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Utilize TeX for promoting
operational efficiency in school



2-stage Selection

First Stage F—
National Center Test for

University Admissions

+ Examinees: over 570,000 students

+ Multiple-choice test

+ Automatically scored by computers
+ Used as cut-offs for the 2nd stage



2-stage Selection

Second Stage

Exams conducted by
individual universities

+ Examinees: students who passed the |st stage
(Required score depends on each university)

+ Style: descriptive paper test

+ Graders: professors at each university



Preparatory Schools

Privately-run schools which provide education
supplementary to public education

Aim to help students prepare entrance exams

Conduct practice exams on a regular basis




Specifications of Practice Exams

Paper-and-pencil exam in a descriptive manner
Examinees: over 800 students

Graded by humans

Assigned time for grading: less than one week
Fairness is strictly required

Graders correct answers and add comments

Return feedback to examinees
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Pile of answer sheets




Before TeX

|. Sort answer sheets by hand

2. Divide a pile of answer sheets into some
piles

3. Graders score their assigned problems in
parallel

4. Exchange the piles to each other



Divided piles
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Before TeX

5. Transcribe hand-written scores
into Excel

6. Cross-check the transcribed
scores visually <3 /,




Before TeX

5. Transcribe hand-written scores

into Excel
6] Insanely Tnefficient

scores visually < &




Before TeX




Requirements for the
New Digital Grading System

Paper-and-pencil style must be maintained.

Multiple graders should be able to score in parallel
on the digital system.

Privacy and fairness should be secured.
The system must be run on macOS/iOS.

Feedback to examinees should be returned in paper.



Solution

Construct a Digital Exam Grading System

Utilize TeX as a PDF manipulation tool



TeX system as a PDF
manipulation tool

pdfTeX has a lot of powerful primitives
that manipulate PDF since early times.

Recently (x)dvipdfmx has been enhanced
in terms of PDF manipulation.



Recent enhancements of
(X)dvipdfmx
extractbb is automatically invoked when needed. (TL2015)
page option of \includegraphics is supported. (TL2015)

pagebox option of \includegraphics is supported. (TL2016)

\includegraphics supports direct input of Adobe
lllustrator files. (TL2014)

pdfpages package supports (x)dvipdfmx. (TL2015)
(x)dvipdfmx supports rotated PDF pages. (TL2018)



\includegraphics options

\1ncludegraphics [page=2, pagebox=artbox,
viewport=0 20 40 80, scale=2.5, clip]
{foobar.pdf}

page : PDF page number to include

pagebox : mediabox/cropbox/trimbox/bleedbox/artbox
viewport : bounding box relative to pagebox

scale : magnification scale factor

clip : hide outside of bounding box



The workflow of the newly built
digital grading system using TeX



Step 1: Prepare Answer Sheets

Make individualized answer sheets using TeX
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grcode package

Il Cover ~ | 2. Upload ~ I (U Browse ~ | |

QR code generator written in pure TeX ‘o

Developed by Anders Hendrickson arcode - Generate QR codes in LATEX

The package generates QR (Quick Response) codes in IATEX, without

I n C I u d e d i n CTA N a n d TeX Live the need for PSTricks or any other graphical package.

Sources /macros/latex/contrib/grcode

Documentation (fh README
Eloﬂﬂ Package documentation

Version 1.51
Licenses The IATEX Project Public License 1.3
Maintainer Anders O. F. Hendrickson
Contained in TeXLive as grcode

MIKTeX as qrcode
Topics Barcode

Rule

QR Code
See also pst-barcode

@ Download the contents of this package in one zip archive

(271.3k).

Community Comments

No comments on this package are available yet. You can be the first to
rate this package!




grcode package

QR code generator written in pure TeX
Developed by Anders Hendrickson
Included in CTAN and TeX Live

Each block is drawn with \rule

Il Cover ~ I 2. Upload ~ I (U Browse ~ I |

Location: CTAN Packages qrcode

grcode — Generate QR codes in IATEX

The package generates QR (Quick Response) codes in IATEX, without
the need for PSTricks or any other graphical package.
Sources /macros/latex/contrib/grcode
Documentation (IQB- README
‘%‘%}L Package documentation

Version 1.51
Licenses The IATEX Project Public License 1.3
Maintainer Anders O. F. Hendrickson
Contained in TeXLive as grcode

MIKTeX as qrcode
Topics Barcode

Rule

QR Code
See also pst-barcode

@ Download the contents of this package in one zip archive

(271.3k).

