ABSTRACT

SUTTON, KEVIN GREGORY. Investigating Performance Assessmierdctices irPost
Secondaryundamental Technic&@raphics Courses arieliability of a Current
Performancéssessment Metho@Under the directiowf Dr. Aaron C. Clarkand Dr.
Cameron D. Densgn

Performance assessment is a common method of determining proficiency and what
students can do with that knowledge. Students in engineering design graphics caages en
in performance tasks, such as creating technical sketches or solid computer models of parts,
and instructors must determine how well students can execute tasks aligned with the course
objectives. The extant literature contains documented changesobjdctives taught in the
classes, skills required for industry, and n
desired skills. Documented approaches to assessing student performance in engineering
design graphics courses are presented and aséatther investigation. This study examines
the current performance assessment practices utilized Hs@astdary introduction to
engineering design graphics (EDG) courises twopart study

A web-basedsurvey was developed, distributed, and empldgeadvestigate course
performance objectives, the importance of performance assessment, type of work assessed,
and performance practices in introductory EDG courses. Responses from current
introductory EDG instructors providensightsinto the current pactices angbrovided
participants for follow-up study that investigated the reliability of current performance
assessment methodsan introductory EDG course

Three example projects of different quality were randomly selected from existing
studentportfolios. Theprojects werestrat i f i ed by t he pprovjdedby sdé gr a

the original course instructor. They were then sent to current instructors at other institutions,

along with an existing performance assessment task and assessment ihsgoones



provided by thenstructors weranalyzed with KruskaWallisand posh oc Dunné s

determine if there waa difference in the scores given by eight introductory EDG instructors.

Inter-rater reliabiliy, project, and type of work wereeasured to examine the consistency of
ratings provided by the participants. Results of the study were consistent with other
investigations of interater reliability for rubrics in teatical graphics courses. Thesas

some ovetreliability but still roomfor improvement in the area of consistency for

technical graphics performance assessments methods.
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CHAPTER 1: INTRODUCTION
Introduction

Higher education places heavy emphasis on measuring student achievement of
educational outcomes that are not only used for grading, but also research, course
improvement, and accreditation to hold institutiassountable for student learning (Deming
& Figlio, 2016). Preparing students to enter competitive careers that require not only a solid
foundation of knowledge, but also the ability to solve complex problems, perform specific
professional performance tasksd continue lifdong learning requires assessment of not
only student knowledge, but aldwe ability to apply knowledge in practical ways through
performance assessment (Baartman, Gulikers, & Dijkstra, 2013). The concept is hardly new
andhasseennem us names i ncloudifirad tfeawtah @ rvteioc @ s s es s
of higher education are increasingly utilizing performance assessments to provide outcomes
measures of student competency and program effectivaBaasgrfian et al., 2006
Cunmmings Maddux, & Richmond, 200&imon & ForgetteGiroux, 20@) and can be seen
in various forms including essays, performance tasks, demonstrations, projects, portfolios,
and games or simulated environments (Pearson, 2018).

Performance assessments may haveiphellcorrect answers or variation in quality of
response that require reliable measurement that can consistently distinguish between different
levels of quality for meaningful comparison (Allen & Knight, 2009). The use of rubrics in
higher education hag@vn with benefits cited, including improved consistency and accuracy
of marking, finer differentiation between assignments, facilitated process for feedback, and
feedback for course improvement with published studies of rubric use in medical fields,

liberal arts, management, education, and technology (Hack, 2015; Loveland 2005).
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Judgments made by the individual instructors determine student scores but also involve
decision making about how well the students are learning the objectives as well as inform
dedsions about the student, instructor, and overall course achiev@dadmh, 2014; Khattri,
Reeve, & Kane, 1998ven though the use of a rubric can ameliorate inconsistencies in the
scoring process, the use of a rubric alone does not guarantee rel@bitiganingful results.
Reddy and Andrade (2010) indicate that:

éthe value of rubrics in identifying the

learned, and of providing detailed, critespecific feedback to instructors and

departments on which ofdke understandings and skills have been mastered by
students and which have not. As a result, the rubrics informed the process of making

improvements to courses and instructions. The key to this process, of course, is a

clear, valid and reliable rubric, thiout which the method is useless at best and

possibly even misleading. (p. 441)

Rater reliability is the most commonly studied condition of validity in rubric
development that looks at the consistency of ratings made by two independent raters, inter
raterreliability, and by the same rater at two different points in time,-natt@r reliability
(Moskal & Leydens, 2000). Reliability studies based on the foundation provided by Shrout
and Fleiss (1979) provide insight into the consistency of grading prec€xsasistency in
ratings is necessary to fairly evaluate each student and provide data to support effective
instruction of learning outcomes. Processes for developing and refining rubrics to improve
reliability exist, such as Allen & Knight (2009), barere not always utilized in developing

and implementing performance assessments.



Technical Graphics

Technical graphics is a field that utilizes performance assessment on a large scale in
higher educationThousands of students each year enrdilimdamenrdl technicalgraphics
courses in postecondary institutions that offer engineering degrees in the United States.
North Carolina State Universibyenrollment statistics report thaf18 students have taken
theFoundations of Engineering Graphasursein the past 10 years. These courses prepare
students withthetheory and methods for communicating, recording, and solving problems
graphically and are a commonly required course for students enroteghiyengineering
majors. Skills learned in these cees, such as interpreting technical drawing information,
make students more enticing to future employers (Martinez, 1999).

Over time, arriculum and assessment of student objectives have changed in these
courses due to several developments, includingging technologiesaccreditationand
university requirementsiccreditationagencies ensure that university programs produce
graduates ready to enter a global workforce. For engineering, ABET requires that graduates
are able to communicate effectively amgk the techniques, skills, and modern tools required
for engineering practice (ABET, 2016a). To be accredited, programs must state what students
are expected to know and be able to perform upon graduation, along with assessments of this
knowledge to detenine the degree outcomes are being attained and utilized for continuous
course improvement (ABET, 2016a).

Along with the push for accreditation, advancements in computers and software have
changed the tools and practiceshe engineering field, whichr@reflected in the content of
introductory engineering design graphics courses. In 2006, Clark and Scales noted the

diminishing use of hand drawing tools with a shift towards tdiseensional (3D) solid



modeling using Computer Aided Design (CAD)arogams. Barr (2012jurtheredthe call

from the Engineering Design Graphics Division (EDGD) of the American Society for
Engineering Education (ASEE) for students to be able to interpret and create CAD models
and engineering drawings.

