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Abstract

The Interactive Electronic Technical Manual (IETM) is a tool that presents middle to highly
technical information to users with a varying range of experience in an understandable and
hands-on manner. IETM technology has been used for large military and industrial
maintenance and training systems. The IETM's ability to provide on-demand content for
audiences with a wide range of expertise makes it a great candidate for other learning
environments. The University of Wisconsin — Platteville's student taking the Introduction to
Engineering (GE 1030) Software Engineering Module has been learning to program in Alice,
an introductory programming environment, for the past two years using PowerPoint® slides,
websites, and a large amount of hands-on help from course instructors. In this thesis, the
Alice IETM was developed, which facilitates GE 1030 students' learning of Alice. An
evaluation of the IETM's effectiveness compared to traditional PowerPoint® slides was
performed. It was found that the results provide no significantly measurable difference
between the effectiveness of PowerPoint® slides and IETMs as reference materials for
teaching college students to program in Alice.
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1 Introduction

Teaching students technical material is difficult. Often a student needs instruction from
someone with specific experience to effectively learn new technical material. This is
especially true with learning programming languages [JLMO06]. Traditional documentation
and tutorials utilize PowerPoint® slides and Web pages to augment traditional lectures. In
many cases this means that the instruction is linear, and targeted to a hypothetical average
student. When a question cannot be answered with the documentation, pupils must find a
different source for the answer; often an instructor or classmate.

The Interactive Electronic Technical Manual (IETM) is designed to eliminate the need for
separate documents for different levels of experience. They have been tested and produced
for military and large-company technical documentation for more than 25 years [FUL85].

However, IETMs have not been studied in the classroom setting.

This thesis supports the claim that IETMs can be effectively used as classroom instructional
tools for learning to program in Alice, thereby increasing the effectiveness of instruction and
increasing the number of students per class. This claim was tested by examining the impact of
an IETM on the performance of UW-Platteville introductory engineering students. A
prototype of an IETM framework was created and a small control study was performed to
measure the successes and failures of the IETM in comparison with the traditional reference
and lecture materials. The experimental group used the Alice IETM for their reference
materials. The control group used PowerPoint slides for their reference materials. It was
expected that:

e The experimental group would spend significantly less time finishing the assignment
than the control group.

e The experimental group would rate the understandability of the reference materials
significantly higher than the control group.

e The experimental group would rate the usefulness of the reference materials
significantly higher than the control group.

e The experimental group will spend significantly less time on individual Alice topics
than the control group.

The results indicated that the experimental group, students who used the IETM, rated the
reference materials no differently than the students who used the traditional reference
materials. It was concluded that more research and larger sample sizes are needed to support
the claim that IETMs can be effectively used as classroom instructional tools for learning to
program in Alice.

1.1 Background on IETMs

IETM stands for “Interactive Electronic Technical Manual”. IETMs are used for presenting
users with technical material on an as-needed basis in a structured and easy-to-use format.
The term IETM was first used by Joseph Fuller of the United States Navy as early as 1970
[FULS85]. Adapting on the existing microform technology in place, a uniform specification
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was proposed in order to create technical documentation for ships and ship parts to replace
the bulky mass of paper documents and provide a quick and efficient way for technicians to
access information. In the late 1980’s, Fuller and a team of engineers worked at building a
series of pilot systems for the Navy and Air Force respectively named the Navy Technical
Information Presentation System (NTIPS) and the Computer-based Maintenance Aid System
(CMAS). The systems used documentation stored according to a Standard Generalized
Markup Language (SGML) that could be later presented via computer as an electronic
document. The NTIPS was evaluated for its ability to serve as the maintenance system for the
flight control system of the F-14A aircraft. Similar evaluations were also performed for the
Technical Information system of the AN/SPA-25D radar repeater. Both tests showed
remarkable success rates in technicians’ ability to find and isolate faults — 100% fault
isolation for IETM users, compared to 58% fault isolation of paper manual users [JF92]. The
research on IETMs, as they were called, clearly showed that technicians and engineers
preferred using the electronic documentation over the preexisting paper manuals. Throughout
the 1980’s and into the 1990’s these IETM systems were expanded and tested for efficiency
with remarkably consistent results. It was reported that the use of IETMs reduced corrective
maintenance time, reduced the number of false removal of good components, improved the
accuracy of maintenance reports, reduced training requirements for new technicians, and
reduced system down-time due to maintenance [FUL85][DTR91].

Since the inception of the IETM, its popularity had grown immensely within a few years. In
1987, due to the rapidly diverging usage by military and weapons manufacturers, the Joint
Industry/Government Pageless TM Committee was formed to standardize the use of the
IETM. In 1989, The Tri-Service IETM Working Group was commissioned to develop the
military standards to support the Navy ATA, Air Force ATF, and Army LHX. The three
standards created were the MIL-M-87268, the MIL-D-87269, and the MIL-Q-87270
[FULB85]. These three documents referenced each other to specify a standard for all IETM
producers to follow. However, during the 1990°s it was found that many IETM systems were
not interoperable for viewing — IETMs developed with one system were not viewable on
another system [JOR99]. The rapidly changing internet technology and the diverging
development IETM systems introduced dramatic changes to IETMs that the MIL
specifications could not support. By the end of the 1990s, the MIL specifications were not
being widely accepted and were being replaced with S1000D IETMs [LFJO03].

