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Executive Summary
Research Requirement
Research is needed for the development and prototyping of an advanced personal learning capability which is being pursued by DASD(R)/Training Readiness and Strategy (TRS) - Advanced Distributed Learning (ADL) Initiative, in response to the White House request for USD (P&R) to take the lead on the “application of learning technologies in DoDEA schools and elsewhere.”  The specific requirements under this contract called for the reuse of an existing math educational game to develop a intelligent tutoring capability that would be useful for the DoD Education Activity (DoDEA). The research requirements included modification of the tutoring technology to include the use of tutoring constructs as demonstrated in DARPA’s Educational Dominance program. Evaluations were to be conducted to verify the efficacy of the solution.
Procedure
Advanced Training & Learning Technology, LLC (AT&LT) followed a research approach that leveraged existing and ongoing development of their educational math game intended to teach a Pre-Algebra curriculum. The R&D activities consisted of the development of a generalized and modular software library consisting of an Intelligent Tutoring Agent (ITA) and associated Application Programmer’s Interface (API) to integrate tutoring algorithms and data with the AT&LT Math Game.  The intended use of the ITA and math game was for 6th-8th grade middle school students. The research objectives also included research to assess the efficacy of deployment of the math game and tutoring technology within DoDEA.  
Findings
AT&LT followed a R&D schedule that consisted of ITA development concurrent with a series of three phases of formative evaluations to assess the quality and necessary improvements to both the tutoring technology and the math game as used by 6th-8th grade students. The research included the successful development of an ITA Software Library (ISL) consisting of the ITA, the API, and associated software documentation and support tools. The initial version of the ITA provides basic tutoring functions for asset management, visual and auditory feedback, forced interventions, and time-based monitoring and assessment, among other features and capabilities. The functionality of the ITA coexisted as an embedded tutoring capability and set of features in a version of the math game that was successfully used in series of formative evaluations and culminated in student math camps that included the successful use of the game by the student population targeted for this research.  The math game was also successfully deployed and used in an informal setting by DoDEA during a summer enrichment program at Ramstein AFB.  
Utilization and Dissemination of Findings
The results presented in this Final Technical Report should be of interest to educational game designers and developers, and personnel involved in the implementation of intelligent and adaptive tutoring technologies.  The lessons learned and recommended areas for future intelligent tutoring technology development should be considered for future R&D activity. This report has been sent to the Government sponsors of this research at PM TRASYS and Advanced Distributed Learning Co-Lab. The results are to briefed in December 2012.
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[bookmark: _Toc219975740]Introduction 
This document is the Final Technical Report of the Game-Based Tutoring Technologies project conducted under the aegis of PM TRASYS Contract # M67854-12-C-8088. It provides the technical discussion of Advanced Training & Learning Technology, LLC, hereafter referred to as AT&LT, work to produce Intelligent Tutoring Agent (ITA) technology for use in educational games, and to conduct formative and summative evaluations using the tutoring technology developed under this effort. 
[bookmark: _Toc219975741]Scope of Research & Development 
The Research and Development (R&D) activities and supporting tasks consisted of an 12 month applied research effort to produce an Intelligent Tutoring Agent (ITA) Prototype suitable for integration with a with a Math Educational Game produced by AT&LT. For this effort the Math Education Game consisted of an educational game (digital) using a Pre-Algebra curriculum.  The scope of the work conducted under this contract also included evaluations intended to assess the performance impact and benefits of using the ITA Prototype and the Math Educational Game by students in the 6th, 7th, and/or 8th grades. The results of the evaluations were intended to stand on their own, or the results may be used by the government to assist validation of results from other related Research, Development, Test, & Evaluation (RDT&E) efforts. Hereafter, the ITA Prototype will be referred to as the Prototype, and the Math Educational Game - Episode 1 (Pre-Algebra) will be referred to as the Game.
While research goals included attempting to incorporate core tutoring constructs from DARPA’s Education Dominance program in the design of the Prototype, the only information that AT&LT was able to obtain on this program were two final reports and a partial draft of a summary from a 3rd paper summarizing results of studies using a proprietary digital tutor to instruct Navy enlisted personnel on computer and network system administration skills. AT&LT spent time reviewing these papers and engaged in several discussions about the Educational Dominance program with the Government stakeholders.  AT&LT, however, discovered that there was very limited to no useful transfer of results or relevance to the math instruction domain for middle school age children. Furthermore, the developers of the digital tutor for the Educational Dominance program were not approachable for information regarding the design or constructs used to develop the digital Tutor. As such, this report does not include any discussion related to the Educational Dominance program and its relevance to AT&LT’s efforts to build a game-based tutoring mechanism.
[bookmark: _Toc219975742]Research Objectives
Given the scope outlined above, AT&LT’s proposed research followed three R&D objectives:
1. Evaluate/assess the Game and its embedded ITA features that impact learning effectiveness and efficacy in its intended domain, specifically as an augmentation tool for Pre-Algebra instruction to learners in Grades 6-9[footnoteRef:1] [1:  The original research objectives stated that the population of interest for the evaluations was 6th-9th grade students, however, the only group that was available to participate in the studies conducted under this research effort were Middle School 6th - 8th grade students.] 

2. Develop a generalized technical framework in the form of a modular software prototype and interface that supports the integration of alternative and/or evolving ITA features and capabilities for the Game
3. Develop and assess measures designed to determine the validity, scalability, exportability and affordability of the Prototype and the Game for use in DoDEA
[bookmark: _Toc219975743]Document Overview
The Final Technical Report is organized into two major sections:  ITA Software Library (ISL) and ITA/Math Game Evaluations. The Appendixes provide information directly related to the ITA/Math Game Evaluation.
[bookmark: _Toc219975744]ITA Software Library (ISL)
The ITA created under this effort is modular and generalized software implementation that may used to incorporate intelligent instructional behavior into all types of educational games. The subject matter focus of this effort happens to be math education for 6th to 9th grade students but a goal of the design we to create an extensible and generic software model and implementation of an intelligent tutor that can instruct students in different subject matter domains (e.g., math, counseling) using different game platforms (e.g., Windows desktop computers, Mac OS X laptops). The ITA Application Programmer’s Interface (API) provides the integration mechanism for software developers and instructional designers to incorporate different types of domain knowledge and instructional strategies into the software components of the ITA. It also provides the programming mechanism to pass data between the ITA and other integrated software components of an educational game. The ITA and ITA API are packaged together with the requisite software documentation as a library called the ITA Software Library (ISL). 
[bookmark: _Toc219975745]ITA/Math Game Evaluations
The ITA/Math Game Evaluations section of this report lays out the technical approach for the conduct of the formative evaluations used to make quality and value assessments of the ITA features and capabilities developed as a part of this effort.  The applicable instructional domain for the evaluations was Pre-Algebra for 6th-8th grade students.  The formative evaluations were used as a means to identify improvements in the game and tutoring components, and to assess learning outcomes made possible through the use of a game-based delivery mechanism.  
[bookmark: _Toc219975746]Intelligent Tutoring Agent Software Library (ISL)
[bookmark: _Toc219975747]ISL and ITA Architecture Overview 
The ISL is the software library that contains the ITA and its API.  Under this contract, the ITA was developed as a stand-alone software module intended for integration with different domain-specific educational gaming applications using the API.  The ISL may be used with game applications running on Windows and Mac OS X platforms. The initial game engine integration of the ISL was done with the Unity game engine and Mono runtime environment[footnoteRef:2]. The ITA and API implementation were developed using the Mono C# compiler and the run-time binary of the ITA and API is a single DLL. During development of the ISL, project constraints required a specific focus on the use of the Mono software platform. Although the ITA and API is expected to work with either Mono or the Microsoft .NET 3.5+ Framework, no testing has been done with the ITA under the .NET platform. [2:  Mono is a software platform designed to allow developers to easily create cross platform applications. Mono is an open source implementation of Microsoft's .NET Framework based on the ECMA standards for C# and the Common Language Runtime.
] 

The modularization of the ITA functionality, however, and the use of the Mono platform allow existing, new, and/or emerging tutoring technologies to be adapted for use with the existing ISL or alternative educational games and platforms using the ISL.  The ITA design approach and software structure has virtually no dependencies on outside software other than what is defined by the .NET stack.  This makes the ITA readily adaptable to support future and open development of new and/or enhanced tutoring algorithms and data thereby supporting different instructional strategies and game designs.
[bookmark: _Toc219975748]ISL Computer Software Configuration Items
The ISL was developed, delivered, and may be managed as a single Computer Software Configuration Item (CSCI). The ITA and API source code/byte-code, in-line documentation, and binary (Dynamic Link Library (DLL)) are contained in the ISL. The ISL also contains a complete Programmer’s Reference Guide for the API, sample programs demonstrating the use of the ITA and API, and an ISL Quick Start Guide to provide ISL users with instructions on how to set up their system to use the ISL.
[bookmark: _Toc196226193][bookmark: _Toc219975749]The ISL Development Life Cycle
At the start of the ISL development effort under this contract, all of the ITA functionality was embedded into the AT&LT Math Game and maintained within the Unity game engine asset and resource hierarchy.  There was no separate and/or external software library.  With all but a few exceptions, the original ITA software was written in a way to minimize dependencies on the Unity game engine which made it feasible to be modularized and physically moved into a separate library.  The original code hierarchy was created in such a way that it facilitated being moved directly into another Version Control System (VCS), which greatly aided Configuration Management (CM) during ISL development. A process was defined to refactor and design new elements of the ISL. A preliminary process in preparation for ISL development was defined and included the following steps:
1. Refactor the monitoring and assessment data processing and move into the existing ITA hierarchy
2. Strip game engine specific code
3. Introduce additional abstraction layers needed to remove ITA
4. Move to a VCS location outside of existing game project path
After moving the code out of the primary game repository/build system, the necessary infrastructure required to build the ITA library was created which included the creation of solution files to allow the ITA to build as a standalone Dynamic Link Library (DLL).  Lastly, the necessary linkages to the math game were created. 
[bookmark: _Toc219975750]ITA Features & Capabilities
For the purpose of this section it is useful to present a context for how the ITA features and capabilities manifest themselves within an educational game.  The best use case is the AT&LT Math Game and the ITA used for the evaluations conducted under this research effort.
When starting the Math Game, the student selects an avatar to represent them in the game world. In the game, the student avatar is always referred to as Pi.  The student manipulates this avatar by moving the avatar in and around the game world and interacting with Non-Player Characters (NPCs) to solve real-word problems that involve the use of math. The student, acting through their avatar, may access the math content to support learning via a virtual math tablet (like an iPad®).  The ISL, however, does not assume any particular student interface device/methodology.  Those are left up to the game designer/developer.  
Access to the math content may be student-initiated (user selected) through a menu or it may be a forced intervention via the real-time student monitoring by the ITA. The primary math learning mechanism for the student playing the game is via the use of the virtual math tablet. The interactive problem solving that takes place during the dialog between Pi and the game’s NPCs is the primary math assessment mechanism. 
The following section describes the current tutoring approach and instructional sequencing as used in the Math Game.  Although the ITA does not require this particular instructional sequence it does present a common cycle of learning, assessment and intervention. Figure 1 provides a depiction of a general instructional sequence that can be created using the ITA and API cycle. Others are possible. 
[bookmark: _Toc219975751]ITA Instructional Sequencing
1. Introduction to Challenge – The main character, Pi, is introduced to a new NPC and given background information on a particular dilemma or problem that NPC may be having. 
2. Assessment – Before Pi can proceed to assist the NPC with his/her dilemma Pi must demonstrate that he/she has the prior knowledge needed by answering assessment questions on selected skills. 
3. Intervention – If Pi shows a need for improvement while answering assessment questions the tutor intervenes to recommend instruction while alerting the student to specific skills that need attention. 
4. Remediation – The virtual math tablet contains: 
a. Text lessons with relevant examples, graphics, and glossary links to assist students who may prefer a verbal/linguistic approach to learning; 
b. Videos with relevant examples, audio, graphics, and animations to assist students who may prefer a visual/spatial approach to learning; 
c. Guided practice problems with examples, instant feedback in the form of hints and reminders, and graphics to assist students who may prefer a bodily/kinesthetic approach to learning. This also provides students with a modeled, guided session in which pre-selected responses guide the student to correctly breakdown and solve math problems. 
5. Re-assessment – Pi is able to retry math assessment questions to demonstrate the student now has the knowledge needed to help the character with the final dilemma. 
6. Student Performance – The student is able to review performance on the skills presented in the challenge. At this time, the student is able to move onward with an 80% or higher. 
[bookmark: _Toc219975793][image: ]Figure 1. ITA Instructional Sequencing – Example

