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ABSTRACT
How to monitor students’ learning in daily learning behavior and
guide teachers to teach more rationally are very important prob-
lems. While the digital teaching resources are popular, we can not
ignore the information of traditional paper media. We design a
homework processing system to solve the problems. First of all,
we begin the operation from the acquisition side, by photo taking
and image preprocessing, we make the homework picture with
semantic meanings. Then we construct an answer reference sys-
tem, which shows the answers of different kinds of incorrectbess
as samples for teachers to refer to when correcting. Semantic pic-
tures are dispatched to teachers handheld devices for intelligent
and precise correct activities. We divide correct process into deter-
mining the degree of error and giving comments to evaluate and
inspire students. Finally, we design a web page for homework data
management and correction statistics to help teachers understand
the homework completion status of students. The design of home-
work correction scheme is easy to deploy and can be used in most
teaching environments.

CCS CONCEPTS
• Human-centered computing → Ubiquitous and mobile com-
puting systems and tools;
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1 INTRODUCTION
The key point in reaching excellent studying is not knowledge or
ideas, but the construction of these knowledge and ideas by learners.
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Teachers should answer the students about what to study, how to
study and what to study next. A gap between new knowledge and
existing knowledge to students must be filled. How to discover the
gap is a main consideration in education.

To figure out the solutions, we think formative assessment[3]
is one of the important methods to guide teachers in teaching ac-
tivities and helping students find their own shortcomings. As an
important participant in teaching activities to help students carry
out knowledge construction activities, teachers should improve
their teaching skills besides mastering the students’ learning sit-
uation. For teachers, teaching activities are not scientific, but the
accumulation of experience and feedback, no specific method can
be directed to all students, so in the daily teaching activities, adjust-
ments according to the students feedback of teaching plan is very
important.

In China, the tide of elementary education reform has been
sweeping. Many primary and secondary schools have started us-
ing electronic textbooks and using electronic equipment for job
feedback. Digital teaching resources provide a convenient channel
for data collection and arrangement, and provide data support for
formative evaluation. As for traditional media, the data is difficult
to be effectively utilized, and it has become an obstacle to digital
education. As the paper media is more common in daily operations
and has higher convenience, we can not ignore the data on paper.

Our research starts from homework because using homework
to improve the academic achievement of students plays a signifi-
cant role[8] and homework is a key approach to acquire formative
assessment of everyday teaching activities. To make up the lack of
visibility[14] of learning, we design a homework control website
for teachers to do homework arrangement and result analysis to
provide a more direct view of students’ learning status.

This paper expounds the significance of this homework system
from two aspects of learning and teaching. Normalized operation
flow:
• Collection: we collect homework data from multiple chan-
nels: mobile phones, high speed scanners, electronic files.
Support multi-format and convenient collection.
• Tagging: by designing homework template before publica-
tion, customization, and post publication layout decomposi-
tion, we generate a file to describe that is in the paper.
• Correction: we use historic data to instruct teacher for pre-
cise correcting and restore correcting result for visualization
and further analysis.
• Sharing: as we talked before, we share effective teaching
practices and ensure teaching has the greates possible impact
on students’ learning.
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This paper begins with related work, covering the literature on
note-making technology. Then we display the overall five layers
structure of our system. This is followed by a detailed introduc-
tion of every deployed layer. Next we talk about how to visualize
homework correcting data on the web. Finally, we reiterate our key
findings and discuss the future work.

2 RELATEDWORK
Online marking system [16] has been widely studied, and has been
applied to the middle school entrance examinationïĳŇcollege en-
trance examination and other important examinations. By printing
the answering paper in advance, a high-speed answer paper im-
age acquisition can be realized by using a optical mark reader[9],
and the pre-processing operation for classifying the answers ac-
cording to blocks pre-defined. By scoring teachers can grade the
students’ responses through the Internet for both online courses[2]
and traditional course. However, this scheme is difficult to deploy,
performs higher requirements for instrument and equipment and is
not suitable for extensive promotion. We design a scheme to mark
the answering region, which means all the homework submitted
images will be marked using the XML semantic description. We
use daily equipment such as mobile phone[5], digital pen and other
high speed photographic apparatus[11] instrument to realize home-
work pictures collection, and through the intelligent equipment to
restore the traditional homework scene.

