text. This decision can be done spontaneously by the user during the reading session. We find
the start and end position of the text segment of the read text, within the original text.

Measuring reading success: To measure success on each written word in the sliced text, we
need to decide whether it was read or not (deletions), and if so, was it read correctly or not
(substitutions). In addition, we need to detect redundant transcribed words (insertions).

To tackle this, we (iteratively) improve the alignment between the sliced and normalized OCR text
and the transcribed text by forcing that each transcribed word has a corresponding OCR word,
taking into account the insertions and deletions. This allows us to compute for each word its
confidence score and start/end timestamp (word boundaries). The confidence score serves us to
report reading accuracy for the student, while the word boundaries are used for additional metrics
for the teacher, such as word correct per minute (WCPM).

These together provide the full feature that includes both an immediate feedback to the user and
aggregated report over multiple sessions with more detailed feedback aimed for the teacher.

We’ve evaluated our performance on three benchmarks:

1. The CMU Kids Corpus [8], which includes 5,180 utterances of children in ages ranging
from six to eleven (24 male and 52 female). The utterances were hand transcribed in the
phoneme level.

2. A synthetic benchmark we’ve collected via TTS engine, consisting of 1940 samples with
synthetic. Specifically, we’ve created a challenging benchmark where we purposefully
planted errors of the form of substitutions that are phonetically similar.

3. A small internal benchmark of children reading aloud, along with a manual transcript.

On the CMU Kids Corpus benchmark our AM reaches 11.68% word error rate (WER), which
improves by 5.62% absolute WER the SoTA [9], as far as we know.

Out of the three aforementioned benchmarks, the synthetic TTS data (2) resembles the most to
the end task, as the labels contain the pronunciation errors we are aiming to capture. On this
challenging dataset, our pipeline outperforms all freely available/paid 3rd party ASR engines that
we’'ve compared against, achieving 88.5% TPR at 23.4% FPR.

To conclude we present here a progress in using AM for evaluating reading level and provide a
tool to assess the reading capabilities of children on any text.