[bookmark: _Toc219975752]Structure of Knowledge
The doesn't rely on a specific data storage formats.  The ITA only requires the developer to have a data format for non-volatile storage and retrieval that meets the subject matter application needs. The ITA does not require direct access, knowledge, or understanding of learning content that is presented to the student.  It does require knowledge regarding how the data is associated and linked together. The ITA provides function calls that load the data and their associations into an internal structure of knowledge.  Figure 2 depicts the ITA data model used to store a curriculum and provides a structure to represent both student and expert knowledge.
[image: :::::Design:Class_Data.png]
[bookmark: _Toc219975794]Figure 2. ITA Data Model - Structure of Knowledge
The following is a notional view of the data in a structured text format is suitable for loading into the above data model.  
problemGroup id="1" skills="1"
 	problem id="1" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0"
 	problem id="2" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0"
 	problem id="3" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0"
 	problem id="4" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0"  
problemGroup id="2" skills="2,3"
	problem id="5" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0" 
	problem id="6" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0" 
	problem id="7" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0" 
	problem id="8" timesAttempted="0" timeCorrect="0" lastAttempt="0" 
			thresholdTime="0" 
skills
	skill id="1" isComplete="false" 
		asset id="1" type="A" timesAccess="0" lastAccessed="0" 
		asset id="2" type="B" timesAccess="0" lastAccessed="0" 	skill id="2" isComplete="false" 
		asset id="3" type="B" timesAccess="0" lastAccessed="0" 
		assetid="4" type="C" timesAccess="0" lastAccessed="0" 
	skill id="3" isComplete="false" 
		asset id="5" type="A" timesAccess="0" lastAccessed="0" 
		asset id="6" type="C" timesAccess="0" lastAccessed="0"  groupLinkage 
	problemGroup id="1"  
		asset id="1" 	
		asset id="2"
 	problemGroup id="2" 
		asset id="3" 	
		asset id="4" 
		asset id="5" 
		asset id="6"
problemLinkage 
	problem id="1" 
		asset id="1" 
	problem id="5" 	
		asset id="3" 
		asset id="6" 

A problem group corresponds to an assessment. An assessment tests a student’s knowledge of one or more skills.   There are a number of problems in each assessment.  Depending on the requirements of the game, an assessment may use only one or perhaps all of the problems listed.  A problem group can also represent a challenge.  A challenge can be thought of as an advanced problem group.  
Skills are associated with assets.  Assets are used to tutor the student when the student doesn’t understand the material to successfully complete an assessment.  The Math Game has assets that are practice problems, reading material, or videos.  
A group linkage allows finer control of assets presented. Specific assets can be targeted for presentation to the student when they are available.  The same can be said for the problem linkages.
Problem linkages allow a specific asset to be presented, when a particular problem is missed.  For the Math Game, when a problem is missed a specific practice problem can be presented that allows the student to examine how to solve a problem that is similar in nature.  
As problem and/or challenge data is loaded; the skill identifier and group identifier are included. Skills are loaded individually. Assets are loaded via an association with a skill. Problems can be associated with a set of assets. A problem group can be associated with a set of assets as well. There are no constraints on what assets or problems can be.  Assets only need a type and identifier for the ITA to associate the asset with a skill, problem, and/or problem group.
The developer uses the API to load data into the ITAEngineManager via the exposed interfaces. These interfaces add data to the appropriate data manager.  Each data manager holds the data either in a list, dictionary, or hash kept internally.  The records can reference other types of data (e.g., skills) via the identifier. The AssessmentBuilder traverses these data structures to retrieve the appropriate problem for a given problem group. AssetRecommendationEngine does the same to generate a list of assets related to the skills or problems that the student needs help with. The basic premise of the ITA design and implementation was to hide the complexity of managing data from the game developer to the extent possible.
Domain Model
The internal data model is the foundation to represent and abstract what the student actually knows as well as what the student is expected to know.  In the context of the Math Game, the student math knowledge is currently represented internally as a structure that represents the overall Pre-Algebra curriculum, the units (e.g., Equations), the topics (e.g., Factors and Multiples) associated with the units, and skills (e.g., Comparing Integers) which are typically common across the full procedural breadth of the Pre-Algebra domain. The initial capability of the domain model includes data specifications of the Pre-Algebra curriculum implemented as Extended Markup Language (XML) files. The domain model is loaded during game startup and is rendered visually for the student in the tablet interface showing up as the student lesson index, video/narrative lists, and practice problem lists. 
The initial capabilities representation of actual student knowledge is updatable, persistent, and maintained as the student progresses through the game.  The actual student knowledge model exists in three data representations internal to the game:
1. At the lowest granular level, in the problem performance data structure that contains for each problem, the number of times it was answered correctly and the number of times it was answered incorrectly.
2. At a higher granular level, the student's actual knowledge is reflected in the comprehension metric that is presented on screen as a score and in the scores on the performance summary screens (game and tablet status) 
3. Internally (and externally) in an instrumentation and logging schema that captures student activities, challenge attempts, results, and frequency information
Higher-order Thinking Assessment 
The capture of average student performance in the comprehension metric described in the previous section occurs over a set of similar problems referred to in the ITA as problem groups. The ITA algorithm to derive the comprehension metric will query all problem groups that demonstrated a specific skill and query/aggregate performance data for specific problem groups to derive an overall score of the student comprehension for specific skills. 
Prior to the Phase 3 formative evaluations (i.e., student math camps) discussed in Section 3 of this report, stakeholders from DoDEA met with our team to review the ongoing game and ITA development. They expressed their interests in and the value of a concept-based learning approach and out of that meeting, the AT&LT team decided to move forward with categorizing the current Math Game curriculum to measure student performance and knowledge as a function of higher-order thinking skills. The categorization we chose to follow was based on Bloom’s Taxonomy.[footnoteRef:3] The initial intent for using the categorization was to support a particular evaluation study and as such was not implemented in the game. Rather the categorization was implemented in a document that exists outside of the game, in an electronic spreadsheet format. Each problem group is set up, so that each question within the group is interchangeable at the same level. Key words associated with each level of the taxonomy were encoded (research-based) so that a mapping exists between each challenge problem (an assessment item) asked of the student in the Math Game and an associated level in Bloom’s Taxonomy.   [3:  Units are classified and then validated by multiple SMEs to evaluate the appropriateness of the classification. Adjudication is done via the use of an educational psychologist with expert knowledge in the relevance and application of Bloom’s.] 

This challenge-knowledge mapping was intended to allow pre- and post-test designs to discriminate if students were able to answer more questions at a higher-order thinking level after having been exposed to the game and tutor. Although the mappings were created and used to assist in the design of the pre- and post-tests, there was not enough time surrounding the actual evaluation event and there were too many confounds to conduct a proper analysis that would support higher-level thinking assessments. Appendix 8 of this report shows the categorizations and mapping that were relevant to the evaluations discussed conducted under this contract. The problem test bank used by the Math Game was categorized according to the following Bloom’s levels:
1. Knowledge (Recall) - Forming questions, which ask for facts to be recalled, is a type of thinking often classified as knowledge. At this level of thought the student shows in some basic way knowledge of some basics. "Questions often start with words such as who, what, when, or where. The student may be asked to match, list, recall, underline, pick, say, or show. At the knowledge level, it is easy to decide whether an answer is correct or incorrect."
2. Comprehension (Explain) - The comprehension level of thinking shows the student understands what he/she has heard or read. Questions at this level ask the student to restate something, rewrite, give an example, illustrate, define, summarize, or otherwise prove that the knowledge or basic facts have become internalized. Main idea questions, as well as vocabulary questions, which ask a student to define or use the word, are at the comprehension level.
3. Application (Use) - The application level of thinking asks that knowledge be used in some way. The question may ask the student to organize facts, construct some model, draw or paint an example, collect data from reading or data, and/or demonstrate or dramatize an event.
4. Analysis (Take Apart) - The analysis level asks the student to examine the facts, to classify, survey, experiment, categorize, or explore. For example, a list of problems faced by characters in a reading is analysis. Analysis questions can include take apart, analyze, categorize, compare, contrast, subdivide, classify, or outline.
5. Synthesis (Make it New) - The synthesis level of thinking asks the student to play around with new information and form new images. The knowledge the student receives is combined with what the student already has to make a new connection. Some process words for synthesis are imagine, combine, role-play, compose, invent, predict, create, design, adapt, develop.
6. Evaluation (Judge It) - The evaluation level of thinking asks a student to judge according to some standard. A question can ask the student to identify an important criterion to complete a task, or ask for the student to rate something based upon a predetermined criterion.
Appendix 8 provides the coding of assessment items to illustrate the relationship between problems/problem groups and Bloom's Taxonomy. The coding method was developed and expanded by John Maynard. 
[bookmark: _Toc219975753]Active Tutoring Algorithms 
This section discusses the key tutoring algorithms used to actively monitor and modify a student’s instructional environment. As was previously done, we describe the ITA features and algorithms as used in the context of the Math Game.  The following features and algorithms were a part of the initial extraction of the ITA from the Math Game. From the perspective of tutoring features, the key algorithms can be summarized as follows:
[bookmark: _Toc219975808]Table 1. ITA Capabilities Features
	ITA Feature
	Description

	Generativity
	Feedback is given during practices problems (hint) while using the tablet and after assessment (score)

	Student Modeling
	Domain models for expert and actual student knowledge; challenge categorization for high-order thinking assessments

	Expert Modeling
	Skill thresholds for student performance on assessment problems.

	Interactive Learning
	Math challenges and game play for student engagement; appropriately contextualized and domain-relevant (e.g., the student, through his/her avatar is required to solve math problems to construct a town festival as part of the game story) 

	Instructional Modeling
	Required and relevant skill content (e.g., in the context of the math educational game, this is the curriculum math topics



The algorithms are organized into two primary functional areas: 1) monitoring, and 2) instructional intervention, and are summarized below.  Details on the algorithm are presented in the subsections below.
1. Monitoring Phase
a. Aggregate student performance for all individual skills within the current assessment instance for a problem group or challenge in the game.
b. Compute best possible score per skill
c. If any best possible score falls below the specified minimum acceptable score then trigger intervention
2. Instructional Intervention Phase
a. Collect skills indices that fall below the acceptable minimum threshold for current assessment instance
b. [bookmark: h.db10d9j4ya6o]Present student with a dashboard that contains instructional assets specifically targeted toward the deficient skills.  As these assets are used, information about times accessed are stored.  
Generativity – Instructional Feedback
In the Math Game each practice problem is broken down into individual steps.  The ITA monitors the student’s response for each step in the problem solving sequence. If any step is answered incorrectly a hint is revealed.   Some items have multiple hints associated with a particular sub-step.  For example if a question requires a student to input a fraction there will be two individual textboxes, one for the numerator and one for the denominator.   The system may give a separate hint if the numerator is correct but the denominator is incorrect, than if the opposite occurs.
The hints themselves are static in nature, but are revealed in a manner that is sensitive to whichever specific input was incorrect.  However the feedback does not vary based on what was entered, only where in the sequence of steps the incorrect response was entered.  The tutor also provide positive feedback upon successfully completion of problems.
Generativity – Assessment Feedback 
An assessment is comprised of questions that may cover multiple skills.  A separate score is calculated for the completion of that specific skill as well as the entire assessment. This allows the system to differentiate the feedback for the player at the end of the assessment that will show the individual scores for each skill attempted during any challenge.
Accumulator   overallAccumulator;
Accumulator[] accumulators; 
foreach(Question q in Assessment) {
	if(q->isCorrect() {
		accumulators[q->skillIndex].incrementCorrect();
		overallAccumulator.incrementCorrect();
	} else {
		accumulators[q->skillIndex].incrementIncorrect();
		overallAccumulator.incrementIncorrect();
}
}
println(‘Overall Score: ‘ + overallAccumulator.getPercentage() );
foreach(Accumulator a in accumulators) {
println( a.getSkillName() + ‘Score: ‘+ a.getPercentage() );
}
Teacher/Instructional Modeling - Differentiated instruction
While the assessment is ongoing each skill group is monitored to force an interruption once the student is no longer capable of achieving a passing score on the assessment. These triggers are going to be fired at different times for different students based on their personal performance.  The trigger exposes the specific skill the student was having trouble with, and allows for the instruction to be tailored to that skill.  This is true for both assessment problems and challenge problems. 
foreach(Question q in Assessment) {
	if(q->isCorrect() {
		accumulators[q->skillIndex].incrementCorrect();
		overallAccumulator.incrementCorrect();
	} else {
		accumulators[q->skillIndex].incrementIncorrect();
		overallAccumulator.incrementIncorrect();
if(accumulators[q->skillIndex].getTheoreticalBestScore() >=   
lowestAcceptableScore) {
				triggerInterruption(q->skillIndex);
}
}
}
Generativity and Interactive Learning – Content Presentation 
The ITA monitors and presents the specific skill content needed to the student (list of assets needed for the skill). While the content list is static, it is possible to adjust feedback to the student based on the monitoring results. When an interruption is processed, assets are selected that correspond to the skill that triggered the interruption.  The student is informed specifically and declaratively which skill they are having trouble, then they are presented with a list of assets that are specifically selected because they address that specific skill and/or student deficiency.
Expert/Instructional Modeling – Remediation and instructional strategies 
The ITA maintains a set of thresholds that have been defined for every skill and the performance is monitored for those skills during assessments.   When the thresholds are crossed the ITA initiates a response that redirects the players into a remediation process where they are shown some instructional assets that instruct the deficient skill. The instructional assets have been designed by Subject Matter Experts (SMEs) utilizing instructional best practices and methods that are appropriate to the skills and concepts being presented.  The acceptable performance threshold defines what it would mean to an expert model.   Students are only allowed to progress while they stay within the bounds of this model. Once the performance crosses outside of this model a corrective action is initiated.  
[bookmark: h.8dja2a1iqs98][bookmark: _Toc219975754]ITA Enhancements – Phase 3 Evaluation Support
This section documents the six ITA software changes made to enhance the ITA capabilities. These modifications were incorporated as a result of the lessons learned from the Phase 1 and Phase 2 formative evaluations discussed in Section 3 of this report, and also from collaborative discussions with Government sponsors and project stakeholders.
The first three enhancements specifically focused on component interfaces among the tutor/teacher modeling, instructional modeling, and student modeling. These three enhancements improved the in-game ITA features by: 1) impacting the style of information presentation (e.g., shapes, color, orientation) to help the student maintain awareness on the correctness of their answers/responses, 2) allowing the student to discern the type/mode of information available to them, and 3) provide the student with a running history on their use of specific sources/types of information. 
The remaining two software changes are also related to student modeling, tutor/teacher modeling, and instructional modeling by specifically capturing the student experience during instruction.  The two algorithms were developed to provide the ITA with an understanding of student preferences and/or aversions for the use of specific types of learning content. The algorithm organizes the preferential assets or unused assets into sorted lists.  The component interfaces for the game are then used to display the lists to motivate or incite the student to try proven and/or alternative content delivery mechanisms to improve learning outcomes. In some cases, the ITA may decide to suggest the student try looking at relevant and alternative content types if they don’t seem to be having success with the current set of content materials they have used.  In other cases, the appropriate instructional techniques may be to encourage the student to learn using specific types of content materials that have proven to be successful for them in the past. The following five subsections provide additional detail on the software changes just discussed.
Real-time Feedback during assessment
The ITA will trigger an in-game visual indicator to the student to indicate success or failure for the current assessment and/or challenge problem.  In the context of the Math Game when a player answers a math challenge question a brief visual indicator is displayed on the screen. If the answer was correct a check is displayed or if incorrect an X is displayed. The indicator remains on the screen for some default time and is then followed immediately by the next problem in the math challenge up until and including for the last problem in the challenge. 
Visually identify asset types
The ITA triggers an in-game visual indicator to the student to alert them to certain types of learning content that is available for their use.  In the context of the Math Game when a student opens the tablet and observes what types/modes of content are available for their use the are provide visual clue for useful learning assets. Each asset type is given a distinct icon that denotes if the asset is a video, text, or practice problem. 
Visually mark used assets
The ITA triggers in-game visual indicators to raise student awareness about what assets that have been previously used as well as revealing those assets that have not been previously accessed. 
Student Timers
The ITA initiates a series of timers that are used to monitor specific activities and levels of student interaction with the game.  The current set of ITA timers are placed on assessments. When the ITA heuristics looks through the problems, it checks for times that are below threshold times established for certain types of problems and sets a flag to trigger an in-game response. Currently, the Math Game is not responding to the ITA timer.  Future implementation may for example be used to drive responses to a student who is failing questions and also answering questions quicker than expected for the types of problems they are failing (aka. key-mashing behavior).
Sort Asset List by Unused Assets
Optimize the UserDataCollection such that it can return the times an asset was accessed.  The overall effect will be that the asset list will have *new* assets toward the top of the and previously viewed assets toward the bottom of the list.
foreach(Asset a in AssetCollection) {
   int timesAccessed = UserData.getTimesAssetAccessed(a);
   a=>PrimarySortKey = timeAccessed
}
Assets := SELECT FROM AssetCollection ORDER BY a=>PrimarySortKey DESC;

