Automated Essay Scoring
1 Brief Overview
Automated essay scoring (AES) is defined as the computer technology that evaluates and scores written works [1]. AES appears with different titles like automated essay evaluation, automated essay assessments and automated writing scoring. AES offers many advantages as increasing scoring consistency, introducing varied high-stakes assessments, reducing processing time and keeping the meaning of "Standardization" by applying the same criteria to all the answers. In other words AES provides benefits to all assessment tasks' components student, evaluators and testing operation. Using AES students can improve their writing skills by receiving a quick and useful feedback, evaluators will have the ability to perform repeated assessments without boredom and variation and testing operation is more flexible that it can be held at any time with different purposes and candidates. AES has some disadvantages like extracting variables that are not important in evaluation operation, the lack of personal relationship between students and evaluators [2] and the need for a large corpus of sample text to train the AES model [3]. Most of AES works is designed for English language only few studies were designed to support other languages like Japanese, Hebrew and Bahasa Malay.
AES models can be classified into three general approaches [4], two of which involve the collection of empirical data, and one that is currently more of a theoretical option. In the first approach, two samples of essays are collected, one for model training and the other for model evaluation, each of which has been graded by multiple raters. In the second approach, the evaluation of content may be accomplished via the specification of vocabulary. Latent Semantic Analysis (LSA) is employed to provide comparisons of the semantic similarity between pieces of textual information. The third approach is to develop models that are based on a “gold standard” formulated by experts which is more theoretical than applied. 

2 Current and envisioned applications    
There are three major developers of AES [4]; the Educational Testing Service (ETS), Vantage Learning and Pearson Knowledge Technologies (PKT). Currently there are four commercial applications of EAS:  Project Essay Grader (PEG), Intelligent Essay Assessor (IEA), IntelliMetric and Electronic Rater (E-rater). 
PEG was the first AES system in the history of automatic assessment which uses proxy measures to predict the intrinsic quality of the essays. Proxies refer to the particular writing construct such as average word length, average sentences length, and count of other textual units [5,6]. The statistical procedure used to produce feature weights was a simple multiple regression. Ellis Page created the original version in 1966 [7] at the University of Connecticut. A modified version of the system was released in the 1990s; which enhanced the scoring model by using Natural Language processing (NLP) tools like syntactic analysis which focus on grammar checkers and part of speech (POS) tagging.  
Intelligent Essay Assessor (IEA) (1997) was originally developed at the University of Colorado and has recently been purchased by Person Knowledge Technology (PKT). It focuses primarily on the evaluation of content and scores an essay using (LSA) [8,9], IEA trains the computer by combining an informational database that contains textbook material, sample essays or other sources rich in semantic with the LSA method. IEA requires fewer human-scored essays in its training set because scoring is accomplished based on semantic analysis rather than statistical models [10]. 
IntelliMetric was developed by Vantage Learning Technology in (1997). IntelliMetric is a part of a web-based portfolio administration system called MyAccess!, IntelliMetric is the first AES system that was based on artificial intelligent (AI). It analyzes and scores essays by using the tools of Natural Language Processing (NLP) and statistical technologies. IntelliMetric is a type of learning engine that internalized the "pooled wisdom" or "brained based" of expert human evaluators [11]. 
E-rater has been developed by Educational Testing Service (ETS) and is currently used for scoring the Graduate Management Admission Test Analytical Writing Assessment (GMAT® AWA), for scoring essays submitted to ETS’s writing instruction application and in Criterion Online Essay Evaluation Service. Criterion is a Web-based, commercial essay evaluation system for writing instruction that contains two complementary applications. The scoring application uses the e-rater engine by extracting linguistically-based features from an essay and uses a statistical model to assign a score to the essay [12, 13]. 
The following table represents applications' results achieved in terms of test, sample size of scored essays, human-human correlation and human-computer correlation.
Table 1: AES applications' results
	System
	Test
	Sample size
	Human-Human r
	Human- Computer r

	PEG (1997)
	GRE
	497
	.75
	.74-.75

	PEG (2002)
	English placement test
	386
	.71
	.83

	IntelliMetric (2001)
	k-12 norm- referenced test
	102
	.84
	.82

	IEA (1997)
	GMAT
	188
	.83
	.80

	IEA (1999)
	GMAT
	1363
	.86-.87
	.86

	e-rater (1998)
	GMAT
	500-1000
	.82-.89
	.79-.87

	e-rater v.2 (2006)
	GMAT - TOEFEL
	7575
	9.3
	9.3


Although the majority of AES applications have focused on text, speech-based capabilities are also making their way into commercial applications. The most famous speech-based scoring applications are EduSpeakTM and SpeechRaterTM. 
EduSpeakTM is developed by Stanford Research Institute (SRI) International; it is a speech recognition system for computer learning and training applications such as foreign language education, English as a second language (ESL), reading development and interactive tutoring, and corporate training and simulation.
 SpeechRaterTM was developed by (ETS) since 2002. The tasks scored by SpeechRaterTM are modeled on those used in the Speaking section of the TOEFL® iBT (internet-based test).
3 Main Players