In the process of reduction of scene, teachers of homework is
divided into the marker symbols and evaluation of the students’
correct answer, through gesture recognition can be completed on
the classification of correcting the results, the sentence similarity
of comments recommended.

Record of academic achievement also plays an important role in
improving academic achievement[10]. According to the research
of learning dashboard[13], visualization of learning results can
help teachers improve teaching activities, and also help students
understand their own learning shortcomings and conduct targeted
learning[7].

3 SYSTEM OVERVIEW
Seeing from the perspective of function module, the homework sys-
tem consists of five parts respectively, they are: the data processing
server, pre-processing module, precise marking module, operation
management and visualization analysis module, experience sharing
module. Among them, the preprocessing module realizes high-
speed automatic collection, semantic processing and uploading
function of the homework image. The precise correction module is
implemented by handheld intelligent devices, including real-time
statistics based on gesture recognition[12], recommendation refer-
ence answer score and data upload and download functions. The
visualization module provides functions such as organization of
curriculum and homework resources, homework correction, result
analysis, and so on. The shared module shares the teaching and
learning experience with homework as a link. The data processing
server provides data preparation and calculation services for the
above functional modules.

4 DATA TRANSMISSION
Acquisition and Storage: Students’ assignments are taken by
means of photography, scanning, etc., and the homework are saved
in the form of pictures. Each of the corresponding types of home-
works has a description file corresponding to it. Description files,
detailed records of the layout of the homework layout and specific
topic information. This descriptive document provides data support
for post processing corrections. Both the picture and the descrip-
tion file of the homework are saved in the homework server. The
homework management page will read the homework data from
the server and provide visual support for the teacher’s evaluation
of the student’s homework. The process realizes the monitoring of
students’ learning situation and process evaluation.

Correction asMarking: if the acquisition work is marked com-
plete, the system will enter into correcting the results described in
the paper, and the correcting homework and save the correcting
result description file to be saved. The description file provides data
preparation for building the homework semantic network. At the
same time, without correcting the homework will be pushed to the
marking equipment. To the original image data including marking
information, homework description file, the recommended list and
available comments recommended classification reference answer.
Comments on the list by the server according to the assignment
of the knowledge point, answer and correcting of the use of con-
tract arrangement is recommended, while considering the mental
characteristics of students in this age group may have the reference
to describe marking errors, defects in the answer when students
have. The answer for the classification reference reviewers provide
reference for answer classification. Reviewers can be viewed in
different levels of error for the current sample answer, marking the
title of a reasonable error rating, with comments, can be achieved
on the depth and precision of correcting students’ answers. At the
end of the current correction, the result of the correction will also
be entered into the grading reference answer.

Transmission of Return: the data at the end of the correction
include the corrected picture and the description file of each picture.
The description document at this time retains the correction result,
and the result includes error grading and commenting. The content
is saved to the server, and can also be accessed andmanaged through
the homework management page. Shown in Fig.1.
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Figure 1: Software Data Flow
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5 HOMEWORK CORRECTION ON SMART
DEVICES

In this section, we will discuss about how to design a stable, effi-
cient and intelligent correction system using smart mobile devices
with touch screens. We aim to provide electronic correction en-
vironment and instruction operation, and also can automatically
generate statistical visualization information of homework. Specifi-
cally, the system uses a hierarchical operating interface design. The
hierarchical design can decouple the input information, guarantee
the system to be stablized, and improve the system scalability. Ac-
cording to the different functions, we consider to devide the the
system input interface into five layers: base layer, operation storage
layer, gesture recognition layer, precise correction reference layer
and statistical analysis visualization layer.

5.1 Software design
There are three main parts of the application for precision correc-
tion on handheld smart devices which is shown in Fig.2: A storage
subsystem, an operating subsystem, and a display subsystem. The
storage subsystem implements the storage of the original home-
work, which includes the original image and its corresponding
XML description file. At the same time, correcting the results of
statistics and comments on the recommendation list with Android
built-in database Sqlite is stored in the local database access from
the server in history in. Operation operation subsystem recognizes
users, including recognition of gesture recognition classification
to judge, the error level screen, save, flip action; operation sub-
system data synchronization update to the local database, when
marking work is completed, stored in the data will also be updated
to the server. The display subsystem is responsible for presenting
the results, including corrections for hand gestures, handwriting
and graffiti. The subsystem mainly retains the traces of the user’s
written actions and displays, to a greater extent, to restore paper-
based habits in traditional correction environments. We design a
five layers approach of displaying metrics referring to format of
multi-layer design of Microsoft Powerpoint[4].