Community Comments

No comments on this package are available yet. You can be the first to
rate this package!



Step 2: Scan answer sheets

After conducting an exam, scan the collected answer sheets
and obtain scanned-PDF.
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Scanned answer sheets
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Step 3: Read, sort and correct images

|dentify the examinee of each sheet
based on the embedded QR code

Sort images by the numbers
encoded in the QR codes

Correct the scanned-images based

on the criterial marks
Paper orientatioN

Translation

Rotation

Distortion



DyNAMIKS

DyNamic Asynchronous Mark-interpretation Kernel System

Developed by Mitsuhiro DAIMON (Physics teacher at our school)
Written in Swift and Objective-C
Run natively on macOS

Use macOS Cocoa API for PDF handling

Adopt OpenCV as its image-processing engine

Being developed on GitHub
(but currently not open-sourced, sorry.)



&) Tetsuryokukai / DyNAMIKS3 rrivate ¢ Configure Sourcegraph ® Unwatch~ 2 wStar O YFork | O

Code ® Issues 16 Pull requests 0 Projects 0 Wiki Security Insights Settings

Filters v is:issue is:closed © Labels 8 =» Milestones 0 m

Clear current search query, filters, and sorts

7 @ 16 Open + 11Closed Author ~ Labels ~ Projects ~ Milestones ~ Assignee v Sort ~

@ Column Editor TY—Y VEARICHENFLREL WL [d2
#31 by doraTeX was closed on 20 Jun

- @ preview E— K IC&WT Measured rectangle: [nan, nan] &35 [Ja
#30 by doraTeX was closed on 14 May

@ BY—-J060DERON1ICRES Da
#28 by doraTeX was closed on 7 Apr

@ scancroplc&IBR—7 71ILRIEE (313
#19 by doraTeX was closed on 20 Feb

& scancroplc &7 2 REV G HHDILERF 31
#18 by doraTeX was closed on 20 Feb

@ AEWTRAR—IISTEBSEE enhancement 11
#14 by VoD was closed on 23 Feb

7 & normal €= K ONFA—9—BRBEZRT (31
#11 by VoD was closed on 22 Feb 2018 _[LKNA...

) @ pdfscancrop E— R£% 1
#6 by VoD was closed on 31 Dec 2018 2018 ZEIRA...

| @ EREEOE §Eestion .
#5 by VoD was closed on 3 Sep 2018

1 @& OpenCV DEITRICESL SHE (5

#3 by VoD was closed on 27 Aug 2018

T & JSON/K—RATERHZW (]2
#1 by VoD was closed on 25 Jul 2018
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7 @ normal €E— R ONFAXA—9—RBEZHRT 31
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& pdfscancrop €— F£#& [J1
#6 by VoD was closed on 31 Dec 2018 20185 —[O&KXA...

@ BIREEOE [Giesion .
#5 by VoD was closed on 3 Sep 2018

& OpenCV HERITRICESL D RIE 05

#3 by VoD was closed on 27 Aug 2018
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#1 by VoD was closed on 25 Jul 2018



Step 4: Make grading forms
By using

\includegraphics[page=...,viewport=...]

Split each answer sheet

Make grading forms
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Grading Form
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Grading Form

Import only specific problems
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Grading Form

Remove name and import QR code
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Print the restored answer sheets in color
Return them to students in classrooms
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Workflow Summary

Make individualized answer sheets by TeX and conduct an exam.

Scan the answer sheets into PDF.
Sort and correct the scanned-PDF with DyNAMIKS.
Split them and generate grading forms by TeX.

Perform grading with iPad Pro + Apple Pencil + GoodNotes.
Read scores by DyNAMIKS.

