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Abstract
This project seeks to determine the most important characteristics in effective
tutorial development. The findings from previous research of related studies provided
direction regarding the design and production of solid modeling tutorials using
screencapture with voiceover. Related studies were retrieved in an electronic database
using the following keywords: tutorial design, improving spatial conceptualization, solid
modeling tutorials, CAD tutorials, effective tutorials, and creating tutorials. Since the
development of tutorials is completed via the use of ever-improving technology, the
results of the search were then narrowed by the date published, rejecting anything
regarding the development of tutorials dated before the year 2000. Theoretical references
were not subject to this date filter.
Tutorial prototypes were created using Google Sketch Up Pro, Power Point, and
Camtasia II for Mac. Prototypes were designed using information from previous studies
as well as guidance from Human Centered Design and Interaction theories. The resulting
models were assessed using Bloom’s Taxonomy to attest to their potential value in the
classroom. The final series of Google Sketch Up Pro tutorials is intended for use in a
technical drawing introduction unit in middle school Technology Education classes. The
objectives of the tutorials are to promote higher level thinking order and ultimately help
students acquire spatial conceptualization skills in regard to technical drawing of 3D
objects in 2D orthographic projection depictions. The hope is that the use of engaging
tutorials will aid in bridging the gap between the 3D reality and the 2D drawing worlds.
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Project Introduction and Research Questions
The purpose of this project is to design and evaluate a series of computer-based
tutorials with the objective that the product reflects an attention to both design and
intended outcome. Goals include designing with the user in mind, promoting user
engagement and motivation, and adhering to accepted cognitive learning outcomes; more
specifically, aiding teachers in providing differentiated instruction and facilitating
students in gaining spatial conceptualization skills. Tutorial creation will be guided by
Human-Centered Design (HCD) and Interaction Design principles as well as a mindful
consideration of intended cognitive learning outcomes/higher level thinking order as
established by Bloom’s (1956) Taxonomy of Cognitive Learning.
The research questions defining the project include:
1. What Human-Centered Design (HCD) and Interaction Design principles best
promote effective tutorial use through increased motivation and engagement?
2. How can tutorials better meet the needs of students regardless of learning style
and current mastery level as compared to current methods?
3. What tutorial design specifications will best address the improvement of cognitive
learning skills and higher level thinking order?
4. How does tutorial use relate to Bloom’s Taxonomy of Cognitive Learning
Outcomes?
The first focus of this project is what Human-Centered Design and Interaction
Design principles best promote effective tutorial use through increased motivation and
engagement? One of the underlying objectives of modern teaching is for students to
engage in critical thinking. The focus has produced both positive and negative results.
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Students do indeed use critical thinking skills however; those very skills are often
directed at the teacher’s lesson activities. Therefore students are no longer likely to
complete activities for merely a grade. Instead well-planned lessons in which interesting
content is combined with an intriguing presentation style is required to inspire and lead
students to feel an intrinsic motivation for completing the task. All of this must be
constructed by teachers in anticipation of the inquiries, “Why are we doing this? And
“What will I ever use this for? Human-Centered Design and Interaction Design principles
offer guidelines to aid teachers in creating innovative lessons where students are engaged
and motivated to complete necessary tasks. The goal of this project and the ensuing
evaluation of it is to determine if tutorials are a viable option as such.
The second focus of this project is how can tutorials better meet the needs of
students regardless of learning style and current mastery level as compared to current
methods? There are three basic learning styles: auditory, visual, and tactile/kinesthetic.
The idea of learning styles has recently come under question as noted by Glenn (2009) in
his article referencing a Psychological Science in the Public Interest (Pashler, et al.,
2009) study. This study calls for the reconsideration of designing instruction with regard
to addressing learning styles because, as Pashler et al. (2009) notes, there is evidence that
although students do prefer certain types of information delivery over others, for effective
instruction the style of presentation should be chosen to match content rather than a
concern with learning style (p. 105). Regardless this researcher, with the
acknowledgement that there is indeed a question regarding learning styles, will
nevertheless apply them for the purpose of this project because the lesson content, CAD,
does warrant the presentation style, tutorial use. Tutorials for CAD instruction show
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promise for engaging all students by addressing each of the three learning styles
simultaneously as there will be voice-over along with a visual display of the program and
an activity requiring students to complete a task or a series of tasks in each. In addition
the self-directed nature of tutorials allow struggling students to pause, stop, go back, and
repeat as necessary to grasp the concepts, while more advanced students will be able to
forge ahead without disruption.
The third focus of the project will be to determine what tutorial design
specifications will best address the improvement of cognitive learning skills and higher
level thinking order? Coherence, inclusiveness, malleability, engagement, ownership, and
responsiveness, purpose, panoramic, transcendence are all attributes of HCD that Cooley
(2000) outlines as integral to the creation of an effective human-user system (p. 68).
Tutorials created using HCD and Interaction Design theories should correlate to Bloom’s
Cognitive Learning Outcomes leading students to use higher level thinking skills.
Finally the project will consider how tutorial use by students relates to Bloom’s
Taxonomy of Learning Outcomes. Tutorials rely on active involvement from the user.
That very nature aligns well with the highest levels of the taxonomy. The hope of the
study is to show that tutorials can be designed to be educational as well as engaging and
motivating enough to inspire students to utilize higher order thinking skills.
Teaching in K-12 classrooms is more challenging than ever. Lesson planning
must address the needs of the students in two distinct ways: First to get them interested
and engaged and second to effectively teach higher-level thinking order concepts no
matter their learning style or mastery level. This project intends to show that purposeful
tutorial design may pose a viable solution to achieving both.
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To determine the success of the tutorial design, upon completion the series of
tutorial prototypes will be evaluated using the intended outcomes set forth by Bloom
(1956) in his Taxonomy of Cognitive Learning Outcomes, making sure that the designs
align well with the highest levels. Although this will not ensure their effectiveness in
classroom use, it will certify a theoretical basis for implementation in the course
curriculum.