During the formation of the Tri-Service IETM Working Group a new standard was being
produced by The Aircraft European Contractors Manufactures Association (AECMA) and the
British Ministry of Defense (MoD). The European standard for production of technical
documentation using XML, S1000D, was started in 1984 and was first released in 1989
[WILO7][SKU11]. Since its release and subsequent releases, it has become the most popular
solution for specifying the XML content of an IETM [LFJ03]. The S100D standard can be
complicated for inexperienced users, and often a professional consultant is needed to guide
IETM producers through large amount of documentation rules [SKU11].

IETMs today are used as interactive maintenance and operational manuals for very large and
complex machinery, vehicles, ships, and aircraft. They have been used for presenting many
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types of technical and non-technical information in situations where the users of the tool have
varying degrees of experience, and the concept being discussed is complex enough to
constitute different ways of completing the task or understanding the concept [LB10].
Essentially, “The IETM viewer presents only the data actually required for a particular
application and only that data needed at a particular point in time.” [LFJ03]

For large systems, the production of an IETM can take years to complete. Because the
S1000D specification is complicated by itself and because there are often many stakeholders
in production of an IETM, there are companies that specialize in the creation of IETMs, such
as O’Neil, CDG-A Boeing Company, Stotteler Henke, and Absolute Data Group
[O&A03][CDGO08][S1000D][S&HO7][ADG09].

1.1.1 Advantages of the IETM

IETM technology touts some specific advantages over traditional documentation formats.
The first and most noticeable advantage comes in its material mass and volume. The IETM
is, very noticeably, the answer to the “great cost, effort, and time required to prepare, store
(warehouse), distribute, and account for hundreds of tons of paper” [FUL8S5]. This topic does
not need to be refuted too much; today a 1 Terabyte hard-drive along with a 4Ghz processor
and a 32 inch monitor would easily weigh less than 40 kg and take up no more than 1 cubic
meter of space — and 1 Terabyte of data is equivalent to 1,000 copies of Encyclopedia
Britannica [WAB10]. Without computing the mass and volume of 1,000 copies of
Encyclopedia Britannica, one can imagine the magnitude of difference.

The second and equally recognizable advantage to an IETM is speed. In comparison to paper
documentation, the IETM allows for automated navigation through search-able, indexed
information. This is simply not possible with large paper manuals which must be navigated
with manual searching and page-turning. In practice, this means that access to the needed
information can be acquired considerably faster with the use of IETMs. In one study
performed by the DRTC for the AN/SPA-25D shipboard radar, 24 technicians (11
experienced and 13 inexperienced) were directed to diagnose and solve a simulated
troubleshooting problem. The technicians tried out both manual delivery methods: using the
NTIPS FIND (an IETM system), and using conventional methods. Half of the technicians
were directed to use FIND first, the other half were directed to use paper manuals first. At the
end of the study, the results showed that the resolution of the technical issues was achieved
24% faster with the IETM [LB10][FULS85]. Inexperienced technicians solved their test
problems 26% faster with FIND, and experienced technicians solved the problems 22%
faster. In 1984, when the Air Force conducted another study using IETMs with their joint-
service radar system, they found that technicians using IET Ms were able to successfully
isolate faults in the system in just half of the time that it took with the conventional paper
manuals [FUL85].

The IETM also makes it much easier to manage content. When producing content for paper
manuals, there is difficulty in knowing if certain information has already been published in
another document, and if it has, writing a reference to that information can be cumbersome
(finding the referenced material, describing the location of the reference, etc.). Even in the
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most sophisticated and well organized paper technical manuals, the costs and the time
involved in managing content are “intrinsically unsuitable” [FUL85]. On the contrary, IETMs
allow simpler content management and active linking to other content that is available in a
uniform content management system [LFJO3]. This allows an author to reference and display
general content in multiple separate documents without having to repeat the content or force
the reader to access a separate document. This is simply not possible with paper manuals.
Effective re-usability is made possible only through the digitization and normalization of the
content [LFJO3][FUL85]. When the Navy conducted a conversion project for two of their
paper-based NAVAIR Manuals (NAVAIR 01-75PAA-2-11 and NAVAIR 01-E2AAA-2-12)
to a S1000D IETM database management system, they were able to trim 1,075 pages of
documentation down to 364 pages [SANO5].

Among other benefits, the IETM is also better for its ability to interact. Whereas a paper-
manual cannot interact with a reader, an IETM gives readers the unique ability to see only the
pertinent information based on reader input [O&A]. The added ability of interaction implies
that an IETM document can be enhanced with logic (unlike a static non-responsive paper
manual). Logic allows an IETM to provide instruction based on a user's needs. More evolved
IETMs could potentially replace human instruction altogether. In fact, efforts have already
been made to do this with military vehicle maintenance systems [LB10], and though not
every IETM is built to provide this functional complexity in logic, it is important to know
that one can be. [O&A03]



1.1.2 The 6 IETM Classes

The level of functional complexity to an IETM is defined by six general classes of IETMs.
Organizations that produce IETMs follow this class standard in helping clients define what
they currently have, and what level of IETM they require. In practice, most IETM systems
fall somewhere between two classes [ADG09].