* As part of the presentation, we plan to give a live demonstration of the device.
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01/01/2011 1 2 17T 19y (10.2010 ND) DPAD NYIYA - NI1IY2 LOPL NTNN FYIN
01/07/2011 1 nm N IN DY YN NIRYINY TPV YN NNINNN-DIPID NN
01/07/2011 1 nm 59 PrIN INT INAPN YINVINDID YT IMNN
01/07/2011 1 nm PRV YT VYIVINRY I DIDINI DIVN-VITOVINN NNIN
01/07/2011 1 nm TP YTV 77899 ,09VNN N2 IRVIIT PPN PN
01/07/2011 1 nm 17T 19y 91373 INITA NONRN NVY NN DN PN
01/07/2011 1 nm N TTIY 799 YR NS
02/07/2011 2 nm 17T 19y PIVN NXIAPH MVTN
01/01/2012 2 nm 0VYPIN NP VT YT IDIND NDIIN MANY KYNA PN NTIAYN PPN
01/01/2012 2 nm NTP YTV VAYN N2 990N IMNND Fast -2 v wy OCR -5 239N YW mdnonovn
01/01/2012 2 nm PP T PPN YT 5
01/06/2012 1 10 PIOVIN PO VT NMIMD PADY NIPWNHN NPPNPN NN
01/06/2012 1 (o2 NP O T DOWOPN P2 DXAYPY NPT NN OYOP DY NPIVLT MNNNN YT NP
01/06/2012 1 (o2 DYy HNIN YHVNT VNTNY TAYNI DNV DWPYN DMNNITN : MNVD NYIY NYIN
01/06/2012 1 (o2 PO PRN TN NN MOIN
01/06/2012 1 (o1} NITNR 99 YTIN DIRAN NN 2971 NIYIRNDY THPONRIYIN PININOVN
01/06/2012 1 (o1} T 99y PN NIAPN MVTN
01/06/2012 1 (o1} PNV APY’ 19179 PP NN OV TN 1IN DIWNN |, PNNN VITOVIRD PP NIRVNDN
01/06/2012 1 (o1} DI INY DYNLON DMIY 7 Y2ANI2 YIDNY LOPL NI
01/12/2012 2 v SP319 GON SQL Yv viaonn ymn
0171272012 2 (ol MYNY XIN) V7 OPP9 Nna GSA ow
01/12/2012 2 (olid} DI NP VT YT 25985 NDION >IN
01/12/2012 2 (o) PO PRNY DNPIIN NWNN
01/12/2012 2 (o2} T 99y PIVN NXIAPN MYTN
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01/12/2012 2 v N3 NIWY PN NVY PN
0271272012 2 (o l3) PNTI2NDY SNY NI ¥H9N DID MININ VIDN
01/06/2013 1 ) POV HaY NVT »13 (Machine Learning) nnon 110995 0995
0170672013 1 ) TYT NN (NOT M) YT MNNY VANDIIPII NININOV
01/06/2013 1 ] N MNY IMMOLIN INININ
01/06/2013 1 o] N7 9y PN NIAPN MVTN
0170672013 1 D 7T N9y 921N INNA DOWIINN APNN YT NN
01/10/2013 2 D P9 9 T LN MIANY NPNYN 77T (CGS) OPINIVIONP B9
01/10/2013 2 D YT NIT VNN N2T NNYXND DWDNN DIVNID
01/10/2013 2 D VIOV 2 YTy 2T N NN
01/10/2013 2 ) TPV 9INY Y MIANY NOVIND MNINIOV
02/10/2013 2 ) T 19y PIVN NXIAPH MVTN
01/06/2014 1 ND WPYIN-PD IMNIN Elasticsearch -1 )09 w9 nn ywn oy (BIGDATA) 0911 o xna OPEN SOURCE van
01/06/2014 2 N2 MNNY GON MPIND Y OPY Bl noayn
01/06/2014 1 N2 MYNVY NY YT 5 ©INN NN
01/06/2014 1 N2 N7 9y PN NXIAPN MVTN
01/06/2014 2 N2 37009 %91 BI nORT 2 1n25202 VOYIND NPNN MY PNSY WIINI
0171272014 2 ND 9V 19 MIPYY NANMN MNIIRY NOIWN ,INIVN
0171272014 2 ND MNYNIVY NPY NPYVIVIN-HNY NI WHIN DID
01/12/2014 2 N MYNY NYOY LOPL NN ,HNY NIV YIAN DIDD
01/12/2014 2 N T N9y PIVN NXIAPH MVTN
0171272014 2 ND 939 7YY 12) HNIDY VOPLN NPWHYN \1FNY Yo
02/12/2014 2 N N9 OMN PIN NND 219NN NIN DD MNY NIV N XIDN) YIDN
01/06/2015 1 DL PN DYPOY DIIONND NPNIIN MNYI YT NN
01/06/2015 1 am 990 YTT 9290 PWTIN
0170672015 1 ) PIVVS IR YWINITY VIdN YN
01/06/2015 1 a5 T 99y PN NIAPN MVTN
01/06/2015 1 a5 T 99y (2015 NN NDI) DI DXPAD NNV - NPIIYA LOPL INNN OIYNN
01/06/2015 1 a5 DY YV PYWTIND YT P2 — VITVINN NYI
01/12/2015 2 ars I TN MNHN I TIDY
01/12/2015 2 ars 3727 XY BizNar »2>0779 w193 yun
01/12/2015 2 ars MYNY NYY YINN MIMIRD TWY Y11 910 MmN
01/12/2015 2 ary T 19y PIVN NXIAPH MVTN
01/12/2015 2 ary "N NN DN 2 ON DY WIDND YN
01/06/2016 1 ¥ TR DNIAN YN IPNT 29D DNVINI MNY VIDN
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01/06/2016 1 ¥ TN YN NIAYMNA IR NN TDY
01/06/2016 1 ¥ IPYIN PO INTOR PIORT 27 NPNZNOVY TITIN YON
01/06/2016 1 ¥ ONIN NNDID ELK (T pwnn nsy  01p TR NNIND N2°202 D810 NITOY X1an) DN P71 KD NN
01/06/2016 1 P} N7 9y PN NXIAPN MVTN
01/06/2016 2 P} N7 9y TNRYS TN NINND NN ORI NN
01/12/2016 2 ¥ PN TN TPVIND NPNTNOVA VOPYV NPRI NN
01/12/2016 2 ¥ TPY R PWTIN YT M NOON MDY
01/12/2016 2 P} STKI mvan OO ONN
01/12/2016 2 o) T 19y PIVN NXIAPH MVTN
01/12/2016 2 ¥ NIV INY YR ONVNA TINND DIWP NP
01/06/2017 1 a ) PP TVT VOPLI MYIT NN
01/06/2017 1 T MNYNY NP VAN NNOY YT NPIVIIIN
0170672017 1 T »9) YoM GIS - N7 707¥2 YN NHIPYY DWW MNIPY
01/07/2017 1 175 N7 9y PN NXIAPN MVTN
0171272017 2 T STKI MPIN TPNN DY TPSDDIVNNN Y
01/12/2017 2 ars NOY JIN DN MNYI2 MNP NMIWHIYN
01/12/2017 2 p ) 979 o) THNM YT MNN,N2-NIND TIPA D97 DN 207022 MY P DIVP
01/12,2017 2 T NSV TTY D»OVINT OMADY NN
01/12/2017 2 p ) NN 9 7379 MIN NN 0N M MID 1PDNA YT TIDY NIDINI YINY
01/12/2017 2 T T 19y PIVN NXIAPH MVTN
01/12/2017 2 g o) MIN M YDYINPN YTV NDT
01/06/2018 1 TONIN ©M Data Virtualization — n»TY MNI %7185 DPNNIN DINN) 11DV VIdN
01/06/2018 1 MV OMN T NRIVN TN NYIN MHDNN DY T2 : PIITN MY HPNONOV
01/06/2018 1 k) N7 9y PN NIAPN MVTN
0170672018 1 o DHN INY ZOOMD nyspaNs) DINND VI YN
01/12/2018 2 k) 99V DY) Big Data -2 momuvix N7181 DMWp NNXONN
01/12/2018 2 T N9y PIVN NXIAPH MVTN
01/12/2018 2 YMIT N9y (2019-1994) NINKN H2APT NN YN NINNR DY
0171272018 2 o MIT N9y 527 ’8N DI RMIP NP
01/12/2018 2 T N9y 521 58N DI NINN
0171272018 2 o NPV APY 19179 Processing Truncated Terms In Document Retrieval Systems
01/12/2018 PR U N0 XY TPMONIN N2 DY NP N : 7PYA NY ¥ )NOLN
01/06/2019 1 U] T 99y PN NIAPHN MVTN
01/07/2019 1 U] N9 NIAN 12N NODIVIIN TINND NNV NN
01/07/2019 1 L) MR NP DION DOOPN MNINNMDI MIN INYWNN INNI PIMNININ YO
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01/07/2019 1 L) 9 ) RPA - Robotic Process Automation
01/07/2019 1 L) MITOND PR (DYODPL Y HOVIND NINM) FVIN NXY HY OINNI NI NN
01/07/2019 1 L) 79V DY TPYIL NIV NN DDA NYIL DOVID NINY YN
01/07/2019 1 L) NITR 19y INIY PN, PLDYY PN DN : NPIADNY NNIYOIN
01/07/2019 1 w3 AR Operational Data Store oMo N
0171272019 2 w3 BBC TVIYIDIN NNIN NN DY MINIINN ONN
0171272019 2 L) NN MNIN NLP -1 1511 0N1 - DOPOLN MNIDY DY NPIY NTNY HY 1YW
01/12/2019 2 L) TN-129% TN VT PTIND YT APAM YD NI 1PV N NPINVY ,NNY
01/12/2019 2 L) X2 DN NPV APY> '91130 DI
01/12/2019 2 L) MY 19y 2y T and Ny
01/12/2019 2 L) T 19y PIVN NXIAPH MVTN
0171272019 2 L) [BAZR ) PR T2 2N5 DY YVNMIVIN NN NI NV NPIND NHNN NNONI YWY
0170672020 1 () STKI DATA AS an ASSET 155 139X 923 5y5 0911 DY 551n0nY noon,