Background
Technology Education classes involve problem-solving, design-based learning.
Generally the culminating activity of any unit involves a project in which students use
these skills to design and ultimately create something. Therefore a key component in the
curriculum is teaching students to communicate their ideas effectively. This entails being
able to draw designs technically in orthographic projection style, or in three views: front,
top, and right side. For many students this presents a difficult challenge as it requires a
moderate to high level of spatial conceptualization. Typical instruction includes a series
of drawing exercises beginning with a simple object and progressively moving to the
more complex, thus more difficult drawings. Unfortunately in many cases, this method
does not adequately address the variety of student abilities and diverse learning styles
present in the classroom.
In order to make any learning experience more effective and more engaging to
students of all learning styles and mastery levels, teachers must constantly look for new,
more interesting, and thus more effectual methods of presenting the information. In this
case, it entails finding ways to link the 3D world in which we live to the 2D world of
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technical drawing. Fortunately modern technology offers increasing numbers of possible
presentation options.
This project examines the development of introductory Google Sketch Up
tutorials in which students will first be instructed on how to use the solid modeling
program via an introduction of the interface, the available drawing tools, and their
functions. As opposed to learning for learning’s sake, the process will be carried out
through a documented procedure of creating simple objects as 3D models. Students are
prompted to complete the steps after they view the tutorial. The final tutorial directs
students to manipulate the objects they produced earlier in order to see how the 3D
models relate to the 2D drawing style and thus how everyday objects can be represented
in 3-views or, by orthographic projection.

Method
The tutorials were produced using a combination of Microsoft Power Point slides
and Google Sketch Up Pro. Each presentation was accomplished via screencasts of slides
and recordings of instructor use of the drawing program, all with voice-over narrations
including prompts for student activities. The screencasts were recorded and edited using
Camtasia II for Mac by TechSmith and then uploaded to screencast.com. Due to the
flexible format, the finished tutorials will be easily shared on the school network so
students can have access either inside or outside of class time. All related student
handouts were developed in Microsoft Word and will be distributed to student users as
needed for any corresponding tutorial activities.
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Relevant Studies
Two distinct areas of interest emerged when researching the topic of tutorial
design. The first is in regard to the design itself while the second lies in the intention or
purpose of the tutorial.
Tutorial Design
Clear Goals and Objectives in Tutorial Design: Effective tutorial design begins with a
clear vision of purpose. Shedroff (2000) explains, “all effective communication involves
defining the goals of the experience being created and the messages to be conveyed as
early as possible in the development process” (p. 281). Diel and Flett’s (2003) library
tutorial study findings concur, showing that clear goals and objectives are crucial and
ultimately drive the process of successful tutorial production.
Human-Centered Design Principles in Tutorial Development: When designing
tutorials, knowing the target audience is equally as important as the establishment of an
overall objective. Cooley’s (2000) Human-Centered Design dispels the premise that
human intuition, creativity, and emotion are of no value; and thus empowers the user to
be actively engaged with the technology through designs that include coherence,
inclusiveness, malleability, engagement, ownership, responsiveness, purpose, panoramic,
and transcendence. (pp. 68, 70).
Coherence, according to Cooley (2000), is a “transparency” of purpose, showing
the user what is possible with use of the system (p. 68). Bhatt et al. (2008) designed
tutorials with an overtly obvious progression affording students a clear understanding of
the intended outcome and reason for the activity. By providing such scaffolding users
can see a defined path and the underlying objectives regarding the outcome.
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Inclusiveness, or the system’s welcoming nature, entices the user to engage in the
system activity (Cooley, 2000, p. 68). Folkestad and De Miranda (2002) attempted to
encourage student users by creating tutorials that are easy to manage. In addition
“student-centered”, experiential-based designed tutorials are intended to promote user
engagement (Bhatt, et al., 2008; Folkestad and De Miranda, 2002; Yesilyurt and Yilmaz,
2007).
Cooley (2000) explains malleability as the ability of the user to make choices and
make the system his/her own (p. 68). Self-paced tutorials allow users to stop and go,
repeat and review, as needed (Bhatt, et al., 2008; Folkestad and De Miranda, 2002;
Yesilyurt and Yilmaz, 2007).
Engagement is a participatory sense imparted by a system (Cooley, 2000, p. 68).
Learning by doing is the best example of learner engagement. Tutorial design is based
upon the creation of a user-centered activity (Bhatt, et al., 2008; Folkestad and De
Miranda, 2002; Oraifige et al, 2011; Yesilyurt and Yilmaz, 2007).
A sense of ownership can be created when a tutorial design gives the user options
and allows for the user to create a bit of the system him/herself (Cooley, 2000, p. 68).
Screencapture tutorials cater to different learning styles while leading the user to create
something or complete a task (Folkestad and De Miranda, 2002, p. 2).
Cooley (2000) defines responsiveness as the user’s sense that the system will
respond to individual needs (p. 68). Korkmaz and Harwood (2004) addressed this by
offering both linear and hierarchical navigation in their tutorials, stating,
“While some of our students may want to learn in a linear mode, we felt that
many may want to look at the content in a more targeted fashion and “jump” to
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different topics as they felt a need for more information. For these students a
linear mode would not serve. At the same time, a linear mode provides many
students with the scaffolding they would need to learn this material” (p. 245).