Sort Asset List by User Preference
Create an index on the UserDataCollection such that asset access order can be seen for individual lessons. The overall effect will be that the asset list will have the assets types (i.e. video, text, practice) that the player accesses first (historically most often) will be moved toward the top of the asset list.   This sorting only starts taking affect after the student has failed an assessment or challenge and has selected assets from the tablet.  On subsequent failures, the assets will be sorted. 
StrengthValue videoStrength;
StrengthValue textStrength;
StrengthValue practiceStrength;
//Iterates over all past lessons
foreach(LessonAccessSequenceRecord r  in UserDataCollection) {
   //Create an distinct ordered set of assets, based on access order 
   Set<AssetType> s =  r.computeOrderedSetOfAssetTypes();
   //Increment the strength by the access order position
      videoStrength += s.getPosition(video);
      textStrength += s.getPosition(text);
      practiceStrength += s.getPosition(practice);
}
PlayerAssetPreference = Sort([ videoStrength,  textStrength,  practiceStrength ]);
[bookmark: _Toc210979293][bookmark: _Toc219975755]The ITA Architecture
[bookmark: _Toc219975756]The ITA Concept Model
The ITA is based on the idea that students are learning concepts and skills that allow them to solve problems. The teaching of a specific skill or set of skills involves multiple types of content that is grouped into a Learning Unit (LU).  The Learning Unit describes the skill(s), Instructional Assets (IA), and Problem Groups (PG).  
Skills are learned via Instructional Assets (IA).  Three primary types being used are text, video, and practice problems.   Text assets are materials that use words and images to provide instruction.  Video assets are multimedia presentations that the student can watch and listen to gain an understanding of the skill to be learned.  Practice problems are problems that allow a student to practice the skill being learned. Practice problems typically provide feedback regarding how the student is or isn’t learning the skill.  Additional IA types may be added. 
Mastery of a skill is demonstrated via problem solving.  A Problem Group is a group of problems that test one or more skills.  Each problem attempt creates a result that can be logged for later analysis.   
[bookmark: _Toc219975757]The ITA Architecture
The ITA is the central controller for learning activity.  The ITA registers data regarding Learning Units and Learning Contexts.   A Learning Context is requested from the ITA prior to the start of a Learning Activity.   A Learning Activity is an event or group of events like watching a movie, reading a lesson, working a problem group, or any combination of the previous events combined.   The Learning Context is active for the duration of the Learning Activity.  During the Learning Activity the students will participate in an event or events that are tied to a particular Instructional Asset.  These events will be logged with the Learning Context and will contain the Instructional Asset identifier, what occurred (i.e. watched a moved), the result if there was one (i.e. correct), and the duration if desired.
Once the Learning Activity is over the Learning Context can be stopped.  The ITA will take the results logged by the Learning Context and pass that data to the Analysis Engine. The engine can process the data and incorporate it into its existing data.  At some point, the ITA may be asked for tutoring suggestions.  The ITA can query the Analysis Engine for recommendations.  One or more Instructional Assets may be returned that can be presented to the student for review. 
[bookmark: h.9xurppe5hinc][bookmark: _Toc219975758]The ITA Object Model
Figure 3 is a high level representation of the object model.  It represents how the ITAEngineManager is at the core.  It doesn’t show the other classes that are also behind the scenes connecting the pieces together. 
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[bookmark: _Toc210979335][bookmark: _Toc219975795]Figure 3. ITA High Level Class Diagram
ITA Analysis Engine
The ITA Analysis Engine is based on a simple algorithm.  It works by looking at the number of incorrect problems that are logged. Anytime a problem is missed, the skill that it’s attached to will be used to recommend any associated Instructional Assets.  
[bookmark: h.2t88xg82d2df]ITAEngineManager
The ITAEngineManager is the primary interface for the developer.  It manages the data and provides hooks to create assessments and get assets recommendations for tutoring.
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[bookmark: _Toc219975796]Figure 4. ITAEngineManager Class Interface
[bookmark: h.zidfqgc4i3k2]AssessmentBuilder
The AssessmentBuilder takes the problem data that has been loaded and creates an assessment this is where the students knowledge is evaluated to determine what is know. 
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[bookmark: _Toc210979338][bookmark: _Toc219975797]Figure 5. AssessmentBuilder Interface
[bookmark: h.uzfzrr5irefa]Assessment
The Assessment interface  allows access to the generated problem sequence for an assessment.  As the student progress through the assessment the problems are marked started when the problem is displayed to the student and marked completed when they have finished.  After completion of the assessment the developer closes the assessment.  
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[bookmark: _Toc210979339][bookmark: _Toc219975798]Figure 6. Assessment Interface
[bookmark: h.7a9opgax2zp9]AssetRecommendationEngine
The AssetRecommendationEngine provides access to assets that are needed for the skills that were not completed successfully during an assessment.  The primary interface is the GetRecommendationsFor a skill or a GetRecommendationsForProblem.  As the developer presents assets recommencations, the use of an asset for tutoring can be marked by method MarkAssetCompleted. 
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[bookmark: _Toc210979340][bookmark: _Toc219975799]Figure 7. AssetRecommendationEngine Related Classes
[bookmark: h.c6zj3ztrfxfz]AssetRecommendation
The AssetRecommendationEngine discussed above provides an AssetRecommendation list.  The AssetRecommenation provides the ID of the Assets and usage information.  This can be used to sort the lists depending on how the needs of the developer.  However, the list returned has already been sorted based on type and least used.  
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[bookmark: _Toc219975800]Figure 8. AssetRecommendation Interface
Asset
[bookmark: h.iwsqfp2yd6ky]An Asset is used for tutoring a student after failing an assessment.  The Asset has a unique identifier.  The assets are related to a student via a skill id. An Asset has a type that is defined by the user of the library.   Assets are presented to a student based on how often they’ve been used and how often a particular type has been chosen versus other types. 
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[bookmark: _Toc219975801]Figure 9. AssetRecord Class
[bookmark: h.mluxhhf3olej]SkillRecord
The SkillRecord class holds identification information about a skill and whether or not it is complete.  
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[bookmark: _Toc210979341][bookmark: _Toc219975802]Figure 10. Skill Related Classes
[bookmark: h.9pke3x2tglpm][bookmark: h.yuohphtmk0od]ProblemRec
[bookmark: h.rv0wyrsewct4]The ProblemRec class contains information about a problem.  The skillId links the problem to Assets that can be used to tutor a student. State information about usage provides information to the Assessment Builder that is used to determine when a problem may be shown.  The AssetRecommendation engine uses the data as well to determine what assets are shown. 
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[bookmark: _Toc210979342][bookmark: _Toc219975803]Figure 11. ProblemRec Class
[bookmark: _Toc210979296][bookmark: _Toc219975759]ITA Application Programmer’s Interface (API) 
The following four sections describe the process of working with the ITA Engine by providing state diagrams.  The states in the diagram typically describe an API call.  The actual API call is provided in the description of each state below the diagram.  The ITA API documentation that is generated via doxygen will include all of the parameter information needed by the developer to use the library functions.  
[bookmark: _Toc210979297][bookmark: _Toc219975760]ITA Initialization
The ITA Initialization process describes how the ITA Engine is instantiated and the data is loaded.  The process of loading the data from files or other means is left to the user of the ITAEngine.  
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[bookmark: _Toc210979343][bookmark: _Toc219975804]Figure 12. ITA Initialization
The “Create Instance of ITA” is the where the developer instantiates an instance of the ITAEngineManager class.  The specific call used is the “new DefaultITAEngineManager” This class implements the interface specifications of the “ITAEngineManager”class.   No parameters are passed. 
The next four states describe the process of loading data into the ITAEngineManager .  They could occur in any order. 
Add Skills load skill information into the  ITAEngineManager.    The specific method is ITAEngineManager.AddSkill.”
Add Tutor Assets Associated with Skills is the interface that allows learning/tutoring assets to be  associated with a skill via this call.  This makes it possible for the tutoring engine to present the list of items the student needs to use to learn why they failed.  The specific method call is “ITAEngineManager.AssociateAssetWithSkill.”
Add Assessment Problems loads the problems that are used to assess a student’s knowledge about a specific skill. When the problems that are used assess the student knowledge are loaded historical information about performance can be included as well.   This helps to fine to the recommendations provided later.  The specific call that is used is “ITAEngineManager.AssociateAssessmentProblemWithSkill.”
Link Specific Tutor Assests with Problems: Items that can be used to remediate knowledge for a specific problem are connected to a problem via this call. 
[bookmark: _Toc210979298][bookmark: _Toc219975761]Assessment Creation
Part of the responsibilities of the ITAEngine is to manage the problems provided to the student.  An assessment is a group of problems and a challenge that is presented to the student.  To generate an Assessment a factory pattern is used. The “AssessmentBuilder” is the factory. 
What triggers an assessment creation is independent of the game.  For the Math Game, assessment creation occurs when the student walks up to a character that has an Orb indicating that a new problem/challenge is to occur and clicks the character.  These are controlled via our plot/story control measures and the flow of our math knowledge.  How this is triggered is dependent on the specific game/story devices that are the game designer/developer decides upon.
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[bookmark: _Toc210979344][bookmark: _Toc219975805]Figure 13. Assessment Creation
The first step of the process is to  Get from ITA and Assessment Builder.   The “ITAEngineManager.CreateAssessmentBuilder” method is used to an “AssessmentBuilder” object.
The Specify Problem Makeup states is describes the number of problems and group  of problems to be used.  The specific method invoked is “AssessmentBuilder.AddProblems.” 
A challenge is the final question that is used to test a student’s knowledge.  The Set Challenge process specifies the assessment challenge.  The method used is “AssessmentBilder.SetChallenge.”
The final step in the process is to Build an Assessment.  This creates  “Assessment” object that is used to get problem data.  The method call is “AssessmentBuilder.Build.”
[bookmark: _Toc210979299][bookmark: _Toc219975762]Assessment
As stated previously, the Assessment is how the student’s knowledge is tested.  The Assessment process is more complex than the others.  The developer will structure the game to present problems and receive input from the student while interacting with the ITA Engine.
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[bookmark: _Toc210979345][bookmark: _Toc219975806]Figure 14. Assessment
Get Skill List is an opportunity to obtain a list of skills being used in the Assessment.  It can be obtained from “Assessment.GetSkill.”
The step Get Problem Sequence returns the list of problems that are being used for assessment in the order that they are to be presented.  The method for this is “Assessment.GetProblemSequence.”
Get Challenge Problem allows the developer to get the challenge problem used for final testing.  The call is “Assessment.GetChallengeProblem.”
After the developer has obtained the needed information to perform the assessment it’s necessary to present the problems to the user.  The state Game: Present Problem is where the developer would do this. 
The Mark Problem Started allows the user to indicate to the library that the problem has been started. This is used for measuring timing data.  The function call is “Assessment.MarStarted.”
The developer would allow for input from the student during Game: Take Input. 
After the student has provided input, it is up to the game designer/developer to decide how to score the input.  If it is a multiple-choice question, obviously only the proper selection(s) would score as correct. Deciding if an answer is correct or incorrect is independent of the ITA Engine.  It is dependent upon the problems and the associated input capabilities.  
Mark Problem Completed, Correctness, Request Callback for Remediation/Terminate Assessment is where data regarding problem completion is  stored with the ITA Engine.  
The problem is marked completed, whether or not it is correct, a callback is registered and the assessment is potentially terminated.  The callback stores if the student has failed.   The method register this information is “Assessment.MarkCompleted.”
After completion of the assessment it should be close during the Close Assessment process.  It’s a single call that allows for statistics to be returned.  The method for this is “Assessment.Close.”
[bookmark: _Toc210979300][bookmark: _Toc219975763]Recommendation Process
Once an assessment has been completed,  there are two possible outcomes for the student.  The student has passed or failed.  If the student has passed,  there’s no need for further teaching about a specific skill.  However, when the student has failed it’s necessary to provide feedback and assets that can be used to  teach the student.  The Recommendation Process is where this occurs.  The ITA Engine knows what the student has not mastered based on the Assessment. Using this information, the RecommendationEngine analyzes the data and recommends specific items. 
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[bookmark: _Toc210979346][bookmark: _Toc219975807]Figure 15. Generating Recommendations
The developer has detected failure based on the information provide from the Assessment process in Student Failed Assessment and Callback return.    This is triggers the process of tutoring.  
The developer will go through the process of Request ITA Asset Recommendation Engine.  A request is made for access to the  AssetRecommendationEngine via “ITAEngineManager.CreateAssetRecommendationEngine.”
The developer Get List of Tutor Assets.  Request a list of tutor assets from the Recommendation Engine in order of relevance via “AssetRecommendationEngine.GetRecommendationsFor.”
The developer provides the assets via the Game:  Present Asset List or Exit.  The game presents a list of assets.  (Depending on game setup the user may have the option of exiting first or after reviewing some of the material.)
The developer will need to present the actual assets during Game: Present Asset to Student:  The game presents assets to the student for review. 
After the student has reviewed the material the a Mark Asset Completed.  This indicates that the assets has been previously viewed and that it may not be as relevant later.  The call is AssetRecommendation.MarkCompleted.”
Student may exist from tutoring whenever the game allows. 
[bookmark: _Toc219975764]ISL Lessons Learned
The ISL developed under this contract has resulted in a valuable baseline for a game-based ITA implementation.  The process followed to extract the embedded tutoring capabilities from the AT&LT Math Game proved successful in the creation of a modular and generalized tutoring agent. In consideration of the generality and abstractness of the ITA API, it proved to be imperative to use automated and rigorous test tools and procedures for unit-level, functional, and integrated testing of the ISL. The resulting use of the ISL in the context of the sample Morse Code trainer helped provide an initial validation of the ITA data model used to structure knowledge, skills, and assessment/challenge problems across different subject matter domains.  Developing the ISL using open standards, open source technology was a key contributor to the success in developing an ISL that is compatible with multiple operating systems and computer platforms. It is our belief that the ISL will also prove to be compatible with multiple game engines.  
One of the most important barriers that we have learned in using the Math Game and ITA technologies to support school/classroom settings is the limitations of school computers – most have marginally adequate or inadequate hardware and operating system configurations to support the use of 3D game-based learning applications. This is especially true for game/simulation applications or heavy web clients required to perform expensive CPU and graphics processing on the native hardware.  The ISL and ITA implementation does a good job at managing memory requirements.  As the size and sophistication of the ITA and game grows the limitations of running on school hardware may be too great. The ITA performance and optimizations were carefully controlled during ISL development and this will continue to be the case as the AT&LT team evolves ITA capabilities; in spite of Moore’s Law.
We have learned the importance of having an ITA implementation sufficiently parameterized to control the pacing and progression of students through the assessment and learning curriculum.  We have learned that the ITA also needs to be tunable to control the success/failure thresholds that ensure progression based not just on student needs but also their intent for using the game (e.g., learning, remediation, or testing). Through rigorous use of the Math Game and ITA as an augmentation to support classroom-instruction, we have been able to validate the ITA data collection and measurement techniques we implemented and the utility of the granular data we save and make available for reporting student interactions, performance, and use of the technology.
Our experience gained while working on this project is also a result of observing specific reactions by students using the Math Game with the embedded ITA.  For example, it is not a good idea to develop and configure an ITA that provides too many opportunities for a student to “opt out” of an intervention, the use of learning content, or even from completing a tutorial.  This is more salient in the cases where a student is more interested in playing the game (or gaming the system) than they are in learning through use of the game.
The current ITA algorithms are not sophisticated in terms of their intelligence or ability to adapt to student needs. However, the algorithms and approaches used in the ITA have proven to be capable of providing basic student monitoring, feedback, and intervention. During ITA development and evaluation, we have learned the importance of immediate student feedback using clear and meaningful interface controls to reduce student frustrations during their learning and assessment process.  We have observed that the interest and engagement levels of young students to learn using our math game is due as much by their excitement, interest, and familiarity in playing games, as it is from the use of any clever or sophisticated tutoring engine; this includes the interest and motivation created by good story, dialog, character fidelity, and the relevance of the game world to students’ reality (kids like skateboards – kids want to see skateboards).
[bookmark: _Toc219975765]Future Directions
Our team has identified an array of future R&D pursuits to enhance the ISL and make it more useful and adaptive for a broader set of subject matter domains.  One of the first enhancements is to extend the current set of ITA timers that have been implemented to support engagement modeling. The objective is to develop a set of heuristics that detect deficiencies in student attention, boredom, or any other kind of student disengagement from learning. Using the proper inferences, the ITA could be modified to trigger a system of rewards (e.g., game play, modified learning trajectories) and/or alerts help the student re-engage with the game and tutor.
Another opportunity for research is the development of an ITA model to create intrinsic representations of curriculum paths and track student preferences as it relates to specific learning content or game play interests.  It might be possible to actually use directed graphs to control/constrain student progression through the curriculum and game play. Each node in the graph could represent specific topics within a concept or unit. It also may be possible to identify clusters of nodes that correspond to curriculum concept (units) that are most beneficial to the students learning experience then constrain the student to follow paths through those clusters and/or nodes. 
It is important to keep game frame rates up to ensure a quality learning and gaming experience for the student.  However, as the ITA and educational game applications become more sophisticated or complex, it may become necessary to consider running ITA functions outside the game’s processing/memory space.  This need creates an R&D opportunity to develop out-of-game analysis models for dynamic tutoring control to include out-of-game tutoring agents operating on local caches of student performance data and/or cloud-hosted ITA server processes to operate on remote caches and persistent databases of student performance.
Another potential area of research is effective pre-test capabilities and methods that would assess students existing knowledge or skills and allow students to potentially “test out” of certain topic areas, set differing levels of difficulty of challenge and/or practice problems, or some other differentiated learning capability that could be used to control both the sequencing and content delivery of learning materials.  A related research area would be to develop a scaffolded learning capability to provide objective-based content delivery and challenge problems driven by Bloom’s categories.
Other research objectives in development of a an ISL Bug Database creation capability based subject matter domains; the goal is to create techniques for efficient data mining and fusion of student data bases to develop models for representing the most common student problems and failures.  The objective would be to allow the ITA to infer causes of student failure and/or proactively guide students before failure.
Lastly, ITA capabilities for automatic test generation are needed; a more difficult challenge is to generate a domain independent framework for automatic generation of assessment and challenge problems.  The need is to move the current ITA characteristics of loading static problems to a capability to provide a self-generated assessment and challenge problems.  A goal would be to create an ITA that would provide assessments based on student competencies – proficient students are provided more challenging problems. A related and harder capability would be to generate and analyze “incorrect problems” and track students’ ability to resolve incorrect problems.
Any advances in the research areas just described would provide significant improvements to the ISL by making the ITA more adaptive and effective for independent or assisted learning. The ISL baseline developed under this contract provides and extensible software framework to support this research.