(8 =51l Paper only; printed manuals Typel

e Descriptive or narrative
supportdata

® Repair + installation tasks

® Simple tasks

Electronically Indexed Page Images

e Pageimages rather than live text
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® May contain rudimentary linking within document
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Electronic Scrolling Documents

o Live textwith SGML/XML tags
e Mayinclude multimedia

e |nternal linking
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Linear Structured IETMs
Class 3 o Utilizes SGML or XML
® Most often viewed as an indexed PDF file (page turner)

Hierarchically Structured IETMs Typell
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checks

® Robustsearchfeatures

® Data tagged with SGML/XML is stored in a relational or ® Complex tasks
object-oriented database e Faultisolation procedures
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Integrated Process |IETMs

Systems that go beyond providinginformation, but actually
interact with hardware and process equipment. Provides
strong:

e Diagnostics

e Remote Diagnostics

Intrusive Diagnostics

ExpertSystems

TestEquipment

Prime Equipment Diagnostics

Figure 1: The five IETM classes and the different types of IETMs. [ELD10]

Class 0 — Paper — These IETMs are not really IETMs. In fact, they are “conventionally
printed technical manuals — paper only.” [O&A03]

Class 1 — Electronically indexed page images — This indicates a digitally stored manual with
electronically indexed page images. This is equivalent to the basic form of a PDF, scanned
from the original hard-copy®. The text within these documents is still not searchable or
selectable, but some Class 1 IETMs have a linked table of contents so a user can navigate to a
marked spot in the document. [O&A03][ADG09]

Class 2 — Electronic Scrolling Documents — A plain-text HTML page is an example of a
Class 2 IETM. It meets the requirements for a Class 1 IETM and it uses SGML tags to
characterize the included text. A Class 2 also can have multimedia capabilities, but the level

! A PDF generated from a Microsoft® Word Document would be Class 2 because the contained text is in an
SGML format.



of interaction is limited (for example: page-scrolling, hyperlinks, and document navigation
buttons). [O&AO03][ADG09]

Class 3 — Linear-structured IETMs — The jump from a Class 2 IETM to a Class 3 is quite
vague but the differences do exist. A class 3 IETM still follows a linear format, but the
underlying information is stored as SGML/XML tags and the information is indexed for
quick access [O&A03]. A Class 3 IETM can also be distinguished from a Class 2 in its
presentation of information. A Class 3 has a step-by-step oriented presentation that is easier
to comprehend and follow. “The document is structured more freely following the logic of
the content” [ADGO09].

Class 4 — Hierarchically Structured IETMs — Information is stored as SGML/XML in content
modules, in such a way that there is minimal data redundancy and high data integrity
[ADGO09]. The content is parsed and presented using dialogs and cross-referenced
information from the content and metadata of the SGML. The key to a Class 4 is the ability to
present information seamlessly without content redundancy or ambiguity. For a simple
example: changing the oil in a car is a fairly uniform procedure for all cars. There are only a
few minor differences, like the location of the oil dipstick, where to find the drain plug, or
how much oil will be needed to replace the old motor oil. In the case where a Class 3 would
have separate dialogues for each car, a Class 4 would have one main dialogue with context-
driven content in places where there are differences between cars.

Class 5 — Integrated Process IETMs — Class 5 IETMs are defined by having the ability to let
the manual interact (generally with prognostic and diagnostic interfaces and sensors) with the
different resources needed to successfully complete a task. They often involve the
implementation of expert systems, integration with test equipment and diagnostic tools, and
sophisticated logic processing [O&A03][ADG09]. O’Neil & Associates is one of the
companies that provide Class 5 IETM implementations. In their Interactive Electronic
Maintenance System (EMS), the IETMs are designed to aid personnel in quickly and
effectively repairing parts on military vehicles and aircraft [O&A03]. These manuals have the
ability to not only provide instructions on how to conduct a repair for specific machinery but
also how to order new parts and perform diagnostic tests on the machinery. Development of a
Class 5 IETM is highly specialized and can be very expensive but extremely cost-effective by
decreasing failure incidence and increasing the time in service for platforms [CDG10].

1.1.3 Teaching Techniques

Before discussing the use of the IETM in the classroom, it is important to discuss what the
traditionally used reference materials are for instruction in college classrooms. The most
notably used options for media learning are flash video, web-pages, and slide-shows
[UOP10][UWO10][UWP10], but there are myriads of other options available. The following
section discusses the strengths and weaknesses of the various teaching techniques available
for today's classrooms.



1.1.3.1 Slide-shows

Slide-shows (or PowerPoint® slides) are a widely used method for teaching students step-by-
step processes [CMU10][UWO10][UWP10]. Microsoft PowerPoint® is used to create rich
presentations with very little training. Studies have shown that audiences retain more from
presentations that use visual aids, and PowerPoint® is specifically designed for this
capability [KAMO3]. The original intent of a PowerPoint® is also its drawback: because
PowerPoint® Slides are not particularly designed for conveying textual or highly technical
information [KAMO3]. They are also not designed for decisional display — though it is
possible to create presentations with complex navigation between slides, it is not practical.
Thus, PowerPoint® slides, and similar presentation tools, are not intended as instructional
tools, but rather as presentational aides.