There have been multiple caiis the graphics literature for additional focus on
assessment: fAThere seems to be a consensus O
needed for measuring gains in knowledge and
11). Clark and Scales (2003) eelddhe need for attention to our methods for assessing the
content we teach due to the changes we have seen in the pasnhayf. Another
perspective explainedi¢ the issue of testing whether students can use CAletiesolid
model s and drawings needs to be addressedo (
demand for focus on hote assess student performance exdent.

Students in fundamental technical graphics courses often cothpégfermance
tasks, suclas reverse engineering design projects at the end of the semester, to demonstrate
their ability to meet course outcomes including the ability to interpret and create CAD
models, engineering drawings, and assemblies (Barr, Krueger, Wood, & Pirnia, 2014;

Branoff, 2007).Students at some universities, such as North Carolina State University, are
assessed on their reversgimeering design projects that required students to make sketches,
models, plans, and an assembly from an existing patti object suchsaa flashlight to
demonstratenultiple different skills taught in the course. Multiple instructors individually

rate studentsdéd ability to create technical S
assemblies, but the extent the instructors sgaaligns is uncertain. Judgments made by the

individual instructors determine student scores but also involve decision making about how
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well the students are learning the objectives as well as inform decisions about the student,
instructor, and overall evse achievement.

Grading methods of these assessments vary throughout the literaturappitiaches
includecognitiveinterviewing,as seen in Menary, Robinson, & Belfé2011) and suggested
by Braroff & Dobelis (2014; using computer grading schem@sailf & Fraser, 2013Baxter
& Guerci, 2003; Kirstukas & AmayBower, 2016)and instructoideveloped criteria
instruments, referred to as rubr{&arr et al, 2014; Branoff & Dobelis, 2012, 2013, 2014;
Mclnnis, Sobin, Bertozzi, & Planchard, 2010). Challestp effective assessment incldde
the consistency of raters (Branoff, Devine, & Brown, 2016), large class sizes, the time
required to grade student work (Goh, Shukri, & Manao, 2013; Kwon & McMains, 2015), and
assesslesign intent (Devine & Laingen, 2013)

Rationale

Fundamental technical graphics courses in-pesbndary institutions in the United

States have seen significant changes in the content and p(@ttide& Scales, 2006; Barr,

2012)due to the significant changes in technology and policg.imblusion of constraint

based computer aided design (CAD) i-outso t he c

of solid models or drawings is no |l onger
(Wiebe,Branoff, & Hartman 2003, pp. 7). Largelass sizén these fundamental courses has

lead to a variety of approhes to assess student artifadisese assessments wased to

suf

make judgements ab ouiwersatpartdfehe stident'sgnade bswelias n c y

provide data utilized foinstructional improvemen&i gni f i cant pogratesons
weredetemined by performance assessmami decisiongveremade with this data

(Baldizan & McMullin, 2005; Elrod & Stewart, 20050)his research addressea issues

of



related to the assessment of student work in these fundamental graphics courses.

First, dscussion of different assessment practindbe literaturegrovide the
advantages and disadvantages for each approach but do not explain the extent to which they
are being used. The grassroots development of these assessment aistiimais the
ability to determinelte extent that these methods watibzed. This researchelped clarify
the type of student artifacts generated and assessment methods utilizethmédntal
technical graphics courses. Data related to current assessment practicdiastsisttors,
course developers, and other researdnersakinginformed decisions.

Secondlymostcourses with large enroliments empoynultiple instructors and
teaching assistants thaereresponsible for teaching and assessing students. Knowing the
consistency of scores assigned by multiple assessors using these assessments methods
regardless of the instructor or section of the cquinéermsthe extent comparisons can be
madebetween score@llen & Knight, 2009. Even though sample rubriegereavailable as
examples for the profession, these instruments need to be investigated to determine their
ability to help raters consistentlgare student work across sections, instructors, or
universities Of all the grading schemes suggested in the technical graphics literature, Branoff
et al., (2016) providiethe only study that investigates the quality of their rubric to determine
the relialility of grading across multiple graders. They suge@#iat additional reliability
studies should be completed to investigate the quality of performance assessment instruments
used in these courses. This study furthered their investigation of the epogist assessing

student work in fundamental technical graphics sesirand demonstrated a methodology to

adapt Allen & Knightoés (2009) steps for rubr

assessment instruments in the technical graphics field.



Statement of Problem
The intent of this study was to clarify performance assessment practices utilized in
fundamental technical graphics courses and investigate the reliability of an existing
assessment methddlithout this research, thdegree of scoring consgstcy wasunknown,
and the student assessment data might be potentially useless or misleading for student grades
and course improvements.
Research Questions
1) What is the status of performance assessment in fundamental technical graphics courses
at postsecaary institutions?
i) How many students are assessed in these courses?
i) What student learning objectives are assessed?
iii) What type of student work is assessed?
iv) How is each type of student work assessed?
2) Are course instructorat the possecondary levedble todifferentiate between the glity
of student work on reverse engineering projects in fundamentatsédacraphics
courses using aexisting assessment instrument?
3) Is there significant correlation lveten rater scores when using an exisfiadormance
assessment instrument?
4) Is there significant interater agreement for criteria of &xisting performance
assessment instrument?
Methodology
This research first clarified the status of performance assessment to determine course

objectives, types of studewbrk assessed, and assessment methods withiEnthireering



Design Graphics Divisio(EDGD), of the American Society for Engineering Education
(ASEE),membership. A literature revieprovided information on thi#ends and areas of
ambiguity surrounding stlent performance assessment within the membership. Questions
were developed about the emerging trends and put in an electronic sumixaysity faculty
from three institutionsvith expertise in statistics, technical graphics, performance
assessment, amstirvey developmentith a documented record of expertise in the topic
reviewed the survey farontent, sequencing, wording, and question type for face validity.
After thisreview, theweb-based survey was sent to 2BDGD members via email.
Participationwas encouraged sendingweekly follow-up emails for three weeksit were
stopped after the responses ceased. THim&Qesponses provide data that were analyzed to
determinghe performance assessment trends thapeseidedin chapter four.