Purpose in HCD is explained by Cooley (2000) as a system attending not only to
what the user has in mind for use, but also encourages an extension of thought in which
the user goes beyond their original perception (p. 70). Yesilyurt and Kara (2007) note that
interactive teaching such as tutorials not only emphasizes active learning through the
forthcoming student objectives and obvious outlined tasks, it encourages students to
become aware of and use their own knowledge thus exceeding the anticipated level of
learning (p. 38).
A panoramic system is one that proposes both a narrow view of the system’s task
as well as a vision of the bigger picture relating to how this system relates to and fits into
the wider perspective (Cooley, 2000, p. 70). Patera’s (2009) study regarding CAD use
for increased spatial ability is an example of such (p. 144). By completing very specific
tasks on the CAD program, spatial ability increased as a by-product.
Systems containing transcendence qualities support the user in quests outside its
obvious uses (Cooley, 2000, p. 70). The Gareis (2007) study revealed that the series of
Power Point tutorials inspired some student users to extend the original presentation for
increased clarity (p. 465).
Tutorial creation and use is also supported by the constructivist ideal that learning
is best accomplished through experiences that build on a pre-existing human knowledge
and creativity (Basam & Kotrlik, 2008; Cooley, 2000; Hansen, 2008; Patera, 2009).
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Yesilyurt and Kara (2007) note that tutorials “…creat[e] a learning environment in which
students can learn at their own pace…mak[ing them] more aware of their own
knowledge” (p. 12).
Interactivity in Tutorials: The very nature of tutorials lends itself to encouraging user
active involvement. Self-guided and experiential-based, tutorials offer valuable and
meaningful hands-on learning experiences (Diel & Flett, 2003; Gerhardt, 2007).
Adherence to HCD principles in the development stage of tutorial creation will increase
the likelihood of a user-friendly finished product. Interaction Design explained by
Shedroff (2001): in any human activity, the greater the level of user involvement, the
deeper the impact of the experience, therefore tutorials that allow a user to create or share
in the making of something, will provide the most compelling experiences.
Intended Purpose of Tutorials
Active Student Engagement in Tutorials and Bloom’s Taxonomy: The goal of a
tutorial is to aid in the learning process. Tutorials provide users with information
regarding a specific topic or purpose. Since tutorials are utilized in a self-directed
manner, it is imperative that they engage the user in the tutorial’s activity in order to be
successful. Bloom’s Taxonomy of Cognitive Outcomes (1956) is a widely accepted set of
learning outcomes within the educational field. It more or less rates the level of learning
that will come from any specific activity. The taxonomy states that learning is at its best
when it is accomplished through active involvement. To better represent the taxonomy as
“active”, one of Bloom’s former students, Lorin Anderson, revised the original taxonomy
using verbs rather than nouns to define the progressive engagement levels of Bloom’s
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initially indicated learning outcomes (Fig. 1). Each level builds upon the ones below, thus
moving up requires a mastery of all previous levels.

Figure 1: Bloom’s Taxonomy Terminology Changes

Note: "The graphic is a representation of the NEW verbiage associated with the long
familiar Bloom's Taxonomy. Note the change from Nouns to Verbs [e.g., Application to
Applying] to describe the different levels of the taxonomy. Note that the top two levels are
essentially exchanged from the Old to the New version." (Schultz, 2005) (Evaluation
moved from the top to Evaluating in the second from the top, Synthesis moved from
second on top to the top as Creating.)
Source: http://www.odu.edu/educ/llschult/blooms_taxonomy.htm as referenced by Forehand
(2005).
Overbaugh and Schultz (n.d.) define the taxonomy levels as questions regarding student
accomplishment at each stage:
Remembering: Can the student recall or remember the information?
Understanding: Can the student explain the ideas or concepts?
Applying: Can the student use the information in a new way?
Analyzing: Can the student distinguish between the different parts?
Evaluating: Can the student justify a stand or decision?
Creating: Can the student create a new product or point of view?
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The taxonomy levels can also be broken down into related terms for easy
referencing in lesson planning. When teachers use the verbs in the formulation of a lesson
plan, assessment of lesson effectiveness is more effectively gauged (Fig. 2).

Figure 2: Bloom’s Revised Taxonomy and Related Verbiage
Level
Verbs Representing Applicable Cognitive Activities
Remembering
Understanding
Applying
Analyzing
Evaluating
Creating

Retrieving, recognizing, recalling, defining, listing, duplicating,
repeating, defining, duplicating, reproducing,
Constructing, interpreting, exemplifying, classifying, summarizing,
inferring, comparing, explaining, describing, locating, recognizing,
reporting, selecting
Executing, implementing, choosing, demonstrating, employing,
illustrating, interpreting, solving, using
Differentiating, organizing, appraising, contrasting, comparing,
criticizing, testing, discriminating, distinguishing, examining,
experimenting, questioning
Judging, critiquing, checking, arguing, defending, selecting,
supporting, evaluating
Reorganizing, generating, planning, producing, assembling,
constructing, designing, developing, formulating

Looking at the verbiage associated with each level it is clear that tutorials
designed to guide students through steps of an actual creative process indeed reflect
Bloom’s Taxonomy of Cognitive Learning (1956). Such student-centered activity
specifically targets the four highest levels: applying, analyzing, evaluating, and creating
levels. Abdulrasool and Mishra (2010) assessed their tutorials’ application of Bloom’s
taxonomy by scoring student quizzes at the completion of each tutorial, giving feedback
to students on whether to move on or review past material (p. 87). Nightingale et al.
(2007) determined that learning objectives were indeed aligned with Bloom’s by
breaking down the various lesson tasks into their appropriate nouns and verbs, placing
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them into a grid similar to Figure 2 in order to assure that the highest level thinking skills
were being addressed.
Motivation Through Tutorials: Motivating students through careful design of
classroom activities is paramount to successful teaching. The use of tutorials empowers
students as they are designed to be self-paced and allow students to repeat parts of the
exercise as needed (Yesilyurt and Kara, 2007, p. 6). The use of instructional technology
such as computer-based tutorials can be a motivator to modern, tech-savvy students given
that it is familiar and not difficult to use (Connolly, et al., 2006). Small (2010) notes that
students find tutorials, particularly those that utilize screencasts, easy to use as well as
helpful in the learning process (p. 5).
Tutorials As Part of a Project-based Curriculum: Project-based classes require
problem-solving skills to be successful. Prins and Holland (2010) found tutorial use
within college engineering programs to be beneficial in the development of proficiency in
critical thinking, visualization, and constructions skills. Strong and Smith (2001) suggest
that more studies are needed to compare the results of using 3D models in technical
classrooms over traditional teaching methods.
Differentiated Instruction in Tutorials: Differentiated instruction refers to a method of
delivering lessons that meet the needs of all students, accommodating both different
learning styles and varying mastery levels. Applying a combination of instructional
strategies (the use of technology along with traditional teaching methods) in conjunction
with consideration for background experiences and learning styles, will promote
experiential learning and higher achievement levels among students (Bhatt, et al., 2008;