1.1.3.2 Web Page

A Web page enhances the presentation of media by providing non-linear-path content. The
possibilities with HTML are virtually endless as to what an author can include, and with the
help of CSS and JavaScript, an author can create an interactive learning web-page for
virtually any user. There have been a number of articles declaring the equivalent or better
effectiveness of web-based instruction in comparison to classroom instruction
[WELO3][COOO07][LOCO2]. One of the more thorough studies, a meta-analysis conducted by
the United States Army, concluded that web-based learning was 6% more effective than
classroom instruction for teaching declarative knowledge? [SIT06]. The analysis also showed
with 95% confidence that when web-based learning was used to supplement classroom
instruction (in comparison to classroom instruction without the aid of web-based learning), it
was 13% more effective for teaching declarative knowledge and 20% more effective in
teaching procedural knowledge® [SIT06].

However, the inherent disadvantage to using web-pages for instruction is the initial cost,
time, and skill required to create an effective learning environment. The construction of a
website with a sufficient knowledge base, and the capacity to present the contained
knowledge in an orderly and understandable way is highly dependent on the technical
capacities of the author(s). Because of this, many web pages are often subject to poor
instructional design [COOO07].

1.1.3.3 Flash

To provide a user with rich, interactive content display in a web page, Adobe® Flash® is
arguably the best choice [DLLO9][ADO+10]. Flash is especially useful for presenting
streaming video, and 3D content [DLLO9][ADO+10][FLASH]. Flash® has been a subject of
debate during the last few years. In 2009 and 2010, Apple announced restriction of flash on
its mobile and tablature devices, with the argument that it is a “CPU Hog”, there are
numerous reliability and security issues, and that its proprietary nature threatens the nature of

? Declarative knowledge is used here to describe the retention of factual information and principles.
® Procedural knowledge is used here to describe the retention of procedural information or step-by-step
processes.



“Open Web” design [OZE10][JOB10]*. Another issue to consider is whether or not
animation and interactive 3D content is effective in enhancing learning. Many researchers
have failed to prove the superiority of animation over static depiction of graphics, saying that
the use of animation in learning needs to be well justified, well-designed, and well-supported
[LOWO4]. These demands make the use of graphical animation costly, limited, and highly
specialized.

1.1.34 eLearning Software

Lectora Inspire is an HTML-based e-learning development software. It is an intuitive and
comprehensive tool set used for creating presentations and interactive learning media. The
cost is approximately $2500 for a user license and a free trial is available
(http://www.trivantis.com/uk/free-trial-downloads). When publishing the final product of a
developed 'title' to the browser, the foundation of the presented material is stored as HTML
with JavaScript and CSS. The tool set also allows for the insertion of links to media and
embedded flash video and Shockwave animations. Lectora Inspire uses a slide-show-based
approach to presenting material, like many of the eLearning tools on the market. SumTotal
ToolBook is another HTML-based e-learning development software similar to Lectora.
Without maintenance or support, it can be purchased for less than $1300
(http://www.sumtotalsystems.com/products/toolbook-elearning-content.html). There are
many other authoring tools to choose from [CLP11].

MyUdutu is a free, award-winning, option for an online eLearning development tool
[UDU**]. It offers a slide-show-like presentation with the possibility of 'scenarios’. These
scenarios are used to create decision paths — which are different results based upon user input.

When testing MyUdutu, there were some small issues with the production of the final
product. Sometimes the generated HTML did not display consistently between browsers. In
other instances the generated HTML failed to load. After some closer inspection, it was found
that MyUdutu uses a mix of Javascript, Flash, and CSS to achieve the effects and smooth
navigation. The final product, if hosted by an independent server, worked in Internet Explorer
and Mozilla Firefox. It seems the only drawback would be the dependence on Flash to
present the final product, and even this does not seem to be much of a drawback — Adobe
claims that Flash is available for 99% of internet-enabled desktops in “mature” markets
[ADO10].

The common approach taken by all eLearning software is that of the slide-based presentation.
This may very well be the most effective way to present a step-by-step learning material.
However it does not offer the user a chance to see a collection of the content all in one place.
The solution to this is an explorer window for navigating the learning material. This is a
standard procedure for all of the eLearning tools that were reviewed. The IETM takes a
similar explorer approach with one difference — the content is presented in one scrollable
window rather than a slide-based form.

* These statements are highly debatable with more recent releases of Flash® [OZE10]
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1.1.35 Human Instruction

The most obvious and most traditional approach to teaching is basic human instruction. This
has been the tried and true method for millennia — dating back to Shanyang in the Yu period
of 2257-2208 BC [BUM10]. Recently, over the past five decades, instructors have been
quickly adapting to the accompaniment of digital media in their classrooms [MURO8]. The
specific role that an instructor plays, even when surrounded by digital technology, is the
unique ability to respond to questions and engage the learner in a way that software has not
been able to do. Research previously done by Kulik and Kulik on computer-aided instruction
showed that students learned better when instruction was supplemented with computer-based
reference materials. However, the studies were not able to show consistent benefits from
standalone computer-based instruction [KUL91]. So, even with brilliant ideas in the
technology market, human instruction proves to be important to successful education, and it
can be ameliorated with the aid of computer-based instructional materials.