[bookmark: _Toc219975766]
ITA/Math Game Evaluations
[bookmark: _Toc219975767]Introduction
In an age of technology and commercially available video simulation games, today’s students are used to gaming and learning environments that are fast-moving, self-determining, demanding, graphically oriented, and technology-driven. These experiences lead to students’ expectations of learning as being fun, motivating, and active. At the same time the student population is getting harder to teach and motivate with traditional approaches, our teacher population is aging.  These teachers are steeped in valuable content knowledge but need new pedagogical strategies to meet the needs of today's learners. Advanced Training and Learning Technologies (AT&LT) created the game, Pi and The Lost Function, as a tool for students to learn Pre-Algebra content in a virtual world with support of an Intelligent Tutoring Agent (ITA). This report is a description of the formative evaluation of the game with teachers and students from a large city public school division.
[bookmark: _Toc219975768]Purpose
Beginning in February, 2012, AT&LT recruited local middle school mathematics teachers (from several different public school divisions and independent schools) to provide feedback in order to improve the ITA, use of the game, and to evaluate whether the game was meeting goals of instruction and potential learning outcomes.  After using data from the initial evaluation to make improvements, in April and May, 2012, AT&LT called back some of the same participants from the first phase of the formative evaluation, and added 16 teachers from a middle school that the local public school division identified as a future venue for student evaluation. This particular middle school has used STEM programs in the past for student learning and academic interventions. During the second phase of formative evaluation, teachers continued to provide feedback related to usability of the game, and additional emphasis was focused on teachers’ feedback relating to instructional processes and learning outcomes. After using data to make additional improvements, it was appropriate to garner student feedback. During July and August, 2012, AT&LT co-hosted 2 middle school math camps in order to evaluate teachers’ perceptions of usability of the game as an instructional tool, and students’ likability and mathematics performance in a formal study. Formative evaluation has been ongoing throughout the life cycle of the software with the intent to improve component technologies, quality of user interaction, and the potential of the program to achieve learning.  
[bookmark: _Toc219975769]Methodology and Research Questions
The formative evaluations focused on three areas: improvement of component technologies, quality of user interaction, and potential of the program to achieve learning. Each phase of the evaluation progressively shifted from analysis of the software to potential for learning to student outcomes. During Phase One of the formative evaluation, via survey, participants provided data related to controlling the player within the game, interacting with characters, heads up display (HUD), and the learning assets within the tablet (videos, text, and practice problems). Based on feedback from Phase One, modifications were made to the game. During Phase Two, via survey, participants provided data related to quality of user interaction and perceptions of the tutoring and learning components of the game.  The Phase Two evaluation shifted in focus toward the ITA and the degree to which participants viewed it as fostering learning and the ability to increase student performance. Phase Three of the evaluation also included teacher feedback, but the focus shifted to student learning outcomes and engagement. The research questions for Phase Three were centered around the degree to which the game and ITA improves Pre-Algebra performance and teachers’ and students’ perceptions of the game in terms of likeability, accessibility, and desire to use as a tutoring agent. 
[bookmark: _Toc219975770]Phase One Methodology
From February to March, 2012, eighteen participants were recruited (through convenience sampling) to play the game for one hour and provide feedback in the form of a survey and roundtable discussion (See Appendix 1). Participants included professional educators from the Tidewater Region of Southeastern Virginia (both from public and independent schools; N = 4) and from Tazewell County Public Schools (N= 6). Participants received monetary compensation in exchange for evaluation participation. In addition, educational administrators and researchers from the Department of Defense Education Activity (DoDEA) and the Virginia Department of Education (VDOE) participated in the initial evaluation (N=8). Of the participants, 8 currently teach mathematics with roughly 17 years (mean) teaching experience, and representing grade levels elementary through university. 
Procedure. AT&LT software engineers and instructional team introduced the game, provided instructions for interaction, and had participants fill out release forms. Participants were allotted 60 minutes to go through the game tutorial and play through challenges. Participants were asked to interact with the game’s virtual learning tablet (ITA), which included watching videos, reading text, and practice problems. After interacting with the game, participants had 30 minutes to fill out a survey (Appendix 1) that included both closed and open-ended items assessing quality of user interaction and perceptions of the tutoring and learning components of the game. After completing the survey, a roundtable discussion was facilitated by AT&LT evaluators where feedback was recorded. 
Materials. Extra paper and pencils and calculators were provided to participants to work through math problems and take notes during evaluation.  Tester computers equipped with headphones, mice, power strips, and wireless access were used to operate the game.  Surveys were printed on paper and participants used pencils to record responses. 
[bookmark: _Toc219975771]Phase Two Methodology
From April to May, 2012, AT&LT conducted Phase Two of the formative evaluation. Based on feedback from Phase One, changes were made to the software with emphasis on quality and ease of user interaction and some adjustments were made to the ITA to enhance the opportunity for increasing student learning. Thirty-three participants from a local city school division evaluated the game. The participants were recruited through convenience sampling and were identified by two high school principals who expressed interest in hosting Phase 3 of the formative evaluation. All participants were middle school professional educators, a majority teach math. Participants received monetary compensation in exchange for evaluation participation. Per requirements of the local school division, AT&LT submitted a formal request for teacher participation that followed a review process by a Research Review Committee. 
Procedure. AT&LT software engineers and instructional team introduced the game, provided instructions for interaction, and had participants fill out release forms. Participants were allotted 60 minutes to go through the game tutorial and play through challenges. Participants were asked to interact with the game’s virtual learning tablet (ITA), which included watching videos, reading text, and practice problems. After interacting with the game, participants had 30 minutes to fill out a survey (Appendix 2) that included both closed and open-ended items assessing quality of user interaction and perceptions of the tutoring and learning components of the game. After completing the survey, a roundtable discussion was facilitated by AT&LT evaluators where feedback was recorded. 
Materials. Extra paper and pencils and calculators were provided to participants to work through math problems and take notes during evaluation.  Tester computers equipped with headphones, mice, power strips, and wireless access were used to operate the game.  Surveys were printed on paper and participants used pencils to record responses. 
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From July to August, 2012, AT&LT conducted Phase 3 of the formative evaluation. In collaboration with the local school division, AT&LT created and conducted two mathematics camps at two middle schools in the city. At Math Camp #1, thirty-four middle school students were recruited (through convenience sampling) and at Math Camp # 2, seventy-nine middle school students were recruited (through convenience sampling) to participate. Each camp had 8 teachers, a computer resource specialist, and a camp administrator. All camp personnel were professional educators, mostly teaching math. Camp personnel received monetary compensation in exchange for working at the camp and evaluation participation. Per requirements of the local school division, AT&LT submitted a formal request for teacher and student participation that followed a review process by a Research Review Committee. In addition, AT&LT funded the schools to support the appropriate technology requirements to run the game. 
Procedure. Both camps had 4 classroom labs and students were randomly assigned to one of two groups (Math Camp # 1 had Group A & Group B; Math Camp # 2 had Group C & Group D). On the first day of camp, students took a cumulative pre-test on math content that covered 9 subtopics within the category of Whole Numbers (Appendix 3). After the cumulative pretest, students were instructed (based on group assignment) a short mini lesson on a particular subtopic in Whole Numbers and then administered a mini pretest on the specific subtopic.  After the mini pretest, students had at least 30 minutes to interact with the game in that particular subtopic area (Appendix 4). Both groups received instruction and game play on 3 of the subtopics, and then one group (“group A” or “group C”) had additional instruction and game play on 2 additional subtopics (that group B and group D did not receive instruction or game play on), while the other groups (“group B” and “group D”) received instruction and game play on 4 additional units (that groups A and C did not receive instruction and game play on).  After students completed assigned content, a cumulative post-test was administered (Appendix 5). In addition, teachers were administered a teacher survey that assessed use of the game as an instructional aid and potential for student learning (Appendix 6); and students were administered a student survey that assessed likeability and likelihood of using the game for learning (Appendix 7). 
Materials. Extra paper and pencils, calculators, and wipe boards were provided to students to work through math problems. Lime Survey (a web based survey program) was used to record teacher and student survey responses. Tester computers equipped with headphones, mice, power strips, and wireless access were used to operate the game.  
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AT&LT incorporated a variety of measures in order to obtain results throughout the life cycle of the evaluation. Some data was analyzed quantitatively and some data was analyzed through qualitative analysis. Since most of the data collected from Phases One and Two of the evaluation were in the form of survey feedback, descriptive statistics were run on closed ended items. Where consistent trends in closed ended items were revealed, the data drove changes and improvements in the software and instructional design of the game. Open ended items and data generated from round table discussions was coded using a qualitative approach, and trends in feedback lead to improving the game interface and instructional design. For Phase Three, descriptive statistics and quantitative analysis was used to evaluate student performance outcomes and as appropriate to summarize survey feedback. 
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During Phase One, eighteen educational professionals participated in the evaluation. Six professionals from TCPS (4 who currently teach math), 4 teachers from the Tidewater Region (2 who currently teach math), 2 researchers from DoDEA, 4 administrators from VDOE (2 who currently teach math), and 4 government stakeholders participated in the study (N= 18). The participants had an average of 17 years of teaching experience with all school levels represented from elementary to university. Table 1 illustrates the descriptive statistics of the survey responses related to the software.
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	Survey Items
	Percentage of Respondents Answering ‘Yes’