Thesecond purpose of this studywasite e Al Il en and Knight o6s
to investigate the reliability of the performance assessment practices utilized fof- end
course assessment in an introductory technical graphics @sudsscribed bBranoff
(2004), which issimilar tothat ofBarr, Schmidt, KruegegndTwu, (2000) The assessment
requredstudents to create technical sketches, 3D solid models, engineering drawings, and
part assemblies. Three exististydentprojects were randomly selectdtht demonstrated
three quality levels of work from a set of projects created in a previous seatddteth
Carolina State Universitylhese projects and instructions for participating in the study were
emailed to the participants identified by the idisarvey data. All the participants were
currently teaching a fundamental technical graphics course utilizing the same proprietary
modeling softwarehat the projects were creatdtight of the twelve participants

individually assessed each of the projettse data were analyzed in STATA 14.2 to



investigate thguiding research questions.
The statistical tests were selected based on the population, sample size, use in
previous studies for comparison purposes. Each of the tests weparaonetric due tdhe
small sample size and are further discussed in the third chagterebces between the
meanscores provided for each project and type of work in the projei compared with
the Kruskalwa l I i s (1952) H test. Dunnwhere (1 1964) tes
differences existedRat er correl ations were assessed wit
Coefficient and instrument reliability was compared with htlieess correlation coefficients
as seen in Brano#t al.,(2016).An overview of the methodology can been inFigure 1.1

andanin depth rationale found in chapter three.
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AReview of literature on learning objectives, engineering graphics learning objectives,
performance assessment, assessment practices in engineering graphics courses, rubrics,
Literature | and rubric reliability.
Review

AQuestions developed to collect demographic and course information related to
performance assessment in introductory engineering design graphics courses.

ASurvey reviewed by university faculty with expertise in technical graphics, surveys, and
Questionnair: statistical research methods.

AReviewers looked at wording, order, and completeness.

Developmen AEdits made and approved by all reviewers.

AThree example projects randomly selected from stratified pool of existing student
projects.

Reliability | AAll student identifiers removed and files consistently renamed and organized into folders.

Study AExisting project brief and assessment instrument included with projects in file.
Developmen.

Institutional | AProcedures and instruments reviewed and approved by NC State IRB.

Review Boar
(IRB)
Approval
ASurvey sent to active EDGD email list (n=200).
AFollow-up emails sent once a week for three weeks.
250 responses with 39 currently teaching an introductory engineering design graphics
Survey course at a post secondary institution.

AFrom the 39 instructors completing the survey, 12 agreed that they would participate in a
follow-up study and had the required software to open and examine the student wark.

AEach of the 12 qualifying participants were sent the project brief, assessment instrument,
Reliability | @and three example projects.

Study AA follow up of participants was conducted weekly to encourage completion.
AA total of eight participants provided ratings for each of the three example projects,

ADescriptive statistics for survey results.
AruskaFWallis H test for difference of scores by project and category.
APosthoc Dunnods test to determine which project:

Data Analysis ASpearman's Rho and Intcéass Correlation Coefficients calculated for rater consistancy
and instrument reliability.

Figure 1.1:Graphical overview of methodology
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Limitations and Assumptions

Some limitations and assumptions are inherent in the design of this study.

First, the 2016017 EDGD directory was used to create a list of email addresses to
solicit participants for this study. Not all pestcondary introductory engineering graphics
instructors are active members of EDGD, and tieer® availablairectory ofall instructors.
This study utilized instructonsho were active in EDG[Ohereforethe resultseflectEDGD
members that were currently teaching fundamental technical graphics courses.

Second, the study assunthdt all participants in the followp stuly utilized the
provided performance assessment instrumentampleted their ratings individuallyhe
instructions provided that these conditions should be met. However, not being present during
the rating process due to distance between participamitedi the ability to ensure that these
directions were followed.

Third, the followup study usedn example project and three samples from the
resear cherThese puojectswere stratified based on the scores provided by the
instructor who taudithe course and the reliability of these scores is untested. With other
instructors the scores from these projects may have been different and placed them in other
guality categoriednter-rater reliability and ability to differentiate between scores heaxe
differedon other performance tasks or with other example projects.

Definition of Terms
Commonly used terms with explicit meaning for the researchefoaride sake of

this study are defined as follows:

~

Agreement : Aéi s t he ralimygareadentidaldKotmériet@alh s cor e

2011, p. 668).0
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Assembly: AA collection of parts and/ or s
make a device or structure that performs a specific function (Lieu &
Sorby, 2016,p. &4 ) . 0

As s ess ment orepgrocessedtmeidentity, cattect, and prepare data to
evaluate the attainment of student outcomes. Effective assessment uses
relevant direct, indirect, quantitative and qualitative measures as
appropriate to the outcome being measured. Appropriatelisgmp
methods may be used as part of an assessment process (ABET, 2016,
para. 4) .0

CAD: i C eatigd dirbveng. The use of computer hardware and software for the
purpose of creating, modifying, and storing engineering drawings in an
electronic format (Lie& Sorby, 2016,p. & . ) . 0 Al so, A Co mp
aided design: The process by which computers are used to model and
analyze designed products (Lieu & Sorby, 2016,8. . 0

Constraintb a s e d CorsBaintbased CAD toolsreate a solid model as a series
of feaures that correspond to operations that woulddssl to create
the physical object. Features can be created dependently or
independently of each other with respect to the effects of modifications
made to thgeometry. The geometry of each feature isatied by
the use of modifiableonstraints that allow for the dynamic update of
model geometry as the design critarieange. While terminology
within the literature varies, ideas of parametagsociative, feature

based, and dimensiairiven will be induded in this definition
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(Hart man, 2003, p. 10).0
ia: A... (also called traits) are t
(Arter & Chappuis, 2006, p. 3).0
g: AA collection of images and ot he
to represent physical objects or processes for the purposes of
accurately recreating those objects or processes (Lieu & Sorby, 2016,
G5). 0
tion: A...one or more processes for
accumulated through assessment processes. Evaluation determines the
extent to which student outcomes are being attained. Evaluation results
in decisions and actions regarding pwog improvement (ABET,
2016, para. 5).0
ater agreement: Aéis the degree to

results under similar assessment conditions (Kottner et al., 2011, p.

668) . 0

| nt err at er iseqevalenatb thd consesicy of &céres from different

raters across all students (Liao, F

Performance Assessment: "...Engaging and worthy problems or questions of

importance, in which students must use knowledge to fashion
performances effectively arwleatively. The tasks are either replicas
of or analogous to the kinds of problems faced by adult citizens and

consumers or professionals in the field (Wiggins, 1993, p. 229)".