1.1.3.6 Teaching Technigues Summary

There are countless numbers of different teaching techniques that have been and are still used
today. Each teaching technique has advantages and disadvantages. Often the relative
effectiveness of these techniques is heavily influenced by the time, effort, and cost required in
implementing them [COOQ7]. Measuring their cost-effectiveness is a difficult and sensitive
subject that this thesis has not addressed entirely. This is an important deciding factor in
choosing a teaching technique that merits more research. Yet, to support that the IETM is an
effective and justifiable teaching tool, the considerations of time and effort still must be
considered.



2 Method
2.1 The GE 1030 Class

2.1.1 Purpose of the class

The General Engineering (GE) 1030 course at University of Wisconsin — Platteville,
Introduction to Engineering Projects, is designed for new engineering students to see a
variety of the different fields of engineering and actively participate in some of the
coursework for each field. The Software Engineering (SE) Module of the GE 1030 course
uses Alice to give the students a fun introduction to the basics of software engineering in an
interactive virtual environment.

2.1.2 Programming in Alice

Alice is a 3D programming environment designed to make it easy to create interactive
animations or stories. It is especially useful in teaching beginners the most important
concepts of object-oriented programming, functions, methods, variables, events [MOSO00].

Alice was created by Carnegie Mellon University's School of Computer Science. It started as
a prototype for head-mounted virtual display before it was considered for the Alice program
that it is today [ALI99]. It was realized that the virtual world could be used to actively show
beginning programmers the results of their programming efforts. Over time, a team of faculty
and senior students have committed to building the Alice programming environment into
what it is now. Because Alice can be difficult for those who have never done programming
before, hundreds of middle schools, high schools, and colleges have offered instructional
courses on programming in Alice [ALI199].

2.1.3 How Alice Was Taught

In the GE 1030 SE Module, students learned Alice directly from their course instructor
within the allotted four hours of lab/lecture for the GE 1030 SE Module. The instructor spent
about 15 minutes of time stating the requirements of the Alice assignment (described in the
following section) and 45 cumulative minutes teaching the basic procedure for using the
Alice programming environment. The concepts were divided up throughout the first two-hour
session of class; a concept was introduced and the students then immediately had time to
work on the learned concepts in groups. The concepts introduced were creating a new Alice
program, adding objects and characters to the Alice world, creating and using dummy
objects®, and moving individual body parts of a character or object. During the second two-
hour session, approximately 15 minutes were used to explain the basics of scene changing®.
Students had a total of approximately 2.5 hours of dedicated lab time to work in groups on
the programming assignment, and they were urged to ask the instructor questions on an as-
needed basis. One instructor was shared amongst approximately 30 students, so there were

®> Dummy objects are invisible to the camera, and are used to save the position and orientation of a character or
object within the Alice world. This allows one to move objects to pre-determined positions during the runtime
of the Alice program.

® These numbers are only approximations because the times varied between each section. This is discussed in
the conclusions as a potential weakness of the study.
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times when the students had to wait for the instructor to finish answering questions for
another group. In order to minimize the waiting time, students were given links to online
Alice PowerPoint® tutorials or access to the Alice IETM so that they could investigate issues
without the instructor. Students were informed where to find the reference materials at the
beginning of the first day of class.

2.1.4 Class Assignment

As an assignment for the SE Module, students were required to work in groups of 3 or 4
persons to develop an Alice Program that satisfied a list of requirements [HAS10]. The
students were expected to complete the assignment within three weeks after the start of the
GE 1030 SE module. The requirements are listed and described below:

1. The World shall contain at least 3 scenes.

A ‘scene’ is meant as a change of the position of the camera, characters, props, and
environment to create a recognizable change in story context and setting. A scene does
not necessarily need to have a transitional effect (such as the fade out to black and fade in
used in production films).

2. One of the scenes shall contain at least two characters who engage in a dialog. A sample dialog might be

o  Character 1: What is your favorite engineering discipline?

o  Character 2: (Your answer)

o  Character 1: Why do you like that discipline?

o  Character 2: (Explains why)

o Character 1: Where did you learn about [name of discipline]?

o Character 2: (Response)

e You can use a different dialog instead, but it needs to be engineering-related and involve at least 3 questions with
responses.

A ‘character’ is meant to be a person, animal, or other object that is part of the story within
the Alice program. A ‘dialogue’ is meant to be either a textual or audio conversation between
characters. A textual dialogue can be created using Alice’s built-in ‘say’ and ‘think’
commands that are inherited by every Alice object. An audio dialogue can be similarly
created using the built-in ‘play sound’ command.

3. Ineach scene, the world shall contain at least 1 building, 2 characters, and 3 props (trees, flowers, hockey pucks,
skateboards, cell phones, aircraft carriers, etc.).

Alice includes a gallery of buildings, characters, and props within the provided ‘Local
Gallery’. The above requirement is satisfied by having each scene contain the minimum
amount of objects. Buildings characters and props can be re-used in different scenes.

4. Two characters shall each move to at least three new places.

Alice objects contain a series of built-in move commands such as ‘move’, ‘move to’, ‘move
toward’, and ‘move away from’ to achieve object movement around virtual 3D Alice world.
A ‘new place’ is meant to be a previously unvisited location within the Alice world by a
given character.
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5. Two characters shall move parts. For each character, there must be three body parts moved with each part having
at least three movements.