0170672020 1 () STKI NP2 NMNoNA ny»on SCIENCE n nonp 185
01/06/2020 1 1) PINRP JON XPLOR - 010317 Hw y10nn NN YN
01/06/2020 1 () VINOT YWIRILPL MNNRY ONPRNM NSQL 201N 0211) Y0701 NP
0170672020 1 () PN YL DINNN YINIWY MIZNIV Y900 NIT NPT NOY NIAN
0170672020 1 D 905 Y TONN MM PMII)
01/06/2020 1 L) NITN 99 IPIN PPN INY D27 DOPOINY DXVOPL NIV TINA NIYDY AWNNDN
01/06/2020 1 i) NITN 99 NIV YTAYVINY 7PN YTIN 2177 : DY ¥ 1901 HOH
01/06/2020 1 i) N7 9y PN NXIAPN MVTN
01/06/2020 1 i) N7 9y S3VTIN ™Y T HY M
01/06/2020 1 i) RIAVARIP DATA LITERACY — 013 MmN XYN2 YNy N
0171272020 2 (i) )TN ONIIAN VT maya (BIG DATA) 5y >wan vopva visn
01/12/2020 2 () VT2 M7 WIY NN 73 NMIPY DINPN
01/12/2020 2 i) 2y TIT Y2 MT Y2IY2) MY INIPY INNN,T AN
01/12/2020 2 () N0 OMN 973 IPNY 1917910 NI : DIPIY XIND Y
0171272020 2 (i) NIT 19y DY12NN 79y (2 NN HD1D) 175 TY N DYDY DPTIN
0171272020 2 (i) NIT I9Y DIDID PINN 7Y (2 NI2IN HDID) 175 TY X DD DPTIN
01/12/2020 2 () T N9y PIVN NXIAPH MVTN
01/12/2020 2 () T N9y N0 2770 YV TOONN MIAPYA NPV /9119 DY
0171272020 2 i) T N0y (1936-2020) M5 o1 NPMY 2PV 19179
0170672021 1 n”s IMOP YWY PN 093 ) MNNN ND
01/06/2021 1 nro YTPY NYIN PIANY YTPY NYION ,NINY DY P TINDD
01/06/2021 1 991 921 DN NN NIMPNN NI IVNMIVIN NPY NY JIINYN N1 D1 JIN
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PI2Y5 THYIV NAY TIDY — DINTIP TPY MY