Program educational objectives: duates. ar e b
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are expected to attain within a few years after graduation. Program
educational objectives are based on
constituencies (ABET, 2016, para. 2
Rater: AEvery person who makes a jlydgemen
2011, p. 668).0
Rubric: fiéa document that articulates the
the criteria or what counts, and describing levels of quality from
excellent to poor, o0 (Reddy & Andr ad
Student Out chemasstudefits are.expecedte knaw and be able to do
by the time of graduation. These relate to the knowledge, skills, and
behaviors that students acquire as they progress through the program
(ABET, 2016a, para. 3).0
Threedi mensi onal ( atiejnatiddlonmbaeling whgre thefiappearance,
volumetric, and inertial properties of parts, assemblies, or structures
are created with the assistance of computers and display devices (Lieu
& Sorby, 2016, p. & 5) . O
Summary
Determining student learning objectives and assessing student perfoanance
ongoing challengefor fundamental technicgraphics course designers and instructors.
Multiple approaches to assessing student learning outcomes through performance assessment
exist, but the extent of their usage was unknoire first goal of this researetas to gather
empirical data to provide an overview of performance assessment practices used in

engineering design graphics courses at thegmsindary level by surveyingmrrent
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instructors Also, reliable scores on performance assessment are necessary to make
meaningful comparisons between the scores (Allen & Knight, 2009) and the documentation
scoring reliability in engineering design graphics are limited (Branoff 2@l6). The
second goal of this research lookddhe reliability ofan existing performance assessment
instrument and methods used to assess students on their final reverse engineering design
projectat t he r e s e a Swrbhuading lgeratugamethcals far theé syudy, results,

and implications follow.
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CHAPTER 2: LITERATURE REVIEW
Introduction

Understandingerformance assessment practice in the technical graphics field
requires looking at the epistemology of learning, curriculum, anbpnance assessment as
a whole along with how this relates technicalgraphics. This chapter provides an overview
of the historical context and existing literature surrountlegassessment sfudent
learningoutcomesn thefundamental technicgraphics coursethat support this study.
Curriculum

Curriculum refers to the knowledge and skills that students are expected to learn
throughout an educational sequerineluding all content learning objectives, assignments,
activities, lessons, and assessments (Curriculum, 2014). More analytcaityiculum
reflects a cultural understanding of what students should know and be able to do to benefit
society (Westbury, Hirsch, &ornbleth, 2015). Researchers and organizations work to
determine content and practices that are appropria¢athstudentsn orderto prepare
them for industry practice.

One organization that focuses on ensuring that engineers are adepregiahgd for
industry is The Accreditation Board for Engineering and Technology, Inc. (AB&I6H
thatprovides accreditation fgrostsecondary institutions in the fields of applied science,
computing, engineering, and technology. Tdriganization wa$ o u n d 2932 as the
Engineersd Council for Professional Devel opn
dedicated to the education, accreditation, regulation, and professional development of
engineering professionals and students in the Unitad &ta 6 ( A B,ipdra 1). ARET 6 b

(2016b) suggestdtiat a conglomeration of engineering societies and associatiovise
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the basis foexpertswho determine the standartisatengineering students should know and
be able to do as defined by the Enginegrccreditation Commission.

Of these criterigthe student outcomes are of particular interest for tangaged in
curriculum developmentThe discipline okengineering design graphicsfazused on
outcomes (g) that requistudents to be able to commicate &ectively and (k) that require
students to use the techniques, skills, and modern engineering tools required for engineering
practice (Barr, Krueger, & Aanstoos, 2004).

Student Learning Objectives

Gagne (1985) defindearning as a proceghatchanges studentispositiors and
capabilities thatheir behavior should reflecEtudent learning objectivese the educational
goals that determinthe knowledge or skills that individuals should possess at the end of a
learning sequence.

Multiple learningtaxononies thatdefine thecreation and assessment of educational
sequencesxist(ex. Biggs & Collins,1982Bloom et al., 1956; Fink, 2003; and Webb, 2002).
Seminal work in the classification of these objectives began with Benjamin S. Blodmsand
team that created a framework commonfyeer r ed t o as A Blbometabs Taxo
(1956) bokedown learning into cognitive, affective, and psychomotor domains. These

categories providka framework in which different types of knowledge is clasdifind

studied.
The ognitive learningdlomaind eal s wi t h fArecall or recogn
devel opment of intellectual abilities and sk

Krathwohl (1956) further defirtethis domain with a hierarchy ouns, classifyinghe

levels of knowledge in thidomain. The frameworloriginally intended for use by university
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examinersgrew to be a common reference for educators, curriculum planners,
administrators, researchers, and classroom teachers (Ande&osn&ak, 1994). Anderson
and Krathwohl (2001) made updates to the original veorkhe cognitive domaito make it
more useful to educators and applicable td&tury learningThis updated framework is
themost commonly usd cognitive learningaxonamy (Clark & Ernst, 2010Forehand,
2010).Cognitive learning taxonomiegganize what learners know and are able to do with
that knowledge.

The affectivdearningdomain pertains to student interests, opinions, emotions,
attitudes, and values (KrathwoBlloom, & Masia, 1964). Learning in this domain centers on
how students become aware, respond, value, compare, and act based on an idea or
phenomena. This framework was b@itim how people receive stimulus, organize their
feelings, and act or reorganitteeir value system. Learning objectives from the affective
domain assist in phrasing the desire for students to appreciate the significance of ideas or
topics rather thajustknowing about them or being able to dorthd-inks Taxonomy (2003)
crossedrom the cognitive domain into the affective domain with the human dimensions and
caring levels but is still not as detailed or widely used as the work done by Krathwohl et al.
(1964).

Finally, Athe psychomotor domain addresse
knowledge nor values and attitudes are sufficient to explain effective performance of learned
tasks, 0 (Rovai et al ., 2009, p . 8) . Devel opi
tasks, or operation of a machjseich as an excavator or compufell within the
psychomotor domain. Even though Bloom et al. (1956) and his group categorized

psychomotor learning, they never disseminated a taxonomy for it as they did for the
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cognitive and affective domains. Simpson (1966), Da®9€@), and Harrow (1972) pposed
three different taxonomie®r the development of psychomotor knowledge that are recreated
in a simplified version from their original documentsliable 2.1

Table 2.1. Recreated and simplified version of taxonomies for psychomotor learning from
original documents.