Objects in Alice are aggregations of ‘parts’ and ‘subparts’ that can behave as individual Alice
objects. A ‘character’ is assumed to be a human or animal with body parts. To satisfy the
above requirement, at least two characters must have three subparts (such as an arm, leg,
head, finger, or foot) that implement movement commands. Each of these subparts must
implement at least three separate movement commands (such as a rotation, roll, turn, or
movement). Alice has some characters and objects with pre-fabricated subpart movement.
These pre-fabricated movements do not count toward the satisfaction of the requirement.

6. At least one scene shall contain an Alice vehicle - something that carries another object. The carried object must
enter the vehicle in one scene and leave the vehicle in that or some later scene.

All Alice objects contain a ‘vehicle’ property, which can be set statically or during runtime to
refer to any other object or subpart within the Alice world. An object’s movement tied to the
movement of its vehicle whenever the vehicle moves. For example: a character’s vehicle
property can be set to a skateboard object, so whenever the skateboard moves, the character
will move with it. The character’s vehicle can also be changed to the default ‘world’ object
which cannot move. The requirement is satisfied by changing an object’s vehicle property
during run-time, moving the vehicle, and changing the object’s vehicle property again after
the move.

7. Within one or more scenes, there shall be at least two camera changes to both new positions and new angles. Each
of the angle/position pairs must be distinct from the others.

The ‘camera’ object is the dynamic viewing perspective in the Alice world. The camera can
be moved and oriented just as any other Alice object. To satisfy the requirement the camera
must be moved at least two times during a scene to a new location and orientation, such that
the view of the world is distinctly changed. A ‘distinct’ angle/position pair is meant to be a
movement and orientation that create a unique viewpoint of the 3D world apart from the
other required camera positioning.

8.  There shall be at least two additional, team-selected, significant features such as events, scene fades, or sounds.

The Alice programming environment has numerous features not covered by the requirements.
‘Events’ are actions that happen in response to a given incident (such as a mouse-click, a key-
press, or the satisfaction of a conditional statement). ‘Scene fades’ are transitional effects for
scene-changing that can be implemented by changing the camera’s and the world’s lighting
properties. Other features include the use of ‘functions’ (which are methods that return a
value), ‘Do together’ blocks (which allow multiple commands to happen simultaneously),
‘Loops’, ‘Do In Order’ blocks (used to sequentially perform commands within ‘Do Together’

blocks).
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2.2 Description of Class Reference Materials
2.2.1 Original PowerPoints used in the past

2.2.1.1 Access

The original PowerPoint reference materials come from several places. The course instructor
had hand-picked about ten materials that are particularly useful in completing the
requirements for the assignment. These are links to other PowerPoint slides or web pages that
detail a specific Alice topic [HAS10][ALI99]:

A set of basic getting started tutorials: http://alice.org/index.php?page=tutorials/tutorials
A forum for asking questions to other Alice users:
http://www.alice.org/community/showthread.php?t=1342

A set of PowerPoint tutorials from Duke University:
http://www.cs.duke.edu/csed/alice09/tutorials.php

2.2.1.2 Content

Alice reference materials include basic PowerPoint tutorials with step-by-step examples for
implementing a particular feature in Alice. The vast majority of the referenced materials are
provided as concept tutorials on the Duke University Alice Summer Workshop website
[http://www.cs.duke.edu/csed/alice09/tutorials.php]. The tutorials were created for summer
workshops given to teach middle-school and high-school students programming concepts
using Alice. The tutorials include the PowerPoint slides, and slide handouts designed for
teachers to present the material in the workshops. They were not necessarily intended for
college-level students.

The tutorials were designed to be followed from start to finish. The estimated time for
completing tutorials can range from 15 minutes up to 1.5 hours. Topics for these tutorials
include, but are not limited to, the essentials to creating a world in Alice, adding objects,
setting up a scene, writing new methods, camera control, creating events, changing
properties, importing images, and using if/else statements. For the majority of the Duke Alice
tutorials that take more than 30 minutes to complete, topics were grouped and presented
together in a single PowerPoint. For example: Duke University provides a four-part tutorial
(four separate PowerPoints) on adding objects, setting up scenes, writing methods, camera
control, and events [LIA10]. The suggested time is 45 minutes per part.
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TABLE 1 SHOWS THE NUMBER OF SLIDES DEVOTED TO A SPECIFIC ALICE TOPIC FOR THE
PRINCESS & DRAGON 4-PART TUTORIAL [LIA10].