12

Oraifige et al., 2011). In addition, Connolly et al. (2006) found that tutorials provide the
flexibility for use in both remedial and drill and practice applications (p. 28).
Giving Substance to Abstract Information: Abstract concepts are found in most every
academic discipline but most especially in technical fields. In mechanical drawing
classes, students must be able to conceptualize a 3D object and depict it in a 2D
illustration. According to Bhatt, et al. (2008) CAD tutorials offer a ‘virtual model’ and
opportunity for ‘virtual experimentation’, experiences that cannot be offered in the
traditional lecture class (p. 3). Korkmaz and Harwood (2004) found similar results in a
study conducted regarding tutorial use in chemistry education to visualize molecules in
which students preferred viewing and “experiencing” the 3D molecules in the web-based
tutorial over using erector sets to build and view their own (p. 250).

Conclusions From the Literature Review
Past studies show that tutorials offer learning opportunities that traditional
classroom activities cannot. The best tutorials address design in two distinct levels: first,
the consideration for the audience and second, being mindful of the intended outcome.
Therefore the design is actually driven by both the beginning and the end: the need of the
user and the ultimate goal. The research specific to CAD tutorials indicates their immense
value when well designed because of the ability of tutorials to demonstrate matters that
cannot otherwise be tangibly illustrated in the traditional classroom lesson due to various
limitations. Educational tutorials that can track progress and give feedback to the user are
the pinnacle of tutorial development (Diel and Flett, 2003; Yesilyurt and Yilmaz, 2007).
Examples of this type of tutorial include those where the system contains a test at the end
of each section and will not allow students to progress without a minimum score. When
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used in academia this type of tutorial provides both the student and the instructor with the
greatest benefits, as there is a clear view of progress and/or areas of need.
All of the studies referenced referred to tutorials in a positive light. The
conclusions in each suggested that tutorials are likely to become more prevalent, with the
latest trend, tutorials including screencapture being a very powerful and promising
learning tool.

Project Background
The current method of teaching orthographic projection to middle school students
includes drawing cubes in oblique, perspective, and isometric formats as a review of 3D
pictorial drawing styles. Through class discussion the “D” of 3D is explored and students
are lead to realize, via a series of planned questions, that the “D” stands for “dimension”,
indicating that a 3D drawing denotes the height, width, and depth of an object. This
dialogue leads to an introduction of the orthographic projection drawing style where
different views of the same object (cube) are shown separately in an effort to maintain the
integrity of all proportions and angles for eventual construction.
Next, students work through simple drawings together as a class—in an
instructor-lead activity with a white board projection of the students’ handouts. Drawing
practice continues with instructor guidance and eventually progresses to independent
work. The greatest hurdle for students lies in difficulty with spatial conceptualization.
This is compounded by the fact that the task requires all spatial work to be done within
the student’s imagination. Unfortunately the abilities of any class vary greatly, from those
who need very little support to students who cannot grasp the concept at all without oneto-one assistance.
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The use of CAD tutorials offers students an opportunity to visualize as well as
manipulate an object in a 3D depiction, as opposed to strictly in the student’s
imagination. By doing so, students can get a better understanding of how the 3D object
looks at different angles and thus how those different orthographic projection views relate
to the 3D object. Tutorial use will be implemented as an addition to the current method of
teaching, supplementing the drawing unit with another way to visualize the objects being
drawn. In addition the self-directed nature of tutorials will allow students to progress at
their own pace, freeing the instructor to assist the struggling students without hindering
the progression of the entire class.
In education this represents the basis of differentiated instruction: the teacher’s
obligation to teach the same lesson material at various levels using a variety of methods
therefore accommodating all mastery levels and learning styles. The tutorials developed
for this study will not only help all students learn orthographic projection, they will allow
more advanced students to progress to, and experiment with, the next level of technical
drawing, Computer Aided Drawing (CAD).

Project Design
One software introduction and three tutorial prototypes were created using
Camtasia 2 for Mac for screencapture and voiceover narrations of both Power Point
slides and Google Sketch Up Pro 8. Camtasia by TechSmith Corporation, is a
screencapture and editing tool (TechSmith, 2012). The software, available in PC and Mac
platforms, was easily downloaded and installed directly from the Internet. TechSmith
offers a 30-day free trial with the option to purchase for $99.95. Unlike other
screencapture software, Camtasia provides users with unlimited recording time. The
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editing tools allow the addition of animations and other transition options for smooth
presentations. Camtasia also includes images such as callouts, arrows, captions, etc., to
enhance messages and direct user attention. These characteristics will aid in the
development of student-friendly and engaging tutorials.
Tutorial development was guided by Human Centered Design (HCD) theory
(Cooley, 2000) and assessed at completion using Bloom’s Taxonomy of Cognitive
Learning Outcomes (Bloom, 1956). Tutorials were created to address the following HCD
components: coherence, inclusiveness, malleability, engagement, ownership,
responsiveness, purpose, panoramic, and transcendence (Cooley, 2000, p. 68). By
adhering to the HCD characteristics, tutorials are more attractive and engaging, thus more
effective as a learning tool.