	Understand the task explained by the video cuts
	100%

	Understand how to use the tablet
	78%

	Challenged by moving the character
	78%

	Challenged by changing the character point of view
	72%

	Easily found the appropriate character to interact with
	61%

	Found the HUD helpful
	94%

	Used the HUD to assist navigation
	76%



Qualitative feedback about the software was coded by responses related to the videos, controlling the player, interacting with the characters, and the HUD. Respondents reported that adding text to the cut scenes in the videos would aid players in reading directions and that the videos should guide players to attend to the next task. They consistently reported challenges controlling the player including lack of fluid movement, overturns, buttons moving too quickly, and difficulty making slight character turns. In addition, participants had problems using the map, including the icon was not always visible, the map is too small, and they would like the capability to zoom. Finding characters was also challenging and frustrating to initiate interaction. The HUD could be larger and would also benefit from zooming capability. Table 2 illustrates the survey feedback as related to the tutoring and learning components.
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	Survey Items
	Percentage of Respondents Answering ‘Yes’

	Lesson text is understandable
	93%

	Able to learn from the lesson without prior knowledge of material
	86%

	Videos provide enough information for student to learn without reading text
	93%

	Videos (in combo with lesson text) provide enough information to understand what is asked to learn
	92%

	Students will be able to learn from the practice problems
	87%

	Warm up questions are easy to understand
	100%

	Warm up questions are appropriate
	88%

	Challenge questions represent real world problems
	76%



For items coded on a 4-point Likert scale (Strongly Disagree, Disagree, Agree, Strongly Agree) the following answered Agree or Strongly Agree:
· 92% agree the game will lead to retention of information learned
· 100% agree the game implements learning strategies/theories
· 75% agree students will be engaged in authentic learning/challenging learning
· 90% agree that based on the ages of students they work with, the game is developmentally appropriate
· 92% agree that students will understand the language used in the game script
· 100% agree the game will lead students to acquire factual knowledge
· 89% agree the game will lead to students to acquire procedural knowledge
Qualitative feedback related to tutoring and learning components was coded by responses related to the videos, practice problems, warm up questions, and challenge questions. Teachers reported liking the different options in the tablet (allowing for multiple learning styles). They felt that there were too many practice items to complete and would like immediate feedback. They would also like to see a description of the errors made. Consistently participants did not want to re-do an entire section when they missed a problem and again looked for instant feedback. Overall, they felt the questions were challenging and ‘kid’ friendly and they liked the background story and plot of the game. They felt the tablet was helpful. Teachers did not like the text appearing word by word (wanted more fluidity) and felt the game lacked rewards. While they felt the game covered Pre-Algebra, they emphasized the need for teacher instruction before game play and assessment.
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During Phase Two, thirty educational professionals participated in the evaluation. The participants were teachers from the large school division that hosted the Phase Three math camps. Eighty three percent of respondents currently teach math and 97% of respondents are currently teaching middle school. Sixty-seven percent have taught more than eight years, 17% had taught between 6 and 8 years, 10% had 3 to 5 years of teaching experience, and 6% had taught between 0 and 2 years. In addition, 23% reported not having experience playing video games, 30% rarely play, 40% play video games sometimes, and 7% reported playing often . Table 3 summarizes the descriptive statistics of the survey responses from Phase Two of the evaluation. 
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	Survey Items
	Percentage of Respondents Answering ‘Yes’

	Do you feel the background story is effective
	73%

	Did the tutorial for how to control the player effectively explain how to move the character in the game?
	87%

	Challenged by moving the character
	43%

	Were you able to find the characters that you were supposed to interact with?
	87%

	Did the map help you?
	90%

	Did you realize the next location was the yellow dot?
	83%



Qualitative feedback related to the software was coded by responses related to controlling the player and interacting with the characters.  Respondents reported having challenges using the “A”, “W,” and “D” keys to move the character. They also thought the speed of movement was too slow. In regard to character interaction, teachers reported that it took too much time to get from one character to the next, and that the yellow dot was confusing. They were not sure how to initiate character interaction.  Table 4 illustrates the survey feedback as related to the tutoring and learning components for Phase Two.
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	Survey Items
	Percentage of Respondents Answering ‘Yes’

	Lesson text is understandable
	93%

	Able to learn from the lesson without prior knowledge of material
	77%

	Videos provide enough information for student to learn without reading text
	93%

	Enough information in video for students to learn
	90%

	Students will be able to learn from the practice problems
	93%

	Assessment questions are easy to understand
	90%

	Assessment questions are appropriate
	90%

	Challenge questions represent real world problems
	93%



For items coded on a 4-point Likert scale (Strongly Disagree, Disagree, Agree, Strongly Agree) the following answered Agree or Strongly Agree: 
· 97% agree the game will lead to retention of information learned
· 97% agree the challenge questions accurately represent student knowledge acquisition
· 90% agree students will be engaged in authentic learning/challenging learning
· 83% agree that based on the ages of students they work with, the game is developmentally appropriate
· 90% agree that students will understand the language used in the game script
· 90% agree the game will lead students to acquire factual knowledge
· 90% agree the game will lead to students to acquire procedural knowledge
In addition 73% would use the game as a tool for mathematics instruction and support. Qualitative feedback related to tutoring and learning components was coded by responses related to the videos, lesson text, practice problems, and challenge questions. Teachers reported finding the lesson text too wordy and only effective if the students are self -motivated to read. The teachers liked the videos and suggested that the game force the learner into the video if he/she misses a certain number of problems. Teachers reported liking the different levels of difficulty within the practice problems. For the assessment and challenge questions, teachers thought 10 -15 per challenge were too many and suggested lessening the number. Teachers suggested providing the correct answer instead of just a red X when the student answers a problem incorrectly. Teachers consistently thought the challenge questions should be more difficult. 
Overall, teachers reported the game to be engaging and similar to games that students play for entertainment. They saw the potential of the game to hold students’ interest and the real life applicability of the story line. In addition, they reported liking the diversity of questions and the potential for students to work at their own pace. To improve the game, teachers suggested adding voice over to the text, the ability to jump around the content (versus following the content in the order of the game), and to add more motivational incentives (like the chicken chase). Most of the teachers said they would use the game for remediation. 
Based on feedback from Phase Two, several of the interventions made to the software improved the teachers’ experience of playing the game. For example, during Phase One, 78% of respondents had challenges moving the character and in Phase Two, only 43% reported challenges moving the character. The changes made to the game tutorial and map helped teachers to navigate in the virtual world more easily. 
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Thirty-four students enrolled in Math Camp #1, and 79 students enrolled in Math Camp #2.  Table 5 shows the samples for Math Camp # 1 and Math Camp # 2 by group.
[bookmark: _Toc219975813]Table 6.  Math Camps Sample
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Participant attrition occurred because participants dropped out or did not take pre-tests or post-test. The independent variable for this study was group membership, coded as either group A or group B (Math Camp #1) or group C or group D (Math Camp #2). The dependent variables in this study were the 9 subtopics scores on the post-test and the cumulative post-test score. Pre-test and post-test scores were converted to percentage correct. 
Descriptive Statistics
Math Camp #1: Means were calculated for the cumulative pre-test (group A: M = 47.08, group B: M =  46.76) and cumulative post-test (group A: M = 57.61, group B: M = 60.65). An independent samples t test was computed on the cumulative pre-test to evaluate whether the two groups differed in terms of mean score.  The test was insignificant t (36) = .07, p = .94, which meant there were no mean differences in cumulative pre-test performance between group A and B, thus the random assignment of participants to groups was successful. 
Math Camp #2: Means were calculated for the cumulative pre-test (group C: M = 48.98, group D: M =  49.09) and cumulative post-test (group C: M = 62.07, group D: M = 62.64). An independent samples t test was computed on the cumulative pre-test to evaluate whether the two groups differed in terms of mean score.  The test was insignificant t (77) = .-.03, p = .97, which meant there were no mean differences in cumulative pre-test performance between group C and D, thus the random assignment of participants to groups was successful. 
Research Question One: Is there a significant difference between pre-test scores and post-test scores based on participation in the math camps?
A paired samples t test was used to compare mean scores between the cumulative pre-test and cumulative post-test. For Math Camp #1, the test was significant t (33) = -4.25, p = .00, d = -.73; indicating students’ cumulative post-test scores were significantly higher than the cumulative pre-test.  Cumulative pre-test M = 47.18 and cumulative post-test M = 59.04, indicating that participating in the math camp had an effect of improving students’ post-test math performance. For Math Camp #2, the test was significant t (66) = -6.36, p = .00, d = -.78; indicating students’ cumulative post-test scores were significantly higher than the cumulative pretest.  Cumulative pre-test M = 49.04 and cumulative post-test M = 62.35, indicating that participating in the math camp had an effect of improving students’ post -test math performance. 
Research Question Two: Is there a significant difference between mini pre-test sub topic scores and post-test subtopic scores based on the content students received instruction and game play?
A one-way multivariate analysis of variance (MANOVA) was conducted to determine the effect of exposure to the content (through instruction and game play) on the 9 post-test subtopic scores. For Math Camp # 1, significant differences were not found at p =.01, (set due to the number of dependent variables). Significant differences were found among the groups on the dependent measures Wilks’s Λ = .524, F(9, 24) = 2.42, p < .05. The multivariate η2 was quite strong, .48. For Math Camp #2, significant differences were not found at p =.01, and significant differences were not found among the groups on the dependent measures.
In Math Camp #1, the subtopics that group A was exposed to (through instruction and game play) means on post-test subtopic scores were higher than mean subtopic scores for group B. For the subtopics that group B was exposed to means on post-test subtopic scores were higher than mean subtopic scores for group A, with only a slight difference in the subtopic of Greatest Common Factor. When examining the content both groups were exposed to, for Writing Expressions, the groups performed similarly. For Evaluating Expressions, group B scored notably higher than group A and for Simplifying Expressions, group A scored notably higher on the post-test. 
In Math Camp #2, at face value, the subtopics that group C was exposed to (through instruction and game play) means on post-test subtopic scores were higher than mean subtopic scores for group D. For the subtopics that group D was exposed to means on post-test subtopic scores were higher than mean subtopic scores for group C. When examining the content both groups were exposed to, the groups performed similarly; group C consistently scored higher, on average, than group D. 
Table 6 contains the means and standard deviations on the dependent variables for the two groups for Math Camp #1; and, Table 7 contains the means and standard deviations on the dependent variables for the two groups for Math Camp #2.
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	Post-test subtopic score
	experimental groups
	Mean
	Std. Deviation
	N