Simpson (1966) Harrow (1972) Dave (1970)
Level Description Level Description Level Description
Copy action
. Reflex Involuntary oL of another,
Perception Awareness . Imitation
Movement reaction observe and
replicate
Basic Basic simple ais\ﬂ{;?focs
Set Readiness Fundamental movement Manipulation instruction
Movements
or memory
Execute skill
Guided Perceptual : - reliably,
Response Attempt Abilities Basic response Precision independent
of help
Adapt and
integrate
Mechanism B.a.S'C PhY.S .|caI fithess Articulation expertise to
proficiency Abilities satisfy a
non-standard
objective
Automated,
unconscious
Complex . mastery of
Overt E).(p.ert Skilled Compllex Naturalization activity and
proficiency Movements operations ,
Response related skills
atstrategic
level
. Adaptable Non-discursive Meanlngf_ully
Adaptation e o expressive
proficiency Communication ..
activity or output
o Creative
Origination oy
proficiency

Harr owds (i4d@mn2ohly useshdhe stug of athletic ability, dancen
the preparation to give a large speech, human reflexes, responsts ability to

by

communicate but | acks fisetd as covered byor Si mpso
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the fact that people must receive and be prepared to learn a psychomot®hiskitiodel
takes into account all human senses and preparedness, and it lends itself to situations in
which people are pushed beyond their comfort zatitl situations such as skydiving or
other activities that might involve a personal phobia. Forlmsicu | t tr ai ni ng,
modelcovers the basic steps from copyingodaserved or explainegttionas seencopying
an action withsome modification for similar situationggular use of the skjlandfinally
mastering a skilby using it naturallyn a variety of situations without hesitatioB.a v e 6 s
taxonomy ighe most commonlysedtaxonomy forthis doman (Zollman, 2012

This research waspecifically interested in the assessment of student performance
that falls within the psychomotor domaof learning, specifically foundamental technical
graphicscoursesWhile Bloom et al. provided a basis for the assessment of student learning
objectives, they encouraged each fildlevelop their own taxonomwith specific
language and topics ppopriate to that field. Clark an@rnst (2010) developed a taxonomy
of the psychomotor domain classifies skill developnienassessment purposes in the
technical graphics field. Davebds (1970)

technical grphics taxonomy of the psychomotor domaeen inFigure 2.1.

eve
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Learning and

Knowledge
Domains
Cognitive Affective Psychomotor
e N e N e N e N e N
Precision Articulation
Imitation Manipulation Students can Students have Naturalization
Students replicate fsc;fgvsrgﬁelﬁggzgn ?jggrstrate skl ﬁﬁg%fgcgsa:]nd Students develop
what the teacher Ny . Y, N 9 expertise in the
has demonstrated the completion of independent of skill development field of graphics
: a given task. instructor and combine these graphics.
assistance. areas.
\\ J . J . J . J . J

Figure 21: Graphic representation the taxonomy of psychomotor learning domain for
technical graphics outlindaly Clark andernst (2010).

This study focused on the assessment of student skills in fundateehtaital
graphicscourses that fall within Clark arielr nst 6 s (2010) taxonomy. Fc
technicagraphics courses, precision whg appropriate aim eheasurement because it
requiredstudents to demonstrate skill reliably independent of assistahad Gagne (1985)
constitutes as learningmitation and manipulatioonly reflectthe ability to mimic a
provided action without regard to independence. Articulation and naturatizegrebeyond
the scope of introductory courses as they occur over time and experience during internship
levels and throughout a career (Cl&lErnst, 2010). Overall, Clark arfeir nst 6 s t axonol
wasthebasis ofthis research that investigatdee methods and reliability of assessing
student skillgo the levebf precision t he t hird | evel within CIlar

within fundamental technical graphics courses.
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Performance Assessment
Evidence supporting learning requires an outvagd that can be observed in
scenariossuch as student behaviors or work (Posner & Rudnitsky, 2886¢ssment is the
process (or a series of processes) used to identify, collect, and prepare data regarding the
extentthatstudents have attained learnmgtcomes (ABET, 2016). Assessmeata is used
for making judgements about the extent knowledge has been learned that can be used for
multiple purposedncluding enhancing learning through improving instruction,
communicating the progress of students| providing accountabilityABET, 2016;Barrow,
2006 Fahrer 2009; Herman & Aschbacher, 1992; Linn, 20@¢alvoord, 2010.
Assessments come in multiple forms and variati@udan (1998) listedbjective
paper and pencil items, standardized cognitigessment, performance assessment, informal
observation, essay items, and portfolios as the main categodkessfoom assessment and
stated that there wassot one specific assessment that cal
skill in a particular area&Knowledge is commonly assessed through traditional
psychometrically driven testing that contain questions with single correct answers that do not
require the demonstration of knowledge but rather the recall of information provided to them
by others (Chauray, 2004; Hanna & Dettmer, 200&tudent learning objectives in the
cognitive domain can ba&chievedhrough standardized tests that are objective and efficient
to grade, butheyare decontextualized from professional tasks and skills (Kaslow et al.,
2007). These assessments demonstrate knowledge, but not professional competence.
Competence is defined by Miller (1990) as fit
having sufficient knowledge, judgemgnt, skil

Measurement of student competence requires measurement of performance on a realistic task
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related to professional practice in the form of performance asses®&aaninfan et al.,
2013 Knight, 2000

Institutions of higher education are increasingljizitig performance assessments to
provide outcomes measures of student competency and program effectiBa@esadn et
al., 2006 Cunmings, Maddux, & Richmond, 20D&erformance assessment, also referred
to as fdalternati ve a dearpirgsaske dirécily refptecdbtovthed e me an i
learning task that allow students to demonstrate their ability to solvevoelal problems and
make appropriate decisions (Cummings et al., 2008; Hunt et al., 2000). Performance
assessments can be seen in variouagancluding essays, performance tasks,
demonstrations, projects, portfolios, and games or sigtiktvironments (Pearson, 2018)
that provideopportunities for students to demonstrate knowledge and skills in a context that
results in a tangible product observable performanc&hose productarethenrated for
proficiency based on a provided set of criteria (Marzano, Pickering, & McTighe, 1993).
These ratings provide information about how students are able to apply skills and knowledge
to perform a task of professional value (Baartregal, 2013).While performance
assessments provide evidence about student achievement of specific outcomes, grading these
assessments takes longer than standardized tests but geaert@ty for their reliability that
has generated a shift towards the use of rubrics.
Rubrics
The use of rubrics and the amount of literature discussing rubrics in higher education

has increased over the past few decades as the push for learning beyond recall of factual
knowledge have swelled (Hack, 2015). Assessment of learning in lugharthinking skills

based on learning taxonomies increase in authenticity to professional tasks but are also less
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standardized which threatens reliability due to more interpretation and subjectivity in rating
(Baartmaret al, 2013). Educators commonlyrh to rubrics to reduce subjectivity in
measuring studentsd performance of higher or
intended criteria and levels of skiliter & McTighe, 2001; Busching, 1998pnsson &

Svingby, 2007; Khattri, Reeve, & Kang998; Periman, 2004). Rubric rating criteria should
be directly related to industry practices, so high assessment scores suggest high performance
outside of class or in the future workplace (Moskal & Leydens, 2000). Students and teachers
make judgementsll the time (Turley & Gallagher, 2008), belearly sedefinitions of what
is wantedand what constitutes quality argended to shift judgements to a collective rather
than the opinions of an individual (Noyes, 1912).