Implementation and Evaluation Plan
Implementation of tutorial use will be in supplement to current teaching methods.
The design objective was never to replace current methods but to ensure that struggling
students have additional instruction and support while those who learn quickly are not
stifled waiting for others to catch up. Although this project will not look at the actual
employment of the tutorials in a classroom setting, it does seek to determine the
theoretical credibility for classroom use in the future. This evaluation focuses on two
endearing qualities: an observable attention to meeting the needs of the user, and
evidence that student users will be employing higher level thinking skills set forth by
Bloom’s Taxonomy through the completion of tutorial activities.
Each tutorial assessment was carried out via a chart-like rubric with an
understanding that Interaction Theory is addressed automatically by the very careful
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planning of the overall tutorial design and the mindful focus on the intended purpose.
This methodology drove the entire process. To insure compliance with HCD theory, each
of Cooley’s outlined characteristics was noted specifically. Rating was carried out
simultaneously with the actual creation of the tutorials and format development to insure
tutorial design components met the HCD attributes. The evaluation grid lists the HCD
attributes to the left with how each is addressed in the right (Figure 3).

Figure 3: Tutorial Prototype Development Evaluation Grid
HCD Attributes
Coherence
Inclusiveness
Malleability
Engagement
Ownership
Responsiveness
Purpose
Panoramic

Transcendence

Addressed
Shows transparency, meaning highly visible what is going on or what is
possible (Cooley, p. 68). Consistent format, Title slides, overview, ending
slides with activities
Inviting system makes user feel part of a community of familiar activities
(Cooley, p. 68). The tone, familiarity, references to other knowledge/classes,
accessibility for special needs: visual/auditory
Possibility to mold the situation to suit, to pick-and-mix and sculpt the
environment (Cooley, p. 68). Able to control video-stop, go, rewind, play,
pause, fast forward
A sense that one is being invited to participate in the process, creating
empathy (Cooley, p. 68) Activities engage students in active learning-practice
assignments.
Feeling that you have created and thereby own parts of a system (Cooley, p.
68). The activities are student-centered and somewhat student-directed. There
is a student-created object in the end.
General sense that the system will respond to user requirements, needs, ways
of doing things (Cooley, p. 68). System responds to student through controls.
Reminder at the end that tutorials can always be revisited.
Capable of responding to purpose user has in mind but then encourages users
to go beyond (Cooley, p. 70). Tutorials give some directions regarding the
activities but leave it up to student to make some choices and go beyond.
Encourages user to converge on narrower activities but also provides
windows or apertures through which one can take a wider or more panoramic
view (Cooley, p. 70). Introductory Google Sketch Up video alludes to bigger
possibilities like actual construction of the drawing project. Yet tutorials are
very specific in presentation and culminating activities.
When using the system, the user should be encouraged, enticed, and even
provoked to transcend the immediate task requirements (Cooley, p. 70). By
giving students the freedom to complete open-ended activities independently
they are somewhat encouraged to experiment.
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The grid indicates that each of Cooley’s HCD attributes was addressed in the
prototype tutorial development. Consistent format, including title slides, overview, and
ending slides with activities showed coherence in the system. That familiarity created a
transparency of purpose for users (Cooley, p. 68). Students know what to expect because
there is a followed pattern.
The tone, familiarity, and references to other knowledge and classes make the
student user feel part of a community of familiar activities, inclusiveness (Cooley, p. 68).
An essential component in educational inclusiveness is to provide accessibility for special
needs. In the tutorials students with visual or auditory difficulties needed to be
accommodated. This was addressed by the utilization of high contrast colors to counter
color-blindness confusion and in the introduction and in all tutorial prototypes, captions
were added as a solution to auditory issues.
The tutorials provide the student user with the possibility to mold the situation to
suit, to pick-and-mix, and sculpt the environment (Cooley, p. 68). This malleability
reflects the very nature of tutorials, which gives users the power to control the video
through stop, go, rewind, play, pause, and fast-forward.
Activities located at the end of each tutorial engage students in active learning.
The practice assignments provide an engaging sense that the student is being invited to
participate in the process, not merely act as an audience member (Cooley, p. 68).
The activities embedded in the tutorials are student-centered and somewhat
student-directed. There is a student-created object in the end imparting the feeling of
partial ownership of the system (Cooley, p. 68).
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Responsiveness, the general sense that the system will respond to user
requirements, needs, and ways of doing things is addressed in that the tutorials respond to
the student through navigational controls (Cooley, p. 68). To further promote that sense,
there is a verbal reminder that tutorials can always be revisited and outside resources are
available as well. A student handout will be distributed to emphasize the options.
The prototype tutorials each give some directions regarding the activities but
always leave it up to student to make some choices and to go further. This capability of
responding to purpose the user has in mind but also encouraging users to go beyond
reflects purpose as defined by Cooley (2000, p. 70).
A panoramic system encourages the user to converge on narrower activities but
also provides windows or apertures through which one can take a wider or more
panoramic view (Cooley, p. 70). The Introductory Google Sketch Up video clip
embedded in Tutorial 1 alludes to bigger possibilities like actual construction of the
drawing project, yet tutorials are very specific in information presentation and
culminating activities.
When using the system, the user should be encouraged, enticed, and even
provoked to transcend the immediate task requirements (Cooley, p. 70). Transcendence is
achieved in the prototype tutorials by giving students the freedom to complete openended activities independently; encouraging them to experiment.
The final products were then evaluated for adherence to Bloom’s Taxonomy and
his Higher Order Thinking Skills. This was carried out by listing the specific student
activity involved in each tutorial (Figures 4.1, 4.2, 4.3). The activities were broken down
into precise verbs describing every directed task or action carried out by the student
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throughout the tutorial session. The resulting verbiage was then assessed by locating it in
the chart (Figure 2) as it relates to the individual Bloom’s taxonomy levels. Checks in the
columns indicate the learning levels achieved by each activity.