	Identifying
Properties
	group A
	75.93
	22.30
	18

	
	group B
	66.67
	21.08
	16

	
	Total
	       71.57
	21.92
	34

	Order of 
Operations
	group A
	74.08
	24.40
	18

	
	group B
	62.50
	29.50
	16

	
	Total
	68.63
	27.14
	34

	Divisibility
Rules
	group A
	66.67
	22.87
	18

	
	group B
	77.08
	26.44
	16

	
	Total
	71.57
	24.80
	34

	Listing
Factors
	group A
	64.81
	33.28
	18

	
	group B
	79.17
	26.87
	16

	
	Total
	71.57
	30.85
	34

	Greatest
Common
Factor
	group A
	35.19
	38.73
	18

	
	group B
	37.50
	26.87
	16

	
	Total
	36.27
	33.20
	34

	Least Common
Multiple
	group A
	18.52
	20.52
	18

	
	group B
	39.58
	27.81
	16

	
	Total
	28.43
	26.12
	34

	Writing
Expressions
	group A
	51.85
	36.55
	18

	
	group B
	50.00
	32.20
	16

	
	Total
	50.98
	34.07
	34

	Evaluating
Expressions
	group A
	59.26
	40.51
	18

	
	group B
	72.92
	30.35
	16

	
	Total
	65.69
	36.22
	34

	Simplifying
Expressions
	group A
	72.22
	28.58
	18

	
	group B
	60.42
	32.70
	16

	
	Total
	66.67
	30.70
	34


Red denotes group A only exposed to the subtopic
Green denotes group B only exposed to the subtopic
Blue denotes both groups exposed to the subtopic



[bookmark: _Toc219975815]Table 8. Descriptive Statistics for Post-test Subtopic Scores
	Post-test subtopic score
	experimental groups
	Mean
	Std. Deviation
	N

	Identifying
Properties
	group C
	58.59
	39.13
	33

	
	group D
	55.88
	31.48
	34

	
	Total
	       57.21
	35.20
	67

	Order of 
Operations
	group C
	            65.66
	25.66
	33

	
	group D
	61.67
	27.38
	34

	
	Total
	63.68
	26.42
	67

	Divisibility
Rules
	group C
	72.72
	24.23
	33

	
	group D
	77.45
	26.87
	34

	
	Total
	75.12
	25.52
	67

	Listing
Factors
	group C
	68.69
	31.11
	33

	
	group D
	78.43
	25.80
	34

	
	Total
	73.63
	28.74
	67

	Greatest
Common
Factor
	group C
	45.45
	32.08
	33

	
	group D
	48.04
	35.00
	34

	
	Total
	46.77
	33.36
	67

	Least Common
Multiple
	group C
	27.27
	25.62
	33

	
	group D
	36.27
	27.68
	34

	
	Total
	31.84
	26.86
	67

	Writing
Expressions
	group C
	74.75
	30.08
	33

	
	group D
	67.65
	32.29
	34

	
	Total
	71.14
	31.19
	67

	Evaluating
Expressions
	group C
	79.80
	23.48
	33

	
	group D
	73.53
	31.55
	34

	
	Total
	76.62
	27.84
	67

	Simplifying
Expressions
	group C
	65.66
	28.24
	33

	
	group D
	64.71
	30.64
	34

	
	Total
	65.17
	29.26
	67


Red denotes group C only exposed to the subtopic; Green denotes group D only exposed to the subtopic; Blue denotes both groups exposed to the subtopic
Table 9 summarizes the feedback from teacher surveys from both math camps. Table 9 summarizes the feedback from student surveys from both math camps.
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	Select Survey Items
	Math Camp # 1 Mean
	Math Camp # 2 Mean

	Usefulness of the game in teaching pre-algebra
	4.50
	4.38

	Usefulness of the game as a learning tool
	4.38
	4.50

	Use of the game for interaction, participation, and discussion
	4.50
	5.00

	Applicability and usefulness for your teaching assignment
	4.83
	4.88

	Likelihood of using this game with your students
	5.00
	4.88

	Comfort level with using the game to support teaching
	4.63
	4.86

	Overall evaluation of math camp effectiveness
	4.88
	4.80


Based on 5-point Likert Scale: 1 Low to 5 High
Math Camp #1: N=8; Math Camp #2: N=8
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	Survey Items
	Math Camp # 1
% answered Yes
	Math Camp # 2
% answered Yes

	Do you like math?
	78%
	51%

	Do you like to play games on the computer?
	94%
	91%

	Do you prefer computer-based learning for math/pre-algebra?
	72%
	60%

	Do you enjoy playing the game, Pi and The Lost Function?
	97%
	82%

	Do you feel that it helped you understand math/pre-algebra?
	94%
	83%

	Do you think playing the game helped you to remember what you learned about pre-algebra from the teachers running the math camp?
	97%
	89%

	Would you play the game at home to help you with math/pre-algebra?
	91%
	63%


Survey items had either ‘Yes’ or ‘No’ response choices
Math Camp #1: N=32; Math Camp #2: N=65


[bookmark: _Toc219975777]DoDEA Activity
DoDEA activity during this research included the participation in the Phase 1 formative evaluations previously discussed in Section 3.3 of this report.  The result of their participation in the Phase One evaluation and out brief meeting included further incentive for the Bloom’s Taxonomy mapping as discussed in Section 2.2.2.2. Additionally, AT&LT collaboration with project stakeholders included providing DoDEA personnel with IRB Support by passing copies of Research Request Applications used to acquire permissions to conduct the formative evaluations in a local public school system. A Beta version of the Math Game was made available to DoDEA along with a license capable of supporting the number of students enrolled in a summer enrichment program at Ramstein AFB.  The game was successfully deployed with no problems and used in an informal setting with 6th-8th graders over a two-week period.  The students were exposed to roughly five to six hours of total game time. The student’s use of the game was proctored without the use of math teachers or any math instruction.  AT&LT provided the complete set of student performance data to DoDEA and ADL personnel for their analysis and review. The feedback that DoDEA provided to project stakeholders was that the game was successfully installed and deployed with very little effort; a welcome change compared to many other technology insertion events.  There was no additional feedback from DoDEA or ADL regarding data analysis or student perceptive data on use of the game at Ramstein AFB. Attempts to coordinate further use of the Math Game by DoDEA are ongoing.  
[bookmark: _Toc219975778]Summary of Findings
In summary, the formative evaluation has lead to several preliminary findings about improving the software for ease of use, learning content, and ability to enhance student performance. Phases One and Two revealed the need to make the character easier to move and navigate in the field. Instructionally, we learned that feedback should be given for each assessment question and that the game should force the student into the tablet for tutoring interventions. Teachers reported that they saw the game as a tool to enhance retention, factual and procedural knowledge. They also supported using the game as a teaching tool. Phase Three provided insight into ways the game can be used as an instructional tool (predominantly for remediation and review) and ways to enhance student engagement. Phase Three demonstrated that the math camps lead to increased performance in Whole Numbers. These findings indicate continued evaluation of the game with schools, using teacher generated tests and state tests as outcome variables.
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AT&LT’s current working and future goal is to evaluate the game in the public school setting, during the academic calendar year as a support to teacher instruction. Ideally, teacher (or division) generated assessments can be used as both pre- and post-tests. Currently the game is installed in the two middle schools that hosted the math camps. AT&LT staff have provided teacher trainings and a teacher workbook for all three grade-levels in each school. Due to Virginia law, students who failed the previous year’s state test are to receive 10 hours of remediation. AT&LT is supporting the schools in using the game for this remediation. Currently, both middle schools are exposing the students to the game, and other computer based and skills-based interventions as part of this mandated remediation. AT&LT has faced a number of barriers to formally evaluating the game use, including: overly hectic school scheduling and lack of access to pre- and post-test data/assessments. Ongoing meetings with school administrators have been occurring with the goal of moving toward gather school-generated data. In addition, the game is in the process of being acquired at two high schools in the same division. The high schools want to use the game as a remediation plan for students who failed their Pre-Algebra state test the prior year. The high schools want to use the game to catch students up on pre-requisite knowledge needed for their current coursework in Algebra I. Again, AT&LT is in regular communication with these schools, setting up planning for data collection. As of now, it appears that the game will be more heavily used toward the end of the spring semester as all schools prepare for annual state testing. AT&LT hopes to have the approval in early 2013 to collect pre and post-test data in the form of teacher tests, quarterly assessments, and end of year state test scores.
[bookmark: _Toc219975780]Additional Lessons Learned
Over the course of the evaluation, we have continued to make improvements to the software and instructional design in order to use the game as an effective teaching and tutoring tool. We have seen teachers and students engaged and excited about the game and they have provided us with ideas to problem solve along the way. However we have found that there are several components that need to be in place before incorporating the game into their curricular tools. First, clear expectations and clear teacher training on the technology is important. We learned that the game holds a lot of potential as a remediation tool, not a substitute for teacher instruction. When teachers feel comfortable with using the game as a support, they are more enthusiastic to use it. In addition, the more comfortable they are with using/playing the game, the more likely they are to use it with the students. Teachers who taught during the math camps are using the game more frequently than teachers who are just learning about the game. This led AT&LT to develop the teacher training and teacher workbook. Teachers do not need to be highly expert in the use of the game, itself, but they must be well prepared to teach the underlying content that is required by the game. During teacher trainings, we have noticed that non-math teachers are less engaged, and may be less likely to use the game during remediation labs. If we can encourage non-math teachers to explore the game and interact with the tablet, they can also learn from the tutoring agent and then assist students.  We have also learned that teachers are under a lot of pressure to report data based on student performance. In response, AT&LT has developed a Teacher Portal, which is a reporting tool. We are currently in the process of enhancing this tool so that it is useful to teachers and administrators. We are conducting reporting requirements analyses and have plans to improve the Teacher Portal by early 2013. 
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API – Application Programming Interface
AT&LT – Advanced Training & Learning Technologies, LLC
CSCI – Computer Software Configuration Item
ISL – ITA Software Library
ITA – Intelligent Tutoring Agent
PM TRASYS – Program Manager Training Systems 
XML – Extended Markup Language
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[bookmark: _Toc219975785]Appendix 1.	Formative Evaluation Phase One Participant Questionnaire
Teacher Evaluation Testing
Test Level:  Pre-Alpha
Date of Testing:  Mid-February 2012
Software: Lost Function Pre-Algebra
Revision Tag:  TBD
Purpose
Allow a group of testers to review the game and provide useful feedback and identify areas of improvement.
Scope
The test group will play through multiple challenges. During game play, it is expected that the testers will interact with the tablet by reading the lessons, watching the videos, and solving the practice questions.
Survey Questions
1. Are you a math teacher? Yes / No
2. If no, what's the highest level of math that you have taken? (allow input)
3. If you're not a math teacher, continue to next section.
4. Choose all school types where you have taught:
A) Elementary B) Middle C) High School D) Community College E) College/Univ.
5. How many years have you taught? (allow numeric input)
6. What math subjects do you currently teach? (allow input)
7. What math subjects have you taught in the past? (allow input)
Introduction
Video
1. There was a cut-scene video of Pi and the Mayor. Its purpose was to set the story line and describe the problem that the town was having and how Pi is to help. Did this video provide you with enough information to understand your task? Yes / No
2. If no above, what do you think was missing from the video or how might it work better for you? (allow input)
Tablet Tutorial
1. Did you review the Tablet Tutorial? Yes / No
2. If no, skip to next section.
3. Did you understand how to use the tablet? Yes / No
4. What parts of the tablet tutorial did you not understand? (allow input)
General Play
Controlling Player
1. Did you have challenges moving the character? Yes / No
2. If yes to the above, what kind of challenges did you have? (allow input)
3. Did you know that you could make the character run by pressing the Shift Key + Up Arrow? Yes / No
4. Did you know that you could change the Point of View (POV) by pressing and holding the left mouse button and moving the mouse? Yes / No
5. If yes to the above, did you change the POV of the character? Yes / No
6. Did you have any problems navigating using the POV presented? Yes / No
7. If yes, what challenges did you have? (allow input)
Interacting with Characters
1. Were you able to find the characters that you were supposed to interact with easily? Yes / No
2. If no to the above, describe the challenges that you had: (allow input)
3. Did you attempt to click the red crystal before clicking the character? Yes / No
Heads Up Display (HUD)
1. Was the HUD in the upper left hand corner helpful? Yes / No
2. Did you realize that the next challenge location was a yellow dot? Yes / No
3. Were you able to use the HUD to navigate around the game? Yes / No
Tablet
Lesson Text
1. Did you read the lesson text? Yes/No
2. If yes, were there portions of the lesson text that were not clear/understandable? Yes / No
3. Were you able to learn from the lesson if you didn't already know the material or needed a refresher? Yes / No
4. If no to the above, why do you think that you weren't able to learn/re-learn the material? (allow input)
5. Is there anything that you would change about the lesson text in general? Yes / No
6. If yes to the above, please describe. (allow input)
Videos
1. Did you use the Videos to learn skills for the problem sets? Yes / No
2. Did the videos provide enough information in combination with the Lesson Text to allow you to understand what you were asked to learn? Yes / No
3. Was there enough information in the video to allow a student to learn the information without reading the lesson text? Yes / No
4. Was there anything that you would change about the videos? (allow input)
Practice Problems
1. Did you use the practice problems? Yes / No
2. Do you believe that a student would be able to learn from the problems? Yes / No
3. Which of the following helps the student to effectively use the practice problems to learn? A) Text B) Video C) Both Equally
4. Was there anything about the practice problems that you did not like? Yes / No
5. If yes to the above, please describe: (allow input)
General
The tablet is the primary way in which the student learns the information. Please provide as much feedback about the tablet as you can. (allow input)
Character Interaction Problems
Warm Up Questions
1. Were the questions easy to understand? Yes / No
2. Were they appropriate to the material that was covered in the tablet? Yes / No
3. Was there anything that could be improved about the questions? Yes / No
4. If yes, please provide feedback. (allow input)
Challenge Questions
1. Do the challenge questions feel that the challenge questions represented real world problems? Yes / No
2. Is there anything that could be improved? Yes / No
3. If yes, please describe. (allow input)
[bookmark: h.20g7mr8soskd]Overall Feedback
Please indicate the extent to which you agree or disagree with the following:
1. The game will lead to retention of information learned
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
2. Do you feel that the assessment questions in the game accurately represented student knowledge acquisition?
A) Most of the Time B) Some of the Time C) Rarely D) Never
3. The game implements learning strategies/theories
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
4. The game implements learning strategies/theories
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
5. Students will be engaged in authentic/challenging learning
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
6. Based on the ages of students you work with, do you feel the game is developmentally appropriate? 
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
7. Will the students understand the language used in the game script?
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
8. Do you feel that the game integrates the curriculum you are using?
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
9. Do you feel the game will lead to students acquiring factual knowledge?
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
10. Do you feel the game will lead to students acquiring procedural knowledge (or “know how” to use Pre-Algebra techniques)?
A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
11. Please provide as much general feedback about the game as you can. (allow input)