The use of rubrics in higher edaton has grown with benefits cited, including
improved consistency and accuracy of marking, finer differentiation between assignments,
facilitated process for feedback, and feedback for course improvement (Hack, 2015;
Loveland 2005). To investigate claimkrubric benefits, Jonsson and Svingby (2007)
reviewed 75 relevant studies and concluded that rubrics do not facilitate valid judgement on
their own but have the potential to promote learning and improve instruction by making
expectations and criteriaear.

Rubrics help facilitate performance assessment, but do not come irseefits-all
option. These assessment tools can be categorized as analytical or holistic along with general
or taskspecific (e.g., Arter & Chappuis, 2006; Herman, Baker, &nl.i2004; McTighe &
Wiggins, 1999; Mertler, 2002; Moskal, 2000; Perlman, 2004). Each type of rubric possesses

its own advantages and disadvantages, which makes them appropriate to specific situations.
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Analytic rubrics provide clear descriptions of eadkecion; where holistic rubrics
describe all of the work at the same time, with all criteria being evaluated simultaneously.
Holistic rubrics make scoring faster because all criteria are considered simultaneously, but
they do not provide diagnostic infortian to the teacher or specific feedback to the students
that informs them of areas for improvement (Brookhart, 2013). Also, rubrics can also be
categorized as general or tegecific. General rubrics can be applied to a whole family of
tasks, such as tkaical sketching, while tasgpecific rubrics describes work that is specific
to a single task. According to Brookhart (2013), general rubrics can be used for several tasks
or assignments, but take more time to achieve-natier reliability.
Turley andGallagher (2008) suggestthat rubric critics do not like the
standardization of all work. However, standardization is imperative to makeilzta
decisions about learning to use a normed set of practices, such as ANSI standards and a
uniform technicalanguage. Performance assessment critics question the reliability of rater
judgements, but rubrics can help define assessment criteria and improve the reliability of
rater judgements, especially when they are analytic,-&gecific, and accompanied by
exemplars and/or rater trainin@¢odrich, 1996Jonsson & Svingby, 2007
Rubric development procedures appear throughout educational literatubetéex.
1993;Pasco County, 1996; San Diego State University, 2017) but Loveland (2005) suggests
that guicelines usually follow the eight steps presented below:
First, the teacher should find out how the real world defines quality
performance or a product. Second, gather examples of student and expert
work that illustrates a range of quality. Third, sortéxamples into four to

six groupings by quality of performance or product. Fourth, differentiate
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within the performance or product specific skills or attributes. Fifth, write
descriptive statements for these attributes. Sixth, within the specific skill or
atributes, write an operational definition at the different levels. Seventh, link
your student and expert examples to the different criteria and levels for
instructional, communication, and professional development purposes. In the
final stage, teachers @ishe rubric in their classrooms and evaluate the results
(p. 2021).

Loveland (2005) discussedu e st i ons t hat need to be addr
guality but as a linear process. Allen and Knight (2009) prohédeore indepth iterative
rubric dexelopment process that encourages a collaboration of developers rather than a single
instructor. Their process provides steps to iteratively define and improve the validity and
reliability of a rubric that they encourage for the development and testiegatdility and
usefulnes®f a rubric. This more in depth approach provides multiple approaches to make
sure that a rubric aids in differencing between different qualities of student work based on
industry standards, but also the consistency of scoringpfimses with more than one section
or instructor.
Technical Graphics Curriculum and Student Learning Objectives

Engineers and architects have used geometry, sketching, and drawings as a graphic
language to convey ideas and designs for cent(Bmsker, 1963) This language used in the
design process is utilized for communicating, solving problems, visualizing objects, and
conducting analyses (Bertoline @t, 2011). Brunelleschi, Crozet, da Vinci, Durer, Eiffel,
Francesca, Hall, Hood, Monge, Moyer, Palladio, and others contributed to advances in

technicalgraphics with breakthroughsuch as descriptive geometry, projection theory, and
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multi-view drawinggo convey concepts (Matthews, 2004). These techniques were adopted
by others and passed along through training. Bennett (1926) and French (1918) reported that
different training techniques productet unique drafting and crafting skills that could be
sea in different countries. The noticeable difference between the training of these
professionals had on thgirofessional practice indicatéige importance of how
professionals are prepared.

Historically in the United States, the 20th century produceagbs within
engineering graphgwith the formation of graphigrganizations. Collaboration between the
American National standards Institute (ANSI), the American Society for Engineering
Education, the Society of Automotive Engineers, and the Americaet$at Mechanical
Engineers to establish drafting standards began in t82®is & Meyers, 2007). In 1928,
the Engineering Design Graphics Division (EDGD) was formed within the American Society
for Engineering Educati on rchAiScEsEQn,ahdo pr omot e
communication of engineering design graphics
ensure that the content taught to future professionals reflects the constant changes in tools
and techniques requirddr the engineering profession

Changes irtechnicalgraphics instruction can be seen in shiftpractice such as
changs from firstangle projection seeann  C r [@egcaptivé Geometr{l821) to third
angle projection presented by Hall in 1902 in his renditioDescriptive Geometry
Additional changessuch as the addition of direatixiliary oradirect methogdwhere
auxiliary planes are projected to show the desired relationshigs e i ncl uded i n M

(1904)Engineering Descriptive Geometri@ombining direct méiod and thireéangle
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projection 8 now used in the United Statesdtook place n 192 6 wirawihg Hood 6 s
Descriptive Geometry by the Direct Methdthmmond et al 1971; Matthews, 2004)

Changes in engineering graphics came from new methods as previwuglgned
along with monumental changesich as the introduction of the blueprint process to the
United States in 1876. Blueprints were created by hand usinggaolsas Isquares,
triangles, drawing boards, and French curdasing, what Harris & Meyers (20Q7escribe
ast he AGol den Age of Draftingo i ntotdésignsear | i e
were completednanually and working in ink required projects to be restarted if changes or
mistakes were mad€omputers and CABoftware brought abosignificant ctangesn the
way that drawings aneroduced. Massive vacuum tube computers runningdiwensional
drawing softwares uch as |l van Soubhled anhésstliiSktettchpali
and have continually developed to sleeker, moreguful, and personally owned computers
that run parametric solichodeling software that is currently usedndustry (Harris &
Meyers, 200Y.