Figure 4.1: Tutorial #1 Outcome Evaluation Grid
Student
Activity
Launch
program

Draw

Utilize
tools

Ties to
math

Ties to
drawing

Specific
Verbiage

Remembering

Understanding

Applying

Analyzing

Evaluating

Creating

recalling,
recognizing,
repeating,
locating,
demonstrating,
using
recalling,
recognizing,
repeating,
locating,
employing,
using, testing,
selecting,
generating
*all above
verbs and
interpreting,
examining,
selecting,
constructing,
producing
retrieving,
recalling,
inferring,
recognizing,
comparing
retrieving,
recalling,
recognizing,
interpreting,
selecting,
constructing,
producing,
assembling

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Figure 4.2: Tutorial #2 Outcome Evaluation Grid
Student
Activity
Design
house
model

Specific
Verbiage

Remembering

Understanding

Applying

Analyzing

Evaluating

Creating

retrieving
recalling
recognizing
interpreting
selecting
assembling

x

x

x

x

x

x

Note: All Tutorial #1 activities were carried out in Tutorial 2 so only the added activity
was placed into the table with the understanding that all the other activities also
occurred.
Figure 4.3: Tutorial #3 Outcome Evaluation Grid
Student
Activity
Import
drawings
Applying
labels

Ties to
drawing

Specific
Verbiage

Remembering

Understanding

Applying

Analyzing

Evaluating

Creating

retrieving
recalling
recognizing
interpreting
selecting
recalling,
recognizing
repeating
locating
employing
testing
selecting
producing
retrieving
recalling
recognizing
interpreting
selecting
constructing
producing
assembling

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Looking ahead to the actual employment of the tutorials in a drawing unit requires
a method of evaluating student achievement to determine if the tutorials will be
successful at implementation. To assess student learning regarding CAD concepts, the
Practice assignments at the close of each tutorial will be compiled into a portfolio and
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turned in for a grade. The sample grading rubric for Practice Assignment 2 (Figure 5)
shows how each will reflect attention to the objectives laid out on the closing slide of
corresponding tutorial where the assignment criteria are explained (Figure 6). This will
effectively measure student comprehension of Google Sketch Up utilities.
Figure 5: (Sample Grading Rubric) Practice Assignment 2 Grading Rubric

Figure 6: Closing Slide Practice Assignment Criteria
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The deeper objective of better spatial conceptualization will be evaluated
separately. The best form of appraising tutorial usefulness regarding spatial
understanding appears to be through the use of a pre- and post- test. This will consist of a
quiz (Figure 7) in which students will need to match the 3D drawing of an object with
either its front or right side view. The same quiz will be administered both before and
after the use of the tutorials to see if there is a change in spatial conceptualization. The
only instruction given between the pre- and post-testing will be the tutorials; therefore
any change in performance can be directly linked to the tutorial use.

Figure 7: Pre- and Post-Test for Spatial Conceptualization
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Anticipated Findings
It was expected that the tutorial development would be successful in producing a
helpful, educational tool that addresses the needs of the student insofar as the design itself
and student engagement and motivation. However, it remained unlikely that each tutorial
activity would require only higher level thinking skills, although the goal remained to
achieve such as often as possible. This researcher fully intended that the tutorials would
show a natural scaffolding effect in which the first would likely reach only the lower
level thinking skills as the information presented there was meant as an introduction.
Each successive tutorial would then be less informational and more an exploration of the
software and its functions giving students opportunity to make choices based on their
own ideas, questions, or aptitudes and thereby achieving higher cognitive learning levels.
There was evidence that the success of the tutorials may be somewhat
overshadowed by the incredible amount of time invested in the development of effective
tutorials. The planning and editing stages, although integral to achieving an engaging and
motivating product, were time consuming and quite tedious. For these reasons it remains
necessary to weigh the value and significance of tutorial use among students to the
immense investment required to produce them in order to determine if the time invested
is well spent.

Conclusions
One introduction and three prototype tutorials were produced for study in this
project. The introduction displays examples of past student work. Each tutorial illustrates
how to use Google Sketch Up Pro through screencapture video with voice narration of
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various functions. The conclusion of each tutorial includes a task for the student to
complete through application of material covered in the presentation.
The introduction consists of a compilation of past student work. It is meant as an
attention-getter, showing the possibilities and capabilities of the software. Something to
“hook” students by peaking their interest; illustrating why viewing the tutorials is
beneficial to them. It was originally supposed to be part of Tutorial #1 but after careful
consideration it seemed logical to have it be separate so that it can be viewed together as
a class if desired.
Tutorial #1 shows how to locate the program on the computer, familiarizes
students with the basic tool functions, demonstrates how to make simple shapes, and
gives an overview of the practice assignment.
Tutorial #2 demonstrates how to connect shapes together to create new objects. In
this case students are asked to model a house with a door, stairs, windows, and add two
options of their choice as well as add rendering.
The third tutorial prototype illustrates the modeling of a familiar object; the Lshaped block used in the classroom drawing lesson. After creating the object, the steps to
labeling its orthographic projection views are demonstrated, two new tools are
introduced, and students are shown how to import previously saved drawing files into
new ones. Finally students are presented with the assignment, which includes the
independent modeling of the L-shaped block. This is the only tutorial that was originally
fitted with captions. Upon completion, it became clear that all tutorials should include
this feature for presentation clarity. Thus each recording was revisited and captions were
added.
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The four research questions outlined at the beginning of the project were revisited
upon completion of the prototype tutorials to determine the success level of the endeavor:
What Human-Centered Design (HCD) and Interaction Design principles best
promote effective tutorial use through increased motivation and engagement?
Through study of how the HCD principles were addressed in the tutorial design,
inclusiveness, malleability, and purpose emerge as the most important characteristics in
motivating and engaging students. This is concluded based upon the premise that by
making students feel a part of the learning experience through designs that address
accessibility, accommodating the user, giving the user some control, and clearly sharing
the objectives, there will be an increase in the overall motivation for and engagement in
the activity. In the prototypes inclusiveness is addressed by making the tutorials
accessible by all students. The purposeful use of highly contrasting colors accommodates
those students with visual difficulties. In addition, the entire tutorial series utilizes
captions as a means of alleviating any auditory issues. Before implementing the tutorials
in the classroom, headphones will also be made available for all students.
The tutorials empower the student with controls such as play, fast-forward, pause,
and rewind but even further by including some choice in how the concluding activity is
carried out. In each tutorial the student is made aware of the purpose of participating in
the information exchange. Interaction Design guided the entire process as the goals and
objectives of the tutorials defined and determined the final design.
How can tutorials better meet the needs of students regardless of learning
style and current mastery level as compared to current methods? The prototype
tutorials are self-paced and provide instruction in three modes: visual, auditory, and
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kinesthetic/tactile. Presenting in all three modes indicates that the needs of all students
are adequately addressed regardless of preferred learning modality. Because the series
begins at the introduction stage and moves through to higher levels, it provides a natural
scaffolding for beginners or struggling students yet allows those with more competence
to continue to progress at a faster pace.
What tutorial design specifications will best address the improvement of
cognitive learning skills and higher level thinking order? Every tutorial in this project
concludes with an activity in which students are called to put the information from the
presentation into action. When a lesson is followed up with an activity that requires the
application of the information, greater cognitive learning is achieved because it is
practiced. Each assignment has an open-ended component where students can try out a
function or otherwise go beyond merely emulating the presentation. By asking students to
add a unique element, students are accessing higher level thinking order through the act
of evaluating and creating.
How does tutorial use relate to Bloom’s Taxonomy of Cognitive Learning
Outcomes? The prototype tutorials developed in this project aligned well with the
cognitive learning outcomes as outlined by Bloom. The student activities in each tutorial
were assessed using verbiage from the taxonomy in order to determine the extent to
which students would be achieving Higher Level Thinking Order (HLTO). The results of
comparing the activities to the verbiage proved that students are being asked to not just
know and recall, but then to choose, examine, experiment, construct, and design; all
verbiage associated with the four highest levels of Bloom’s cognitive learning outcomes.
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The tutorial prototypes show that there is great promise in achieving higher order
thinking skills through the use of well-designed tutorials. The evidence clearly shows it is
through the careful planning and adherence to HCD that tutorial use can advance student
learning beyond merely recalling information.