[bookmark: _Toc219975786]Appendix 2.	Formative Evaluation Phase Two Participant Questionnaire
Evaluation
Software Test Level:  Beta
Date of Testing: April 17, 2012
Software: Lost Function Pre-Algebra
Revision Tag:  rev 16,592
Instructions
Thank you for taking the time to complete this survey by AT&LT. Your feedback is important to us so we can improve our product. 
This survey should take about 30 minutes to complete. Your answers will be completely anonymous and you will be compensated for interacting with the game and completing this survey. Survey results will be used to improve component technologies, quality of user interaction, and the potential of the program to achieve learning. 
For each survey item, please choose the appropriate response. Some of the items are ‘open ended,’ please contribute additional comments and feedback in the space provided.  
If you have any questions about the survey, please contact us at: (757) 560-0033
Survey Questions
1. Are you currently a math teacher? 
1. No
2. Yes 
If no go to question 4
2. What math subjects do you currently teach (answer all that apply)? 
a. mathematics grade level 5
b. mathematics grade level 6
c. pre-algebra
d. mathematics grade level 7
e. mathematics grade level 8
f. algebra I honors (middle school)
g. geometry honors (middle school)
h. high school level mathematics
i. other
3. What math subjects have you taught in the past (answer all that apply)?
a. mathematics grade level 5
b. mathematics grade level 6
c. pre-algebra
d. mathematics grade level 7
e. mathematics grade level 8
f. algebra I honors (middle school)
g. geometry honors (middle school)
h. high school level mathematics
i. other
Skip to question 5
4. If you are not currently a math teacher, which of the following best describes your current role:
a. Technology Teacher
b. Language Arts Teacher
c. Science Teacher
d. Physical Education Teacher
e. Social Sciences Teacher
f. School Administrator
g. Other

5. What grade level(s) do you currently teach/work within:
a. Elementary School
b. Middle School
c. High School

6. What's the highest level of math course that you have taken? 
a. high school algebra (I and/or II)
b. advanced high school math (calculus, matrices)
c. college level algebra
d. advanced college level math (calculus, matrices)
7. How many years have you taught?
a. 0 – 2 years
b. 3 – 5 years
c. 6 – 8 years
d. over 8 years
8. Rate your level of experience with playing video games:
a. I don’t have experience playing video games
b. I play video games rarely
c. I play video games sometimes
d. I play video games often
Video
1. There was a cut-scene video of Pi and the Mayor. Its purpose was to set the story line and describe the problem that the town was having and how Pi is to help. Did this video provide you with enough information to understand your task?
1. no
2. yes
2. Do you feel that the background story is effective?
1. No
2. yes
3. If no above, what information would help you to understand the problem/background story and how Pi could help? (allow input)
Tablet Tutorial
1. In the beginning of the game, you watched the tablet tutorial, did the tutorial adequately explain how to use the tablet effectively?    
1. no
2. yes
2. If no, what did you not understand in how to use the tablet? And, do you have suggestions for how to improve the tutorial to aid understanding? (allow input)
Controlling Player
1. In the beginning of the game, you watched a tutorial that described how to navigate/move the character. Did this tutorial effectively explain how to move the character in the game?
1. no
2. yes
2. Did you have challenges moving the character? 
1. No
2. yes
3. If yes to the above, what were your challenges? And, do you have suggestions for how to improve the tutorial to aid understanding? (allow input)
Interacting with Characters
1. Were you able to find the characters that you were supposed to interact with easily? 
1. no
2. yes
2. If no to the above, describe the challenges that you had: (allow input)

3. Did you attempt to click the yellow sphere before clicking the character? 
1. no
2. yes
Map
1. Did the circular map in the upper left hand corner of the screen help you know where to go next? 
1. no
2. yes
2. Did you realize that the next challenge location was a yellow dot?
1. no
2. yes
Tablet
You were asked to fully interact with the tablet for a challenge within the game. The tablet offers options for reading lesson text, watching a video, or working on practice problems. Please answer the following questions based on your time interacting with each of the components. 
Lesson Text
1. Which lesson text(s) did you read (answer all that apply)?
a. Using the divisibility rules
b. Identifying greatest common factor
c. Listing factors
d. Identifying properties of addition & multiplication
e. Evaluating expressions and orders of operations
f. Writing expressions
g. Evaluating expressions
h. Adding integers with like signs
i. Adding integers with unlike signs
j. Identifying integers
k. Identifying opposite integers and absolute value
l. Graphing integers
m. Comparing integers
n. Modeling real life using integers
o. Multiplying and dividing integers
p. Combining integer multiplication & division
q. Subtracting integers
r. Combining integer subtraction & addition
2. Did you find the lesson text to be clear and easy to understand? 
1. no
2. yes
3. If a student didn't already know the material, do you feel he/she would be able to learn from the lesson text? 

3. no
4. yes

4. If no to the above, what would help to learn the material? (allow input)

5. Do you have suggestions for how the lesson text could be improved? (allow input) 

Videos
1. Which video(s) did you watch (answer all that apply)?
a. Using the divisibility rules
b. Identifying greatest common factor
c. Listing factors
d. Identifying properties of addition & multiplication
e. Evaluating expressions and orders of operations
f. Writing expressions
g. Evaluating expressions
h. Adding integers with like signs
i. Adding integers with unlike signs
j. Identifying integers
k. Identifying opposite integers and absolute value
l. Graphing integers
m. Comparing integers
n. Modeling real life using integers
o. Multiplying and dividing integers
p. Combining integer multiplication & division
q. Subtracting integers
r. Combining integer subtraction & addition
2. Did the videos provide enough information (in combination with the Lesson Text) to allow you to understand what you were asked to learn?
1. no
2. yes
3. Was there enough information in the video to allow a student to learn the information without reading the lesson text?
1. no
2. yes
4. Do you feel that the video(s) explain the material in an easy to follow manner for students?
1. No
2. Yes
5. Do you have suggestions for how the videos could be improved? (allow input)

Practice Problems in tablet
1. Which practice problems(s) did you work on (answer all that apply)?
· Using the divisibility rules
· Identifying greatest common factor
· Listing factors
· Identifying properties of addition & multiplication
· Evaluating expressions and orders of operations
· Writing expressions
· Evaluating expressions
· Adding integers with like signs
· Adding integers with unlike signs
· Identifying integers
· Identifying opposite integers and absolute value
· Graphing integers
· Comparing integers
· Modeling real life using integers
· Multiplying and dividing integers
· Combining integer multiplication & division
· Subtracting integers
· Combining integer subtraction & addition

2. Do you believe that a student would be able to learn from the problems? 
1. no
2. yes
3. Do you have suggestions for how the practice problems could be improved? (allow input)

Challenge Area

Assessment Questions
1. Were the assessment questions easy to understand? 
1. no
2. yes
2. Were the assessment questions appropriate to the material that was covered in the tablet?
1. no
2. yes
3. Is there anything you would change about the assessment questions? (allow input)

Challenge Questions 
After showing proficiency in the assessment questions, the character would present Pi with a real world problem.
1. Do you feel that the challenge questions represented real world problems? 
1. no
2. yes
2. Do you feel that the challenges are appropriate for students’ attention level?
1. No
2. Yes


3. Do you think there should be more than one challenge of the same material (repetition)?
1. No
2. yes
4. Do you have suggestions for improving the challenge questions? Do you have suggestions for improving the “real world problems?”(allow input)

Overall Feedback
Please indicate the extent to which you agree or disagree with the following:
1. The game will lead to retention of information learned
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
2. The challenge questions in the game accurately represented student knowledge acquisition:
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree

3. Students will be engaged in authentic/challenging learning
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
4. Based on the ages of students you work with, the game is developmentally appropriate.
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
5. Students will be able to understand the language used in the game dialogue.
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
6. The game integrates the curriculum you are using.
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree E) N/A
7. The game will lead to students acquiring factual knowledge.
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
8. The game will lead to students acquiring procedural knowledge (or “know how” to use Pre-Algebra techniques)?
· A) Strongly Agree B) Agree C) Disagree D) Strongly Disagree
9. If you are currently a math teacher, would you use the game as a tool for mathematics instruction/support?
1. No
2. Yes
In the space provided please respond to the following questions:

What do you like about the game? (allow input)


What about the game could be improved? (allow input)


If you are currently a teacher, how would you use the game to supplement instruction? (allow input) (If you would not use the game – please use this space to explain why).



Please provide as much general feedback about the game as you can. (allow input)
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3. Rewrie using the Commutative Property of Addition.
@+ +8=

@ 13
b) 1+(5+8)

) 4+ (5.8

Understanding

‘3. Rewrite using the Associative Property of Addition.
1+@+3=

2 1+3+2)

b (1+3)+2

&6

Analyzing

5 Whyis this problem an example of the Commutative Property?
304+ =32+4)

a) Numbers were regrouped.
lified.

b) Numbers were

d) Numbers were dist
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Using Divisibility Rules
4-Function Cacuator Only
“ScrotchPaper May Be Provided.

Remembering 1 Anumber is divisible by &

a) Ifthe number s divisibl by both 2and 4.
) Ifthe last digic 50, 2,4, 6,05,

9

) 1fthe sum of th digics i divisible by 9

Remembering 2. Anumbers divisible by 6

b) Ifthe number formed by the last two digts s divisible by 6
©) Ifthe sum of the digis s divisible by 6
d) Ifthe number ends ina 3 or 6.

Aopiving 3. The number 443 is evenly divisible by 4
True  False
Aopiving 4. The number 444,336 s evenly divisble by 3.

Tmie  False
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Evaluating Expressions Using the Order of Operations
4-Function Caeulator Only
“ScrotchPaper May B Provided.

Remembering

1. Whatis the correct order of the Order of Operations?

) Exponents, Parentheses, Multiplication or Division, Addition or Subtraction
b) Multiplication or Division, Exponents, Parentheses, Addition or Subtra

d)Solve the operations in the order they appear.

Understanding

2. Using the Order of Operations, select the second operation.
=(7-3)e1+6

Understanding

3. Using the Order of Operations, select the second operation.
6466=6-5

b)
g .
Q) =
Aoplving 4. Simpljy the expression using the Order of Operations.
63+(7+2)+11+12-6
Aoplving 5. Simpljy the expression using the Order of Operations.

20410+ 5e12-16
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Listing Factors.
“4-Function Calculator Only
“Scrotch Paper Moy Be Provided.

Remembering

1 Afactoris:

) Anumber in which the last igitis 1,3,5, 7, or .

) Anumber that cannot be divided evenly by 2.
d) Anumber that can only be divided by 1 and iself.