Topic Covered Partl Part2 Part3 Part4

Adding 3D Text 2
Adding comments 1

Adding objects 3 1
Adding sound

Animating objects 13 11
Browsing the object gallery 1 1
Calling your created method 2

Copying a method 3

Creating a method
Creating a world 1 1
Distinguishing between world/object methods 1
Explaining the Alice screen layout

Finding the center of an object

How to affect subparts of an object

Moving methods within the editor

Performing instructions as seen by another object
Playing the world (testing animation, sound, and events)
Positioning objects

Positioning the camera

Renaming objects

Saving a world

Setting the duration of an instruction

Setting the point of view of the camera 2 2
Using ‘do in order’ blocks
Using ‘do together’ blocks
Using ‘loop’ instructions 2
Using ‘wait’ instructions

Using Billboard objects (positioning and animating) 5
Using dummy objects 1 1 2

Using editor tabs in the Alice screen layout 1
Using events (mouse-click or key-press)

Using functions (conditional instructions) 3 1
Using pre-made methods 1

Using the ‘color’ property of an object 2

Using the ‘isShowing’ property of an object 1
Using the ‘move’ method of an object
Using the ‘quad view’ 3
Using the ‘turn’ method of an object

Using the ‘vehicle’ property of an object 2 2

= W

wWwWnN - =
N
-

(BN

el ) S N
=N
H

=N

[ XN

[BXN
[ XY

[3XY

=

Total 34 36 27 20

The first part includes a total of 37 slides, covering 20 different generalized Alice concepts.
The second part includes a total of 39 slides covering 14 unique concepts’. Part 3 has 32
slides with 11 unique topics. Part 4 has 22 slides with 12 unique topics. The tutorials can be
found at [http://www.cs.duke.edu/csed/alice09/tutorials.php#gettingStarted].

" Individual ‘properties’ and ‘methods’ are listed as topics but they are not considered unique concepts.
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2.2.2 IETM used in Experiment.

2.2.2.1 Access

The Alice IETM was accessed via a website: [http://www.blackstrype.com/tivit]. One can
load the IETM content by clicking a link to a specific tutorial from the main menu, or by
clicking a link to an IETM module referenced within the content. One can access supporting
content by clicking a link which loads within the current document. One can access external
content in the same way. Information on the different topics of Alice can be found in the
‘frequently asked questions’ dialog (automatically loaded on the first visit to the page), or by
choosing an IETM Module from the list of topics.

2.2.2.2 Content

The Alice IETM was produced specifically for the students of the SE Module of the GE 1030
class. The IETM included step-by-step procedures, pictures, videos, and links to supporting
content. Each IETM module was dedicated to a specific Alice topic, such as implementing a
scene-change, or positioning objects. Interconnecting topics could be accessed via links to
other modules -- content that is loaded into the current document upon user-request. An
example of an IETM module would be as follows:

A tutorial for implementing a scene-change includes a step-by-step procedure with pictures
for each step involved in scene-changing. Scene-changing requires knowledge of other
concepts such as using dummies, or changing the camera view. A user is be able to request
supplementary content for more detailed explanations on changing the camera view, and
using dummies by loading IETM modules into the current document.
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FIGURE 2 AN EXAMPLE OF IETM MODULE BREAKDOWN IN THE TIPS AND TRICKS IETM
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By using IETM modules to display content, every student viewed the same IETM, but the
specific content accessed was tailored to the needs of the particular student.

2.3 The study
2.3.1 Method for Review

2.3.1.1 Scientific Control Study

The GE 1030 SE Module was taught between four different sections. Two of the sections, the
control group, were directed to use the PowerPoint reference materials and the other two
sections, the experimental group, were directed to use the Alice IETM as their reference
materials. At the end of each two week section, each group was given a survey. The survey
was designed to collect student ratings of the reference materials they used in terms of
usability and understandability. The survey also included questions asking the students to
estimate the amount of time required to complete different parts of the assignment, as well as
the total number hours spent completing the assignment. The students were asked to return
the surveys to the instructor at the end of the last class period. See Appendix A for the survey.

2.3.1.2 Observing the Students

The students who used the PowerPoint reference materials were not aware of the IETM, and
vice versa. The goal of this nondisclosure was to minimize the possibility of the students
providing a biased opinion on the survey of the reference materials. Students were informed
that they would have someone attending the class to observe and take notes on improving the
instructional tools of the class. For each section, data were collected on the types of questions
students asked, by whom, and how much time was spent addressing the questions (either by
answering the question or by guiding the students to the reference materials). The information
that was collected can be seen in the Appendix B .

As well as observing the students, for the sections that used the IETM, usage statistics were
collected for the website that hosted the Alice IETM. The usage statistics show how often the
IETM users accessed the reference materials, and which resources were accessed. The usage
statistics can be found in the Appendix D .
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3 Results
3.1 Survey Results

The following is a breakdown of the results gathered from the group surveys. Students were
asked to rate how understandable and how useful the reference materials were. They were
also asked to estimate how long it took to complete specific tasks in Alice, and how many
total hours they spent on the assignment. The student groups who used the IETM (Sections 3
and 4) as their reference materials were expected to rate their materials more favorably than
those using the PowerPoint slides (Sections 1 and 2). They were also expected to spend less
time on their assignments.

The two-sample t-tests showed that there was no substantial evidence that the IETM satisfied
any of the above predictions. The students using the Alice IETM did not rate the reference
materials significantly different from the students using the PowerPoint slides in terms of
understandability, usefulness, nor completion time. The results are broken down based on the
analysis of each survey item.

3.1.1 Understandability

The null hypothesis is that there is no significant difference in ratings for understandability
between the experimental group, those using the IETM, and the control group, those using
the PowerPoint slides. The null hypothesis was tested to see if this difference exists.