Future Study
Overall the prototype tutorials appear theoretically sound for classroom use. They
all met higher than expected levels on Bloom’s Taxonomy. This is a direct result of the
embedded student activities, most especially the open-ended nature of each. Giving
students the opportunity to make decisions within the assignment moved the activity to
higher level thinking order.
Of the three prototypes developed, the third installment was the best. This is
credited to both more experience with tutorial production and software use, and the initial
addition of captions. It should be noted that after realizing the value of captioning,
captions were added to tutorials one and two thus making them more accommodating to
all student users.
Carefully designed tutorials may indeed be valuable, however the development of
effective tutorials takes an incredible amount of time and energy. Therefore the
determination of whether the results warrant the investment is one that must be answered
based upon the needs of the user and the objectives specific to the content. Interestingly
these are the same two considerations set forth at the onset of the actual design of the
tutorial prototypes.
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Appendix
Appendix A: Accessibility Issues
Accessibility is directly related to Cooley’s inclusiveness component of Human
Centered Design. In an attempt to accommodate the needs of all students captioning,
careful use of colors in graphics, and research was completed to better understand the
“Universal Access” functions inherent to the Mac computers used in the author’s school
district. In addition a special education teacher was asked to view and evaluate the
tutorials on their anticipated effectiveness in addressing student needs.
All tutorials were equipped with captioning. Having the dialog delivered in
written as well as verbal form eliminates auditory issues and clarifies the instruction. To
aid in this regard, headphones will be used by students while viewing the tutorials.
Before recording the screencapture, the desktop was cleaned up by consolidating
folders in an effort to reduce visual clutter and avoid distracting young users. The Power
Point slides reflected a similar attention to simplicity utilizing limited, yet high-contrast
colors alongside simple and subtle graphics. While editing, some curser enhancements
were added to draw attention and highlight importance. This was especially useful in
tutorial #1 as it was the introduction to the software, its tools, and their functions.
According to Mac OSX 10.6 Help (2012), Apple provides “Universal Access”
software within all their Mac computers. It offers many adaptive features such as zoom
screen, voice-over, and enlarged pointer capabilities. In addition, screen display options
include black on white or white on black as well as other contrast options to suit the
visual needs of users. These functions can be used in conjunction with the tutorials to
enhance the displays for students needing such accommodations.
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Christina Brokaw, a Special Education Teacher and colleague, was invited to
comment on the tutorial design in regard to accessibility accommodations. Overall she
was impressed at the attention given to both visual and auditory presentation such as
contrasting color choices, captioning, and the user-friendly venue that screencapture with
voiceover imparts. Brokaw also liked that the tutorials would be accessible outside of
class if so needed. She did offer some thoughts on how the tutorials might be used by
students operating at lower comprehension levels. She suggested that such students may
be more successful if tutorials were played in split-screen with the Sketch Up program so
tasks could be completed one step at a time mirroring the demonstration. Her idea is
valuable and could be easily accommodated by adding some pauses to give students time
to complete the task before the next is shown. (C. Brokaw, personal communication, May
14, 2012).
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Appendix B: Tutorial Scripts
All tutorials were carefully planned and scripted before the actual recording
commenced. TechSmith (2012) offers free educational tutorials to aid in using their
software. They highly recommend writing a script as this greatly reduces the amount of
editing while insuring accuracy, clarity, and educational effectiveness.