Motion listener

Correction Comment

Result

Database

Images

XML

Writing

Drawing

Correction Storage Display

Figure 2: Application Structure Overview

5.2 Base Image Layer
The bottom layer displays the overall picture of the homework
to be corrected, and highlights the corresponding homework lo-
cal map according to the user’s touch position. Specifically, when

a user needs to correct a topic, click the topic first. The bottom
layer listens to the click operation and parses the specific coor-
dinates (x, y) of the clicks. After that, the bottom layer deter-
mines the location of the coordinates by the XML file in the layout
format, and extracts the rectangle region coordinates (XLef tTop ,
YLef tTop ), (XLef tBottom , YLef tBottom ), (XRiдhtTop , YRiдhtTop ),
(XRiдhtBottom , YRiдhtBottom ) to check which the topic belongs.
Details are also shown in Fig. 3 The XML file is obtained from the
server with the homework file, which defines the format and layout
information of the homework file. Finally, the bottom layer of the
complete picture region extraction operation, the selected rectangle
of the subject image to enlarge in top layer now.

Base Homework Image Layer

Operation Storage Layer

Gesture Recognition Layer

Precise Correction Reference Layer

Data Display Layer

Comment

Handwritten Comment

Statistical Data

＋1

Comment Text

Correction Ring

Region Restriction

Figure 3: Base Layer with Region Restriction

5.3 Operation Storage Layer
The gesture of homework processing layer in the user level judging
and handwritten comment is a specific topic based on the top layer
bottom layer operation. So we designed the action save to save all
of the user’s actions in the original image layer[1][15].

Specifically, we will save all of the user’s gestures, including the
level of checking and correcting handwriting annotation become a
combination of layers, according to the specific subject layer zoom
and extended to the original image layer set operation.

5.4 Precise Correction Reference Layer
Teachers often evaluate standard answers by correcting their as-
signments. In order to simplify the operation, precise correction
of the standard answer reference layer receives the bottom layer
transfer correcting problems in number to find the corresponding
database subject and history homework recommended information,
comments, and display above the bottom layer, for the teacher to
make more standard and reasonable decision marking.

5.5 Gesture Recognition Layer
The homework correcting system integrates the traditional correct-
ing behavior, integrates in the mobile device terminal, and supports
the endorsement of the teacher’s gestures. According to the in-
vestigation of the usual habit of correcting homework, the system
supports the teacher’s evaluation of the five grades of homework,
and the graphs of the five grades are shown in Fig.5. For example,
the fork is set for all wrong, a tick with one slash is set for almost
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Figure 4: Web Based homework Statistic Data Visualization

corret but with a little defect. The number of slash indicates error
level assessed by the commenter. Gesture recognition layer can
automatically, efficiently and accurately recognize the gestures of
five graphics, and convert the graph into the corresponding scoring
level for statistical analysis of final correction result information.
At the same time, the layer also supports user handwriting input
comments and other marking information to keep the teacher’s
usual correcting habits as far as possible. Gesture recognition has
used the number of strokes and the Google Android gesture recog-
nition API to recognize input types based on the cos value of the
input gesture path.

Specifically, shown in Algorithm 1, the gesture recognition layer
initiates a gesture listener that monitors user gestures for every
two seconds. Here, we assume that when the teacher corrects, the
time of grading the result is less than or equal to two seconds. The
specific monitoring algorithm flow is shown in Algorithm 1.

Within one second, if the number of strokes as a gesture, then
determine whether it is right. If yes, is full of rank count increased
by 1; if it is not right, it belongs to the user input, write graffiti.

If the gesture is two strokes, the difference is that the user input
is a fork or half pair. The gesture recognition layer calls the An-
droid gesture recognition API[6] (android.gesture.GestureLibraries,
android.gesture.GestureLibrary, android.gesture.GestureOverlayView,
android.gesture.Prediction). Identify. And the recognition results
corresponding to the statistical value increased by 1 processing.

In other cases, the input gesture types are distinguished by count-
ing the strokes, and the corresponding rank statistics are increased
by 1.