While some universities attempted to mimic traditional hand drafting methods on the
computer with CAD, Bill Rgs personal communication, June 2D17) reports that North
Carolina State University and Purdue University began to focus on model caatdneidal
graphicscoursesn the mid1980s These courses differed because they taught the students
the process of creating digital models of objects that could be modiGadioputthem
together in assemblies, and how to generate engigedrawings from thenodels. Topics
covered include sketching and text, engineering geometry and modeling, projection theory,
detail drawings, part assemblies, working drawings, dimensioning, section views, auxiliary

views, and application of part data.
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A studyby Clark and Scales (200f)und that the gneal trends for coursda the
technical graphics curriculumere seeing a decrease in courseg@ometric dimensioning
and tolerancing, manual drafting, 2D CAD, 3D rmonstrained CAD, and computaided
manufacturing. Even though there were decreasemiy theseoursesthe study also
foundthere were large gains in courses that inailgie constraint based modeling and
animation (Clark & Scales, 2006). Arghasit werenotedthat neededdditional investigation
included online and distance educationtingtion, increasedmphasis in 3D CAPand 3D
prototyping. The togated research interegtaindwere high school outreach and 3D
printing, but there was a variety of other areas suggestediditional investigation
including curriculum development,eating ABET requirements, and assessment of student
learning (Clark & Scales 2006).

Graphics literaturéliscusgsthe content that is included in théindamentagraphics
course because maunwiversities only require one semester of graphics training fo
engineering studentdlfzaki et al., 2016)Some universities offer additional courses that
allow students to go further in depth, but the content of the introduction course is a large
topic:

Common topics in introductory courses tend to be sketchiotiiview and
pictorial sketching/drawing, sectional views, dimensioning, manufacturing
processes, and constralvdased CAD. Final projects in these courses range
from design projects where students actually design and build prototypes to
reverse enginearg projects where students measure arghggneer existing

productg(Branoff, 2007, p. 4)
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Having a conceptual model helps researchers fomionly the main elements of a
discipline, but als@n anunderstanithg of their interrelationships (McGrath etl., 1991).
McGrath et al. (1991) furthersuggésat A A concept ual model defin
gi ves reason f or Thiststsidy ased the comaemual,model (pnovidedlbg 1 ) .

Barr (2012) as the basis of content for fundamental tedrgrigaphics courses.

Graphics Fundamentals

& Sketching

Graphics Projections

Sectioning

Dimensioning

¢ Engineering Drawings

Computer Graphics Modeling Computer Model Applications

¢ 2-D Computer Sketching ¢ Measure Geometry

e 3-D Modeling Techniques Finite Element Analysis

Simulations and Graphics

¢« Computer Assembly p "
resentations

Modeling

F
v

. . - Rapid Prototyping
& Multi-view Projections from a ypng

Computer Model

Design Projects and Reverse
Engineering

Figure 2.2:Triad of moderriechnicalgraphics instruction from Barr (2012). Used with
written authordés permission.

The literature provideaninsight into the topics that are currently included in
fundamentatechnicalgraphics carses. Several efforts to determine suitablglent learning

objectivesn graphics educatiomclude Barr, 1999; Bertozzi, et al., 2007; Branoff,
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Hartman, & Wiebe, 200Meyers, 2000Nozaki et al., 2016Planchard, 2007/ Sadowski &
Sorby, 2013Smith,2003 While the previously stated studies discuss course coigant,
(2012)provides results from a survey of the ED@Gi@mbership regarding common student
learning objectives utilized for their graphics cour&a.r r 6 s resul ts from th
field can be seen in table 2.2. The rank was based on a five point Likert scale with five
representing strongly agree and one being strongly disagree. Rankings with high scores
represent what the membership felt should be the primary learning objectiveis of the
courses.

Table 2.2. Recreation of Barr (2012) student learning objectives for technical graphics used
with written permission.

Outcomes Rank
Ability to create 3D solid computer models 4.75
Ability to sketch engineering objects in freehand mode 4.54
Ability to visualize 3D solid computer models 4.54
Ability to create 3D assemblies of computer models 4.54
Ability to create dimensions 4.38

Ability to generate engineering drawings from computer mo 4.33

Ability to create 2D computelgeometry 4.29
Ability to create section views 4.13
Ability to perform design projects 4.08
Ability to analyze 3D computer models 4.08

Knowledge of manufacturing and rapid prototyping methods 3.63
Ability to create presentation graphics 3.46
Ability to solve traditional descriptive geometry problems  2.75

Ability to create geometric construction with hand tools 2.71
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Survey results provide the student learning objectives that commonly guide
fundamental technical graphics courseslbfiing the skills that students shouldspess
after completing a fundamental technical graphics couMy#h. the goal of making
systematic improvements to ttechnicalgraphics curriculum, it is imperative for all in the
field to know the status of howell students are meeting the learning objectives of the
course.
Performance Assessmerih Technical Graphics

Assessment of stient learning outcomes a prevalent theme throughdathnical
graphicditerature. Nee (999) suggestethat assessment has bese of the most
scrutinized areas of education over the past few deeaditsat ha left universitygraphics
faculty working to assess student work and programs to meet the demands of universities and
accreditation. Discussiomange from what is appropriate to be assessgd Barr, Krueger,
& Aanstoos, 2004; Branoffet al.,2002;Clark & Scales 2003ganalysis of specific course
outcomes and assessment systems, @ajdizan & McMullin, 2005Elrod & Stewart,
2005);and seeral scoring methodologies including criteria assessed and reports of how well
students scored on these assessmeigtsBearoff & Dobelis, 2012, Company, Contero, &
SalvadorHerranz 2013). Along with growing class sizes, the advancement of computers an
software have brought challenges for instructors to accurately and efficiently provide
feedback and scores for student work.