Tutorial #1: “Welcome to Mrs. Brant’s Google Sketch Up Pro tutorial series. This tutorial
segment will introduce you to GSU Pro 8. At the end of the tutorial you will be asked to
complete a practice assignment using information from the tutorial demonstration. In this
segment that will include drawing some shapes using GSU.”
[demonstration and verbal walk-through of locating GSU on the computer then open
GSU screen]
“Now that you know how to find and open GSU, let’s look at the tools and their
functions.”
[Select each tool one at a time and verbally tell what it does, while demonstrating it,
pointing out that the name of the tool is displayed when the curser hovers over it. ‘line,
rectangle, arc, circle, offset, how to change a dimension’ Then make 3 shapes and
push/pull them into 3D]
“Now it’s your turn! Open GSU and try making some 3D shapes of your own. Use pan,
orbit as needed to rotate and color them. Remember you can always go back to the
tutorial for help. When you’re done, save your drawings as ‘intro assignment’ so you can
turn it in for a grade when asked to. But right now, get sketching!”
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Tutorial #2:
“Welcome back! In the last tutorial we saw what Google Sketch Up Pro can do and
looked at the tools of the software. Tutorial #2 is about combining and refining shapes.
We will start by drawing a rectangle and reproducing it by copy/paste. Then we’ll place
the new one by the original and keep pasting additional ‘bricks’.”
(Additional speaking was carried out as the steps to completing the drawing were
demonstrated) “So we have learned to copy/paste and place objects strategically using
snap locations. Now let’s do something different. Select new rectangle and push/pull it
up. Cut it in half using snap-to-midpoint. Now select the line. Use the move tool to lift it
up. We have a little house. It needs a door and some windows. Now how about some
stairs. OK now it’s time for you to sketch and practice what you have learned.”
[Change view to practice slide.]
“Open GSU and make a model house using the toolbar. Make sure to add windows,
doors, steps, and two other details. Then use the paint bucket to add color and/or texture.
Save your file as ‘model house’ so you can use it and print it later for a grade.”

Tutorial #3:
“Hello again and welcome to tutorial #3: Reviewing Orthographic Projection., a.k.a.:
front, top, and right side views. This tutorial is also going to introduce two new GSU
tools and show you how to import a saved drawing file into a new one. As you watch,
keep in mind that you will have assignments to complete using the information in this
tutorial. The first assignment will be to complete the modeling exercise demonstrated in
this tutorial.
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First let’s open GSU. Select the rectangle tool and make a rectangle beginning at the
origin. Dimensions don’t matter for this so don’t worry about it. Just make it a size that’s
easy to work with without zooming in and out very much. Push/pull your rectangle and
make the height close to its length so it resembles a square. Now go back to the rectangle
tool and use snap to midpoints to create a square on the face. Push/pull again and remove
this square. The shape should look familiar. You’ve created a model of the L-shaped
block we used in the classroom the other day. Now we’re going to label the orthographic
projection views-front, top, right side. Remember…the front view always shows the most
about what the object looks like. In this case it will be the face that looks like an ‘L’ since
all the others are really only rectangles.
I’ll use pan/orbit as needed to get the L-shaped block situated so all I see is the ‘L’. I’ll
select the line tool and use it to write an ‘F’ on the face of the front view. Using orbit and
pan again I will turn the block so I can label the top. I know which is the top view
because it is always directly above the front view. Again I’ll use the line tool to create a
‘T’ but this time notice we don’t have a single face, there are two surfaces in the top
view. I have to put a ‘T’ on each. Going back to the front view now I must turn the block
one last time to reveal the right side and again. This view has two surfaces and therefore
also needs two labels.
Since the line tool does not make curves, we need to select ‘freehand’. Freehand is tricky
and you may need to select, erase, and start over until you get used to how it works. But
with practice this will become easy. I’ll write an ‘RS’ on each surface to show this is the
right side view. Now using pan/orbit I’m going to position the block so all three views
are showing. This 3D view is similar to the isometric cube drawings we did in class.
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Three sides of the L-shaped block are visible at this angle and because of our labels we
know what sides they are: front, top, right side.
The first part of your assignment is to complete this L-shaped block exercise. When you
get the block created, labeled, and positioned so all orthographic projection labels show,
save the file as ‘L-shaped block’ and print it. For the next part of the assignment we need
to open a new file as well as access our saved GSU files. So let’s start by opening a new
drawing file. Now go back up to file and go to open recent where you should see ‘house’
and ‘intro assignment’. Let’s choose ‘intro assignment’. We will need to move these into
individual files in order to label them without the cutter of the other objects.
I’d like to start with the triangle so I’ll choose select, and just like most programs, I will
highlight my model by dragging a box around it. Once it’s selected I can go to edit, copy
then back to my new file and click edit, paste. Keyboard shortcuts work as well.
Now I’ll use orbit/pan to determine the front view. Which one shows the most? The one
that looks like a triangle? Yes, because no other view tells more about the object. So I
will label that face with an ‘F’ for front. And just like with the L-shaped block, I will
continue using orbit and pan until I have labeled the top and right side views and then I
will position it so all labels are showing, save it as ‘labeled triangle’, and print a copy.
Once again, it’s your turn. If you get confused or need help, you can always watch the
tutorial again. Use fast forward and rewind to get to the parts of the tutorial you need.
Remember there is also help built into GSU itself. Go to help at the top of the window
and click ‘welcome to Sketch Up’. There are tips and tutorials available there. But right
now, it’s time to get sketching.”
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Appendix C: Student Handout-Additional References
Students should be aware of the free software download that gives opportunity to
use the program outside of school. In addition, outside resources are shared in the event
students need assistance beyond the tutorial demonstrations and instructions.

Name______________________________

Technology Education

Google Sketch Up Help Sheet

Like Google Sketch Up?
Google Sketch Up is a free download at http://sketchup.google.com/download/
**Make sure to check with your parents before downloading this or anything from the
Internet.**

Need help?
Google Sketch Up help options
1. http://sketchup.google.com/training/videos.html
2. http://www.youtube.com/watch?v=eytIbyXzCMQ
3. You tube also has a whole Google Sketch Up channel devoted to providing video
help to users. Go to You Tube and search “Google Sketch Up Channel” to use it.
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Appendix D: Tutorial Links
The introduction and all tutorials were uploaded to Screencast.com and below are
the links to view them. For classroom use all videos will be accessed via links entered
into the school’s web platform, a system preventing students from straying to other
internet-based videos.

INTRODUCTION TO TUTORIALS: PAST STUDENT WORK EXAMPLES
http://www.screencast.com/t/vMubLMzL

TUTORIAL 1
http://www.screencast.com/t/8sLsCTaNW2Gx

TUTORIAL 2
http://www.screencast.com/t/QEisPerXyG

TUTORIAL 3
http://www.screencast.com/t/SzNPD1qp
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