5.6 Statistical Analysis Visualization Layer
The statistical analysis shows that the layer can make the teacher
observe the overall score of the correction group in real time. Specif-
ically, the layer stores the correction result statistics of the object
groups. After obtaining the correction grade of the gesture layer
recognition, the number of the subjects in each class can be dis-
played in real time, and the teacher can quickly understand the
corresponding knowledge points of the students.

Algorithm 1 Gesture Recognition Process
Input:

The start point of touch event Pxy ;
The set of strokes S with time duration Ti and each stroke
length Li ;

Output:
Counter of different recognition result +1;

1: Find corresponding topic area according to Pxy
2: if

n∑
i=1

Ti < THRESHOLD

&& each Li>THRESHOLD then
3: Open a gesture recognition listener;
4: end if
5: Find size sum of the Stroke set.
6: Calculate prediction score of stroke set comparing to the pre-

defined user gestures to get result ;
7: if sum = 1 then
8: Restrict recognition result in RIGHT and NONGESTURE
9: else if sum = 2 then
10: Restrict recognition result in ALMOST, WRONG and

NONGESTURE
11: else if sum = 3 then
12: Restrict recognition result in SOMEWHAT and NONGES-

TURE
13: else if sum = 4 then
14: Restrict recognition result in LITTLE and NONGESTURE
15: else
16: Restrict recognition result in NONGESTURE
17: end if
18: return result ;

In short, through collaboration with these five layers, we design
the system can make the teachers without changing the original
paper type homework habits under the condition of efficiently
correcting in the mobile terminal equipment, and in the correction
process, correcting the reference in precision and real-time scores
of statistical information case teachers can clearly and accurately
understand the current students’ understanding degree, greatly
improving the efficiency of the teachers review.

6 HOMEWORK CORRECTION EVALUATION
WITH PRECISE CORRECTION RING

In this section, we introduce a auxiliary tools called correction
ring to provide teachers correction referenece and recommand
comments for specific homework topics. The ring also provides
history correction data and current correction status. The rings is
shown in Fig. 7. And we show a example of a corrected homework
page in Fig. 6.

6.1 correcting ring operation procedure
The correcting ring is an auxiliary tool for correcting the single item
subject accurately, shown in Fig. 7. The pre-processed data of precise
correction is provided by teaching metadata framework, which
is mainly carried out off-line. In correcting ring is not displayed,
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Figure 5: Five Levels of Fault Grade

Figure 6: Homowork after Correction

recommended by obtaining the evaluation comments correcting
result after correcting the choice of recommendation, criticism, and
achieve the same effect in the presence of precision correcting ring.

• Enter: double click to specify the exact correction problem
area, double-click the pop-up precise correction ring.

• Exit: after precise correction, double click the outer ring
area to hide the precise correction ring. After you leave the
correct correction ring, the results will be saved to the main
page

6.2 Precise Correction References with Answer
Classification

The reference answer is not the correct answer, but rather the
student’s objective reflection of the use of knowledge, and the
identification of the cause and extent of the problem by correcting
the mark of the marker. Refer to the answer as much as possible to
the questions that students may have in answering them.

The reference answer is to provide references for corrections in
correcting activities. According to their own experience in correct-
ing this problem causes or difficult to quantify the defect when the
reference are given, at the same time, correcting this assignment
correcting results will be recorded into the reference answer, and
then correcting them

The entry button for the classified answer is located above the
correction ring. Click on the button corresponding to the different
error levels to view the recommended reference answers under that
category.

• Click the button, pop up the classified reference list, and
slide the thumbnail view
• Click on different categories of buttons to switch different
categories of reference answer lists
• Click the thumbnail and eject the target reference on top of
the correction question
• Click on other thumbnails to change your reference answers
• Click the reference answer big picture to exit the larger view
mode
• Click the button, drop out the reference answer, and view
the list

6.3 Correcting Operation Process
Accurate marking is the correction of errors and defects. Precise
correction is mainly divided into two parts, the error level divi-
sion and the generation of criticism. The error grade is annotated
according to the historical answer mark of the answer reference
system, and combines the personal experience of the correcting
person with the history and the same type to correct the result, and
has certain scientific nature.
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• Error Level Identification:To record five kinds of gestures,
which correspond to “yes” and four different error grades.
Gesture, graphics and classification, answer, sign, sign the
same. Other actions are recognized as writing. After cor-
recting the gesture, the 5 types of correction results will be
statistically corrected and the current correction statistics
“+1” operation.
• Handwritten Comments: The comments sholud be dis-
tinguished between the five hand operations gestures and
writing operations. When the gesture is recognized as writ-
ing, the written result will be saved as a picture. Comments
can be written in the handwriting correcting ring and also
can be written when the correct ring is not appearing. The
handwritten characters saved as images will be sent to the
server for further processing such as handwritten character
recognition and emotion analyzing.