Aopiving

2. Listall of the factors from least to greatest.
The factors of 64 are:

@) 124864
b) 1,2,5,4,5,16,32,64

) 1,2.4,6,8 1632, 64

Aopiving

3. Listallof the factors from least to greatest.
‘The factors of 54 are:

) 1,2,3,4,6,27,5¢

9 1,2,3,6,8,18,27,5¢
) 1,2,4,8,18,27,54





image26.png
Identify Greatest Common Factor (GCF)
*d-Function Caeuator Only
“ScrotchPaper May Be Provided.

Remembering 1. The Greatest Common Factor (GCF) is:
a) The greatest product of two or mare numbers.
b) The smallest number that is a multiple of two or more numbers.
d) The number of comman factors in o or more numbers.

Aoplving 2. Whats the Greatest Common Factor (GCF) for ths set of numbers?
54and 60
The GCFis_

Aoplving 3. Whats the Greatest Common Factor (GCF) for ths set of numbers?
27,36,and 45
The GCFis_

Anaiying 4. Solve the word problem.

Jessica is making identical flower arrangements for a party. She has 21 daisies, 35
sunflowers, and 42 tulips. Each arrangement must have the same number of types
of flowers. What i the greatest number of flower arrangements she can make?
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Identify Least Common Multiple (LCM)
*d-Function Coculator Only
“ScrotchPaper May Be Provided.

Remembering

1. The Least Common Multiple (LCM) is

) e st procuctof oo more muers.

) The largest number that divides evenly into two or more numbers.
d) The number of comman factors in o or more numbers.

Aopiving

2. Whats the least common multple for this set of numbers?
12and9

The LeM is

Aopiving

3. What's the least common multple for this set of numbers?
6,9,and15

The LeM is

Analyzing

4 Solve the word problem.
Sandy collects 2 shells ata time, DeShaun collects 4 shells a a time, and Sonja
collects 10 shells ata time. To have the same number of shells, what is the least
‘number of shells each friend must collect?
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Writing Expressions
4-Function Coeuator Only
“ScrotchPaper May Be Provided.

Understanding

1. Choose the correct algebraic expression for the phrase.

‘The product of 10 and a number B

Understanding

2. Choose the correct algebraic expression for the phrase.
‘The difference of twice a number (1) and 6

a) 12-n
b) 6-2n

Appiving

3. Select the expression that describes Mark's age.
Markis 3 years older than twice Jessica's age (1)

a) 3-2
b) 23

Q3 +2

Aopiving

4. Choose the expression that shows how many pairs o shoes Bob bought

Richard bought 3 pairs of shoes. Bob bought P fewer pairs of shoes than
Richard bought.

a) 3+p

Qg P-3
d) 30

Analyzing

5.l of the following verbal expressions are equal to the algebralc expression,
X~ 5, except:

a) 5 less than a number (x)

€ xsubtractanumber (5)
d) the difference of xand 5
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Evaluating Expressions
*45unction Caeulator Orly
“ScratchPaper Moy e provided

Understanding

1. Which procedure could be used to evaluate the expression
5x+ 17 whenx = 3

2) Add5ands,
b) Multiply5 and 17.

d) Divide 17 by 3,

Aopiving 2. Evaluate the expression using the given values.
a-b-c  when 4,andc=8

Aopiving 3. Evaluate the expression using the given values.
GtbeG-b-c whena=16b= 12andc =15

Anayiing 4. Ifyou evaluate the expression $25 ~ m, you can find the amount you have left in

your wallet after you spend m dollars. What is the amount left in your wallet
after you have spent $167
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Simplifying Expressions by Combining Like Terms
d-Functon Coculator Only
“ScrotchPaper May Be Provided.

Understanding

To simplify this expression 3¢ + 9x:

) You would add the coeflicients and multiply the variables.
b) Keep the coeffcients and add the variables.

o Mt thearialsnd s

Aopiving

Simplify che algebraic expression.
3r- 121

ay 4sr

@) 4r

Aopiving

Simplify che algebraic expression.
300+ 5rs + 260 + 5 — 1r

a) 27rs

© 10rist+ 5 + 197
&) 7rs + 41r +

Analyzing

Vou bought 6 aranges and 3 apples at the Farmers' Market on Monday.
On Tuesday, you purchased 2 apples and 1 orange.

e cost of an apple
e cost of an orange

Write a simplified expression for the total cost offruit you purchased.

3 9”3‘

) Bxtay
&) x4 By
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‘Whole Numbers Post Test

+Function Calculator Only

“Scratch Paper Moy Be Provided.

Remembering

1. identify the property shown.
@eDet=@enet

a) Associative Property of Add

) Zero Property of Multiplication
d) Associative Property of Multiplication
) Additive Identity.

0) Commutative Property of Addition

&) Multiplicative Identity.

Understanding

2. Rewrite using the Commutative Property of Multplication.
(62)+ 8=

) 6208

0 8+(6+2)
&) Be (642)

Anaiyaing

3. Why i this problem an example of the Zero Property of Multiplication?
5.0=0

3) The number remained unchanged after the operation was performed.

b) The number was simplified.

d) None o the above

Remembering

& What s the correct order of the Order of Operations?

2 Exponents Parnthess ltplcatonorDivisan Addiion orSubsacton
) Parentheses, Biponents,Mulciplctonor Diviion, Addion or Subtacion

) Multiplication or Division, Exponents, Parentheses, Addition or Subraction
d) Solve the operations n the order they appear.

Understanding

5._Using the Order of Operations, select the second operation.
10-2+(7-3)+1+6

Aopiving

. Simply the expression using the Order of Operations.
20+ 10+ 5+ (16— 14)
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Remembering

7. Anumber is divisble by 4

b) Ifthe number formed by the lat three digits s divisible by 4.
) Ifthe sum of the digis s divisible by 4
d) Ifthe number ends ina 0 or 4.

Aopiving

Appiving

& The number 669 & evenly divisible by 6.

e e

9. The number 11,111,111 5 evenly divisible by 3.

e e

Remembering

10 A factor s

a)

b) Anumber in which the last digitis 1,3,5, 7, or 9.
) Anumber that can only be divided by 1 and iself.
d) A number that cannot be divided evenly by 2.

Aopiving

11 List all o the factors from least to reatest
“The factors of 24 are:

) 1.2,3,4,612,2¢

12,347,
12346820

Aopiving

12, List all o the factors from least to greatest
“The factors of 70 are:

a) ,14,40,70
b) .16,35,70
3

91 5,70

Remembering

13, The Greatest Common Factor (GCF) s

4 Thegrestest prct of o o moremurbers.
) The argetnumber that divides veny it o o more ubers.

©) The smallest number that is a multiple of two or more numbers.
d) The number of common factors in o or more numbers.

Aopiving

4. What s the Greatest Common Factor (GCF) for this set of numbers?
24,36,48

The GCFis_
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Anaiiing

15 Solve the word problem.
You are making packaged lunches to sell. You have 18 baby carrots and 24
cookes. You want to create identical lunches with nothing let over. Whatis
the greatest number of lunches that you can prepare?

© lnches

Remembering

16. The Least Common Multiple (LCH) i

a) The smallest product of two or more numbers.
b) The largest number that divides evenly into two or more numbers.

€) The number of common factors in two or more numbers.

Aopiving 17, What s theleast common multipl for this set of numbers?.
5,15,60
The LeM is

Analyzing 18 Solve the word problem.

You are trying to stack boxes that are each 8 inches tall next to boxes that are.
each 10 inches tall. At what height will the two stacks be level for the first
time?

Holecres

Understanding

19, Choose the correct algebraic expression for the phrase.

4 less than a number, x

=
gt

Aopiving

20, Select the expression that shows how many limes Bob bought.
Maureen bought L limes. Bob bought 5 fewer limes than Maureen,

Q) 5-L
b) L+

gi
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Anaiiing

21 Allof the following verbal expressions are equal to the algebraic expression,
=5, except:

a) xdividedby's

) theuutnt s

d) xcutinto 5 pieces

Understanding

22 Which procedure could be used to evaluate the expression
64 5b whenb = 47

) Add5andd,
b) Multiply 6 and s.

d) Divide 5 by 4.

Aopiving 23, Evaluate the expression using the given values.
@+b)e@-b)—c whena=10b=3,andc=12
Anaiying 24.If you evaluate the expression $151 — a, you can find the amount you have left in

your bank account after you withdrew a dollars. What s the amoint leftin your
bank account after you have withdrawn $757

Understanding

25.To simplfy this expression 10y — 3y:

a) Keep the coefficients and subtract the variables.

€ Add the variables and coefficients
d) These terms cannot be combined, because they are unlike terms.

Aopiving

26. Simplify the algebraic expression.
21b + 6c +3b-c + 15¢

a) aabe

) 24b% + 20
) 20b+ 22
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Anaiiing

27. Ata baseball game, you purchased 5 hotdogs and 3 beverages.
Later, you purchased 4 more beverages and 6 more hotdogs.
Leth = the cost ofa hotdog

b= the cost of a beverage

Write a simplified expression for the total amount you spent.
b) 1th—7b

§ 7h+11b
d) 8h+ 100
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Teacher Survey

Directions: The purpose of the evaluation s o examine the extent i and the Lost Function met
your instructionl needs and to learn more shout the effectveness o the technology in the
Classroom,. Plesse ratethe following items by circing one number for each or rate NR (no

response), and then answer the open ended questions.

1. Clarity of cantent and nformation for trining o the game
2 Usefulness ofthe game i teaching pre.algebra

3 Useulness of th lesson plans in aiding instruction

4. Clarty i tesning an P snd the Lozt Function software

. Useulness ofthe game s alearaing tool

. Sufficent time to cover materisl

7. Help and asistance provided by teacher acltator

8 Help and asistance provided by software fcitator

9. Lesening evironment and climate

9. Use of the game for nteraction, paticipation and discussion

Low

1

1

10, Differentisted learning strategies used & presented (inthe game) 1

1. Applicabily and usefulnessfo your esching asignment
10, Comfort teaching concepts presented inthe game

11, Likelinood of usingthis game withyour studnts
12.Comfortlevelwith using the game t support tesching
13.Paceofthe camp

14, Likelihood you would recommend this game toa colleague

15. Overall evaluation of math camp effectiveness

1

High

s

s

R

NR

NR

R

R

R

R

R

R

NR

NR

NR

R

NR

NR

R

NR

NR
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16.In the space provided, describe how using the game served as 3 strength for
teaching/studentlearning

17.In the space provided, describe limitations of using the game for teaching/student learning

18. Please provide suggestions for improvement.
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Student Survey

Directions: The purpose of this survey is to examine the extent P and The Lost
Function helped you to learn and remember mathematics/pre-algebra. Please.
answer ether "No” o “Yes" to the following questions.

1. Do you like math?
a No  bes

2. Do you lke to play games on the computer?
2 No  bes

3. Do you prefer computer-based learning for mathypre-algebra?
a No  b.es

4. Did you enjoy playing the game Pi and The Lost Function?
a No b.es

5. Do you feel that it helped you understand math/pre-algebra?
a No  bves

6. Do you think playing the game will hlp you to remember over time what you
learned about math/pre-algebra?
a No  bves

7. Would you play the game at home to help you with math/pre-algebra?
a No  bes
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Bloom's Taxonomy

Math Challenge - Problem Group Name

Classification Level

Properties: Associative Property of Addition Knowledge (Level 1)
Properties: Associative Property of Multiplication Knowledge (Level 1)
Properties: Commutative Property of Addition Knowledge (Level 1)
Properties: Commutative Property of Multiplication Knowledge (Level 1)
Properties: Additive Identity Knowledge (Level 1)
Properties: Multiplicative Identity Knowledge (Level 1)

Properties:

Zero Property of Multiplication

Knowledge (Level 1)

Order of Operations:

Part A - First Operation

Comprehension (Level 2)

Order of Operations:

Part A - Second Operation

Comprehension (Level 2)

Order of Operations:

Part A - Third Operation

Comprehension (Level 2)

Order of Operations:

Part A - Fourth Operation

Comprehension (Level 2)

Order of Operations: Part B Application (Level 3)
Order of Operations: Part C Application (Level 3)
Order of Operations: Part D Application (Level 3)

Divisibility Part A

Application (Level 3)

Divisibility Part B

not used

Divisibility Part C

Application (Level 3)

Factors and Multiples: Listing Factors (shorter problems) |Application (Level 3)
Factors and Multiples: Listing Factors (longer problems) Application (Level 3)
Factors and Multiples - LCM (2 numbers) Application (Level 3)
Factors and Multiples - LCM (3 numbers) Application (Level 3)
Factors and Multiples - GCF (2 numbers) Analysis (Level 4)
Factors and Multiples - GCF (3 numbers) Analysis (Level 4)
Factors and Multiples - LCM Part D (Problem Type 1) Analysis (Level 4)
Factors and Multiples - LCM Part D (Problem Type 1 G2) Analysis (Level 4)
Factors and Multiples - GCF Part D (Problem Type 1) Analysis (Level 4)
Factors and Multiples - GCF Part D (Problem Type 1 G2) Analysis (Level 4)

Variables and Expressions Part A (phrases)

Comprehension (Level 2)

Variables and Expressions Part B (whole word problems)

Application (Level 3)

Variables and Expressions Part C (evaluating expressions)

Application (Level 3)

Variables and Expressions: Combining Like Terms Part D

Application (Level 3)
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