Although AES was just an idea it turned to be an important technology that no e-learning application can go without thanks to the great effort made by researchers and organizations. This section exposes to the major leading organizations in AES, also a brief biography of the key persons of the field will be presented.
Table 2: The major leading organizations in AES technology 
	Organization
	Web Site
	Scoring Application

	Educational Test Services 
	www.ets.org
	E-rater,SpeechRaterTM

	Vantage Learning
	www.vantagelearning.com
	IntelliMetric

	Pearson Knowledge Technologies
	www.pearsonkt.com
	IEA

	Stanford Research Institute
	www.sri.com
	EduSpeakTM


Table3: The key persons in AES technology

	Name
	Contact
	Brief Biography

	[image: image1.emf]
Mark D. Shermis
	College of Education

Zook Hall 217

The University of Akron

Akron

OH 44325-4201

USA

+1 352 392 0723

ext. 224

+1 352 392 5929

mshermis@uakron.edu
	· Master’s and PhD from the University of Michigan.

· Presently professor and dean in the College of Education at The University of Akron.

· Has a leading role in bringing computerized adaptive testing to the internet and for the last 8 years has been involved in research on automated essay scoring.

· He collected his experience in the seminal book on the topic  "Automated Essay Scoring: A Cross-Disciplinary Approach"

· Also contributed in "Using Microcomputers in Social Science Research" which was one of the first successful texts on the topic.
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Klaus Zechner
	Educational Testing Service

Rosedale Road

MS 11-R

Princeton

NJ 08541

USA

+1 609 734 1031

kzechner@ets.org
	· PhD from Carnegie Mellon University (thesis on automated speech summarization) and has four master’s degrees in computer science, linguistics, cognitive science, and computational linguistics.

· Pioneered ETS’ research and development efforts in automated speech scoring. 

· Has related publications in TOEFLiBT (Internet-based Test) research report 

· Was awarded the ETS Presidential Award 2006 For his efforts in Speech Rater project
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Jill Burstein
	Educational Testing Service

Rosedale Road

MS 11-R

Princeton

NJ 08541

USA

+1 609 734 1031

jburstein@ets.org
	· BA in linguistics and Spanish from NewYork University  , MA and PhD in linguistics from the City University of New York, Graduate Center

· Principal development scientist in ETS Research and Development.

·  Has obvious contributions  in Criterion and e-rater 
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Derrick C. Higgins
	Educational Testing Service

Rosedale Road

MS 11-R

Princeton

NJ 08541

USA

+1 609 734 1031

dhiggins@ets.org
	· PhD in Linguistics from the University of Chicago

· Currently a group leader in the automated scoring and NLP group in the research division of ETS

· Research focus is in educational applications of computational linguistics particularly in the processing of natural-language semantics.

· Another interest is in SpeechRater system for automated scoring of spontaneous spoken responses.


4 Needed and Available Resources

The needed resources for building AES application are summarized into two parts; the first part is the need for preparing a gold standard corpus by Arabic linguistic specialists, this corpus should include from 500 to 1000 writing documents that will be analyzed for building the training module. The second part is the need of NLP tools to extract the linguistic features; the following table represents a brief description of the needed tools.
Table 4: Needed resources for building Arabic AES application      
	Type of Knowledge
	Function
	NLP Tools

	Morphology
	The identification, analysis and description of the words structure.
	Morphology Analyzer

	Syntax
	The study of the principles and rules for constructing sentences
	POS Taggers, Syntactic Parser

	Semantic
	Meaning of words and sentences
	Lexical database, Word Sense Disambiguation (WSD) Tool, Topical Analyzer

	Discourse
	How the interpretation of a given sentence is affected by its preceding sentences.
	Discourse Analyzer

	Stylistics
	The study of varieties of language whose properties position that language in context
	Stylistics Analyzer


Many web sites can be considered a reference to the available Arabic NLP resources (corpora and tools) the best collection is represented in the following URLs and Table 5:-

·  http://www.globalwordnet.org/AWN/Resources.html
·  http://www.elsnet.org/arabiclist.html
· http://www.rdi-eg.com/rdi/technologies/arabic_nlp_pg.htm
Table 5: Arabic NLP free resources 
	 Arabic Resource
	URL

	Arabic Morphological Analyzers

	Tim Buckwalter Morphological


	· http://www.qamus.org/

· http://www.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2002L49

	Xerox
	· http://www.cis.upenn.edu/~cis639/arabic/input/keyboard_input.html

	Aramorph


	· http://www.nongnu.org/aramorph/english/index.html

	Arabic spell checker

	Aspell


	· http://aspell.net/

· http://www.freshports.org/arabic/aspell



	Tokenization & POS tagging

	ArabicSVMTools


	· http://www1.cs.columbia.edu/~mdiab/

· http://www1.cs.columbia.edu/~mdiab/software/AMIRA-1.0.tar.gz

	MADA
	· http://www1.cs.columbia.edu/~rambow/software-downloads/MADA_Distribution.html