P71 NOY NINYN

012NN 79y (1 N12IN H91D) 'ND TY /N D730 DPTIN
DYDY TINN 79Y (1 NN H9I1D) 'ND TY /N DITIT DPTIN
NYI IV Y TIIN N NNXIN NNN INN

PIYN NXIAPH MYTN

PIYN NXIAPH MVYTN

DLPLN AMI DY DR NAY NPT TIIXY NN NN VIDOY
DXPOY P2 MNTIND NOIWN

PYOWIN VIR DN NNYANY MNINOVN

D121 PN HY DXANIDN MTION

DY12NN 79y (2 NN H91D) NI TY 'NX DYDY DPTIN
DYDY TINN 7Y (2 NI2IN H9I1D) N TY ' DYDY DPTIN
PIYN NXIIAPH MYTN

Y1 NN Pwi v EDIS omnin ooa

D102 MITY — YON Y

D2IN-Y21I PIINY YyONn

PIYN NXIIAPH MYTN

NP MYP DY DT NAY XIPIN NMHAN NOWY NSPY NSPN NIWNN NN MIORY NDHINY )NINND
DINIIN DXIVN) T AN DY D1VMVIN NTVPI NP PIVY NYVP NIRIPY
PIVN NXIAPH MVTN

CHATGPT-2 nnosn
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