Survey Results for Rated Understandability

Mean N Standard Deviation

IETM (Sections 3 & 4) 2294 17 1.2127

PowerPoint (Sections 1 &2) 2316 19 0.8852

i 0, - -
Null Hypothesis Degrees of Freedom ClI for Difference (95%)  t-value p-value

(No Difference)

34 (-0.753, 0.709) -0.0616 _ 0.9514
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FIGURE 3 BOXPLOT OF RATINGS FOR UNDERSTANDABILITY BETWEEN IETMS AND
POWERPOINTS.

3.1.2 Null Hypothesis Remains: No difference in Understandability
The results indicate that there is no statistically significant difference in ratings for

understandability between the experimental and control groups. Thus, the null hypothesis
cannot be rejected.

3.1.3 Usefulness

The null hypothesis is that there is no significant difference in ratings for usefulness between
the experimental group, those using the IETM, and the control group, those using the
PowerPoint slides. The null hypothesis was tested to see if this difference exists.

Survey Results for Rated Usefulness

Mean N Standard Deviation

IETM (Sections 3 & 4) 2412 17 0.7123

PowerPoint (Sections 1 & 2) 2.474 19 0.7723

i 0, - -
Null Hypothesis Degrees of Freedom  ClI for Difference (95%) t-value  p-value

(No Difference)

34 (-0.5655, 0.4415) -0.2505  0.8038
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FIGURE 4 BOXPLOT OF RATINGS FOR USEFULNESS BETWEEN IETMS AND POWERPOINTS.

3.1.4 Null Hypothesis Remains: No difference in Usefulness
The results indicate that there is no statistically significant difference in ratings for usefulness
between the experimental and control groups. Thus, the null hypothesis cannot be rejected.

3.1.5 Time Spent Scene Changing
The null hypothesis is that there is no significant difference in the amount of time spent
implementing scene changes between the experimental group, those using the IETM, and the

control group, those using the PowerPoint slides. The null hypothesis was tested to see if this
difference exists.

Survey Results for Time Spent Implementing Scene
Changes

Mean N Standard Deviation

IETM (Sections 3 & 4) 9.588 17 9.0178

PowerPoint (Sections 1 & 2) 8.75 19 47177

i 0, - .
Null Hypothesis Degrees of Freedom  ClI for Difference (95%)  t-value p-value

(No Difference)

34 (-4.2102 , 5.8862) 0.3434 0.7344
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FIGURE 5 BOXPLOT OF DECLARED TIME SPENT IMPLEMENTING SCENE CHANGES BETWEEN
IETMS AND POWERPOINTS.

3.1.6 Null Hypothesis Remains: No difference in Time Spent Scene-
Changing

The results indicate that there is no statistically significant difference in the amount of time

spent implementing scene changes between the experimental and control groups. Thus, the

null hypothesis cannot be rejected.

3.1.7 Time Spent Using Alice Vehicles

The null hypothesis is that there is no significant difference in the amount of time spent
implementing vehicles between the experimental group, those using the IETM, and the
control group, those using the PowerPoint slides. The null hypothesis was tested to see if this
difference exists.

Survey Results for Time Spent Using Alice Vehicles

Mean N Standard Deviation

IETM (Sections 3 & 4) 7912 17 5.6741

PowerPoint (Sections 1 &2) 4.258 19 2.5868

i 0, - -
Null Hypothesis Degrees of Freedom  ClI for Difference (95%) t-value  p-value

(No Difference) 34 (0.5373, 6.7707) 24381  0.0238
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FIGURE 6 BOXPLOT OF DECLARED TIME SPENT IMPLEMENTING ALICE VEHICLES BETWEEN
IETMS AND POWERPOINTS.

3.1.8 Null Hypothesis Rejected: Difference exists in Time Spent Using

Vehicles
The results indicate that there is a statistically significant difference in the amount of time
spent implementing vehicles between the experimental and control groups. Thus, the null
hypothesis can be rejected. The results show that students spent less time using Alice
Vehicles when they were provided PowerPoint slides as reference materials.

3.1.9 Time Spent Positioning Objects

The null hypothesis is that there is no significant difference in the amount of time students
spent positioning objects between the experimental group, those using the IETM, and the
control group, those using the PowerPoint slides. The null hypothesis was tested to see if this
difference exists.

Survey Results for Time Spent Positioning Objects

Mean N Standard Deviation

IETM (Sections 3 & 4) 3379 17 2.8849

PowerPoint (Sections 1 &2) 4.008 19 4.7916

i 0, - -
Null Hypothesis Degrees of Freedom  ClI for Difference (95%)  t-value  p-value

(No Difference) 34 (-3.2941, 2.0361) -0.4827  0.633
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FIGURE 7 BOXPLOT OF DECLARED TIME SPENT POSITIONING OBJECTS BETWEEN IETMS AND
POWERPOINTS.

3.1.10 Null Hypothesis Remains: No difference in Time Spent
Positioning Objects

The results indicate that there is not a statistically significant difference in the amount of time

students spent positioning objects between the experimental and control groups. Thus, the

null hypothesis cannot be rejected.

3.1.11 Total Hours Spent

The null hypothesis is that there is no significant difference in the total hours students spent
completing the assignment between the experimental group, those using the IETM, and the
control group, those using the PowerPoint slides. The null hypothesis was tested to see if this
di