	Stanford Log-linear POS
	· http://nlp.stanford.edu/software/tagger.shtml

· http://nlp.stanford.edu/software/stanford-arabic-tagger-2008-09-28.tar.gz

	Attia's Finite State Tools
	· http://www.attiaspace.com/getrec.asp?rec=htmFiles/fsttools

	Arabic Parsers

	Dan Bikel’s Parser


	· http://www.cis.upenn.edu/~dbikel/

· http://www.cis.upenn.edu/~dbikel/software.html

	Attia Arabic Parser


	· http://www.attiaspace.com/

· http://decentius.aksis.uib.no/logon/xle.xml

	Arabic WordNet

	Arabic WordNet


	· http://www.globalwordnet.org/AWN/

· http://personalpages.manchester.ac.uk/staff/paul.thompson/AWNBrowser.zip


5 Recent papers

As we stated before AES became a mature technology thanks to great research in the field; this section presents the most recent papers of AES 
· Shermis, M. D., Burstein, J., Higgins, D., & Zechner, K. (in press). Automated essay scoring: Writing assessment and instruction. In E. Baker, B. McGaw & N. S. Petersen (Eds.), International encyclopedia of education (3 ed.). Oxford, UK: Elsevier.
· Burstein, J. (2009). Opportunities for natural language processing in education. In A. Gebulkh (Ed.), Springer lecture notes in computer science (Vol. 5449, pp. 6-27). Springer: New York, NY.
· Sukkarieh, J. Z., & Stoyanchev S. (2009). Automating model building in c-rater. In R. Barzilay, J.-S. Chang, & C. Sauper (Eds.), Proceedings of TextInfer: The ACL/IJCNLP 2009 Workshop on Applied Textual Inference (pp. 61-69). Stroudsburg, PA: Association for Computational Linguistics.
· Sukkarieh, J. Z., & Kamal, J. (2009, June). Towards agile and test-driven development in NLP applications. Paper presented at the Software Engineering, Testing, and Quality Assurance for Natural Language Processing Workshop at NAACL 2009, Boulder, CO.
· Zechner, K., & Xi, X. (2008): Towards automatic scoring of a test of spoken language with heterogeneous task types. In Proceedings of the Third Workshop on Innovative Use of NLP for Building Educational Applications (pp. 98-106). Columbus, OH: Association for Computational Linguistics.
6 Survey Questionnaire
This section introduces a sample survey questionnaire that can be used to gather data from people who are expected to be interested in using the Arabic AES. This data will reflect their expectations about the system and will be of a great help in designing it.

Name: ...............................................................................................................
Title:
....................................................... 
Job: ........................................
· Which educational stage will AES target?
	· Primary Students
	· University students

	· Secondary students
	· Postgraduate Students 


· What are other professions than academic stuff can use AES technology?

	· Press
	· Lawyers

	· Publishers
	· others


· Which technology do you prefer to combine with AES?

	· Automatic Question Answering
	· OCR

	· Automatic Text Summarization
	· Others


· AES technology has higher priority to be applied in Arabic language than other NLP technologies.
	· 
Agree
	· Disagree

	· Strongly Agree 

	· Strongly disagree


· What is the expected time for issuance of Arabic AES application? 
	· 1:2 years 
	· 3:4 years


· AES technology can improve Arabic Speech Track
	·  Agree
	· Disagree

	· Strongly Agree 

	· Strongly disagree


· What problem does AES technology solve?

· What other technologies can substitute AES technology? 
· What is the importance of using AES on academic society?

· What other fields can use AES technology than academic field?

· Is it better to use AES technology as standalone application or combine it with other NLP technologies?
7 SWOT Analysis

In this section we are assessing the potentials of working on Arabic AES by having a deeper insight into all the circumstances that could positively or negatively affect the project. 
	Strengths
criteria examples 
 ( Advantages   , capabilities  ,  Experience )
	Weaknesses

criteria examples
(Lack of resources, Different technologies)

	· improve students writing skills by receiving a quick and useful feedback

· Enable evaluators to perform repeated assessments without boredom and variation.
· Testing operation is more flexible that it can be held at any time with different purposes and candidates
· Keeps the meaning of standardization in evaluation.
· More capabilities than ordinary grammar checker as morphology, syntax, discourse, semantic, and writing style.   

· Strong Experience is available from organizations working on English AES.
	· lack of personal relationship between students and evaluators

· not all extracted features are used in evaluation operation

· Lack of Arabic NLP tools for semantic, discourse and style analysis.

·  The difficulty of merging existing available Arabic NLP tools in a standalone application.

· The need for large corpus prepared by Arabic linguistic specialists.


	Opportunities
criteria examples 
 ( various fields , developing technology)
	Threats

criteria examples 
(Educational systems , Standard exams , Fund)

	· Can be used in other fields in addition to academic field.

· Working in Arabic AES will enrich Arabic NLP resources and tools which will positively affect Arabic NLP 

· Using Arabic AES will benefit Arabic E-leaner systems.

 
	· Arabic Educational systems are not fully computerized.

· Arabic Educational systems don't stress on the writing process like English educational systems.

· Standard Arabic Exams are not well known like English language exams (TOEFEL).

· Lack of funds may happen along the way and the language resources will not be complete.
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