Restore answer sheets and overprint scores by TeX.
Generate analysis sheets by TikZ + tcolorbox.

Print sheets and return them to students in paper.



All-in-One App

macOS GUI App
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This is e-upTeX, Version 3.14159265-p3.8.2-
ul.24-190131-2.6 (utf8.uptex) (TeX Live 2020/dev)
(preloaded format=uplatex)

\writel8 enabled.
entering extended mode
(/var/folders/nt/br950yj540b90k_114019w280000gn/T/
AB39A3E6-FF71-4BD4-ACD3-F4FD89304A92. tex
pLaTeX2e <2019-04-06u02> (based on LaTeX2e
<2018-12-01>)
(/usr/local/teTeX/share/texmf/ptex/platex/
tetsutex/tetsujsarticle.cls

LaTeX Warning: You have requested document class
“tetsujsarticle’,

but the document class provides
‘jsarticle'.

Document Class: jsarticle 2019/04/06 jsclasses
(okumura, texjporg)
(/usr/local/teTeX/share/texmf/ptex/platex/
tetsutex/xstring.sty) (/usr/local/teTeX/share/
texmf-dist/tex/latex/base/flegn.clo)

No auxiliary output files.

(/usr/local/teTeX/share/texmf/ptex/platex/
additionalFonts/misc/etoolbox.sty) (/usr/local/
teTeX/share/texmf/ptex/platex/jsclasses/
jslogo.sty)

) (./AB39A3E6-FF71-4BD4-ACD3-F4FD89304A92.sty (/
usr/local/teTeX/share/texmf/ptex/platex/tetsutex/
tetsuryoku.sty
(/usr/local/teTeX/share/texmf/ptex/platex/
tetsutex/platex-tools/plautopatch/plautopatch.sty
(/usr/local/teTeX/share/texmf/ptex/platex/
tetsutex/currfile/filehook.sty))
(/usr/local/teTeX/share/texmf/ptex/platex/
additionalFonts/misc/regexpatch.sty
(/usr/local/teTeX/share/texmf-dist/tex/latex/
13kernel/expl3.sty (/usr/local/teTeX/share/texmf-
dist/tex/latex/13kernel/expl3-code. tex)
(/usr/local/teTeX/share/texmf-dist/tex/latex/



Result

Time for grading: shortened
Fairness: enhanced
Risk of losing answer sheets: disappeared

Transcription by hand: no longer necessary



Result

Time for grading: shortened
Fairness: enhanced
Risk of losing answer sheets: disappeared

Transcription by hand: no longer necessary

» Efficiency: improved
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Difficulty

"Too many images in a document”
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1031

1032

1033

1034

1035

1036

1037

/* Migrated from pdfobj.h. Those are not PDF object related...
#define MAX IMAGES 5000 /* This may be enough */

texk/dvipdfm—-x/pdfximage.h

if (xobj id > MAX IMAGES - 1) {
spc_warn(spe, "Too many images...");
pdf release obj(fspec);
if (ident)
RELEASE (ident);

return -1;

}
texk/dvipdfm—-x/spc_pdfm.c
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/* Migrated from pdfobj.h. Those are not PDF object related... */
#define MAX IMAGES 5000 /* This may be enough */

texk/dvipdfm—-x/pdfximage ‘\
Not enough!

1031 if (xobj id > MAX IMAGES - 1) {

1032 spc _warn(spe, "Too many images...");
1033 pdf release obj(fspec);

1034 if (ident)

1035 RELEASE (ident);

1036 return -1;

1037 | }

texk/dvipdfm—-x/spc_pdfm.c
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/* Migrated from pdfobj.h. Those are not PDF object related... */
#define MAX IMAGES 5000 /* This may be enough */

RELEASE (ident);

return -1;

}
texk/dvipdfm—-x/spc_pdfm.c




Future Work

Handwritten Digit Recognition
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Future Work

MNIST
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Conclusion

TeX is useful also as a PDF manipulation tool.

TeX has enormous potential to automate daily tasks
and enhance efficiency.

Explore further utilization of TeX
as ah automation tool!