6.4 Selecting Comments
Thewhole comments consists of two half sentence: Knowledge/non-
knowledge defect sentence + emotion encouragement sentence. The
first half sentence describe defects on knowledge and answering
technique. And the last half is emotion encouragement sentence.

First level comment button - two column vertical arrangement
are mutually exclusive, only one button can be selected. The evalua-
tion of knowledge and non-knowledge acquires clicking the vertical
buttons or horizontal button, the color of the chosen button will be
deepen. Second level comment button - these buttons will shown as
a more detailed classification of the first level comment button. We
provide five comment sentences in each frst level comment button.

The chosen knowledge/non-knowledge half sentence and emo-
tion encouragement half sentence will be composed into a complete
comment for labeling the student answer.

When the ring is displayed, by double click outside the ring area,
comments will be saved to the main interface on the operation
storage layer.

Figure 7: Correction Ring

7 WEB BASED HOMEWORK VISUALIZATION
We display and organize the organization and statistics of the home-
work resources through the web page. At the top of the page is the
timeline, in weeks. Through the left option, choose different time
scales, respectively, by semester, school year, career three scales.
The middle slider represents the time range corresponding to the
resources displayed in the current screen range. For example, when
the screen shows 19-21 weeks of teaching content within a semester,
the slider covers 19-21 or three times. Teachers can use the mouse
wheel to control the number of chapters displayed in the screen.
When the content displayed in the screen is too long, the system
will merge the similar contents according to certain rules.

At the far right of the timeline is the student group selection but-
ton. In our program, a teacher divides classes according to different
classes. When a class of labels is selected, all the resources at the
bottom are connected to the class.

The contents of the brown box below are the main contents of a
chapter. Each chapter organizes the course contents into sections.
Teachers can arrange the teaching plan through the plus and minus..
In the boxes under the add and subtract, the black boxes at the top
indicate the course. There are new classes, recitations, experimental
classes, etc.. The main contents of the section are indicated in the
box. When the color of the box is light brown, it represents the end
of the course. Dark brown indicates that the subject has not yet
started.

The bottom louvered structure is the statistics of student assign-
ments. When you click the Class one button, the window page
shows the completion of different topics by color. From red to green
represent the severity of the problem. Red indicates a serious prob-
lem on the subject. Green means there is no serious problem with
the subject. Click the class flag to switch the query to the homework
status.

At this point, the shutter is set to single page linkage status.
Homework condition of single student will be shown at the same
time. Teachers use mouse to slide on the shutter, the system can
display learning conditions of single student in different chapters
under the completion of the work trend. Teachers can clearly see
which chapter of the student’s knowledge is not good, so as to infer
what problems the students are having in their studies. It allows
accurate positioning of individual student defects. Click on the
student’s single page, teachers can thoroughly check the student’s
real homework completion and correction.

8 RESULTS AND FUTUREWORK
This paper designs and implements a closed-loop system for home-
work correction. The system consists of four parts: 1, the original
operation collection and pre-processing part; 2, based on mobile
devices, 3 homework; homework results visualization of web appli-
cations; 4, responsible for the data processing server. The system
can make teacher homework correcting and automatic correcting
results to the use of gestures in mobile electronic devices, intelli-
gent, efficient and convenient to improve the traditional teacher
grades homework habits.

Compared with the traditional ways of homework correcting, the
system allows students to submit electronic homework, traditional
homework, teachers can conveniently carry the workload out of
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Figure 8: Data Displaying Demo on the Web

office, which greatly improve the quality and efficiency of home-
work correction procedure. We provides tool support for formative
assessment for teachers. We realize our homework correction client
system in the Android mobile table, using high speed photographic
apparatus for homework data collection. The visualization system
is developed based on web using PHP and JS. We verified the fea-
sibility of the system. It is stable and efficient to assist teachers in
daily teaching activities and homework.

In the future we will further improve user experience of home-
work corretion , increase the analysis statistics and provide more
intelligent answer comment recommendation, and further improve
the system’s actual application value, promote the development of
digital education revolution.
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