Multiple assessment approaches including computer automated gradifgu{e&
Fraser, 2013; Baxter & Guerci, 2003; Devine &irigen, 2013Goh et al. 2013; Hekman &
Gordon, 2013Kirstukas& Amaya-Bower, 2016;Peng McGary, Johnson, Yalvac, &

Ozturk,2012;Sanna Lamberti, Paravati, & Demarti@D12), instructors and teaching
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assistants using digital files and grading rubricg.(Ault & Fraser, 2013Branoff et al.,
2016, and more qualitative measures including think @lmethods and papers (e.g.,
Hartman, 2004; Menargt al, 2011) have been pursued and reported. Each of these
approaches provides benefits and limitatiomsuf®e in introductory engineering graphic
courses.
Challenges of Assessing Student Performance in Engineering Design Graphics Courses
Personal computersid the availability of industrgtandard software for students has
brought a focus on students learning to develop constraint based solid models using CAD
systems. Knowing how to prepare future professionalédalds studies to understand the
way that professionalseate solid modeland trends (e.gDiwakaran& Johnson, 2012;
Hartman, 2004Johnson, 20QQohnson & Diwéaran, 2010, 20)1
Instruction of students regarding part modeling strategies to capture design intent
continues to evolve, even as the solid modeling systems benoreecomplex and
users in industry develop best practices. Intentional exercises to make students aware
of the need for careful part planning should include more strategic discussions
regarding the uses of part models and alternative methods. Modef®ugesse
exercises need to be sufficiently compl ex
parts and consider alternative modeling strategies. There is no single correct answer
regarding part modeling strategies, and students must rely on expenence a
situational decision makg to build robust solid model@ult, Bu, Liu, 2014, p. 12)
The process and procedures of creating solid models and assemblies have required
changes the content of the introductory engineering graphics courses and havedpirezluce

chall enge of how to assess st udonsumidgs model s
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process not onlpecause othe number of students in courslest also due to the dynamic
nature of computegenerated 3D solid models.

Studentcreated solid mode on the computer provide a significant challenge to
assesbecauselesign intent is built within the model by the way that the model is created
and congained. Branoff (2003) explainglat students cannot be assessed by static
measures of whether theodel looks correct on a printout, but rather that the files must be
opened on the computer to examine the geometry and design intent built imodile
Kirstukas (2013) explainetthat the challenge with evaluating design intent comes from the

fact thatmodels may look the same, even though theyrexéeled differently. Ault, Bu, and

Liu (2014) describe design intent as fithe

N

behavior of the part when subj eedomedt t 0o chang

geometry and relations are not present within the model, the model will break or produce

unexpected results when parameters within the model are altered. There are different terms
used such as fAiMdhwel 203) ngoaddadiymaani (cWime b e,

Branoff, & Hartman2003), but the idea of changing parameters to efficiently make multiple

variations or future iterations of a model is a+walld occurrence that demonstrates the
robustness of a model. The way models are definedaradrained provide insight about the
way designer wishes to be able to modify the design in the future (Hartman, 2005).
Kirstukas (2013) provided quality example of how diffent models that appear the
same bubehave differently and appear quite disk@mafterchangingwo of the same
constraintsn each model. One approach to checking stu@detsg intent is outlined by
Devine and.iangen (2013) where thesuggestdthat students be given a part to model and

then provide measuremerits a distane and face are&tudentsre then asked to make
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changes teeveral dimensiondNext, studentsepeat the same measures that they previously
checked. With the appropriate constraints, the model should have consistent ,cluvaoh tjes
studentémeasurementshould match with the numbers that tleeiginally checled Peng et
al. (2012) also off&ada similar approach

Both Ault and Fraser (20135 well aBBranoff andDobelis (2014) suggestithat
more qualitative approaches to assessing student work wouwidg@axditionainsight into
their reasoning and decisions during the modeling process. Examples of assessment methods
ai med at understandi ng t precess ahdesigndecisioy behi nd
i ncl ude Ha rabseraatioh sf partizigadtdmodelirmndwatching student created
videos of modelingas seen ilChester (2007andMenaryet al.(2011).These approaches
give adeeferinsight into the design intent by knowitige reason natels were created a
certain waybut require the assessor to go throughntieelelingprocess with the student.

Hartman (2005) utilized a thirloud method where participants modeled a part they
were given andavere asked to explather reasoning for each of their actions during the
modeling process. These sessions were recordetthanilanscribed to be evaluatéor
common trends. This tirmeonsuming processasintended to look at the reasoning and
trends rather than to determirigarticipants were abl® create solid models. Menary et al.
(2011) suggestthat students couldreate a video using screen capture software during their
modeling processothey can explain their rationale for their steps or write a report to
explaintheir processChester (2007) utilized screenshot videos to as3¢students
modeling skills andnvestigate thedifferences between two instructional strategies and

students metacognitive abilities while modeling.
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While watchingstudentsnodel parts and readinigeir explanationgor decisions
theymade the assessor wasovidedinsight intothestudend thought process. However,
these qualitative approaches to assessimgentlearningobjectives are cumbersome and
should beused in guations where the process is more important than the product. Insight
from these studies provide suggess for teaching strategies in graphics courses but cannot
bethe primary performance assessment method utilized for assessing studémy lear
objedives in large classes
Computer Automated Grading of Technical GraphicsAssignments

The rising number of students going through engineering graphics courses at
universities provides a challenge for faculty to assess student work and provizkckerda
timely fashion Ault & Fraser, 2013Branoff & Dobelis, 2014). Opening each file to probe
the relationships, geometry, and other features to provide feedback to each student is a
cumbersome taslogvine & Laingen 2013Xirstukas,2016 that has ecouraged exploring
automated systems that will provide students with consistent, accurate, and timely feedback.
Multiple automated performance assessment approaches have been developed for assessing
studentcreated solid models and engineering drawings.

Advantagessuch as reliability and speeate mentioned in all publications related to
automated grading systems for engineering graff@cause€omputers show no bias,
consistently execute all programmed commandshand theability to compare mulgle
items simultaneously. AudindFraser (2013) reported that each of the 42 projects in their
studyusuallytook 56 minuteseachto grade whereaghe automated grader ran through each

of the 42 projects in less than 30 seconds. Similatteesere repodd by Kirstukas and



37

AmayaBower (2016) with the instructor spending 152 minutes to examine 38 projects that
took the computeonly a few seconds to score.

Along with speedanother reported advantagiautomated grading systems include
the ability to chek specific feature use that is tedious for humans to check (Sadna et
2012). Metadata created with the féeich as time createdanalsobe compared between
users. Digital files can be easily copied by students, but the time the file was @eated
always stamped on the file; therefétekman andsordon (2013) programed their system to
alert the instructor when two files were submitted with the same time stamp to investigate for
potential plagiarism. Automatic comparisons of such fine detaibigatedious for humans
to check provide significant advantages for instructors.

Literature disseminating the efforts of creatmgomated grading systems for
technical graphicalsodescribe thdéimitations to their workwhichincludetheneed for
additional flexibility, more advanced programing, and additional refinement. Technical
codingfor the assessment of student work in technical graphics courses still requires
additional developmensud asAult and Fraser (2013ndKirstukas (2016)werelooking
to refine their working algoriths) otherssuch as Gokt al.(2013) have further to go
because their systewas aproof of concept thawasonly able to recognize circles.

A majority of automated systems are designed to work with Auto6édauset is
the most popular engineering graphics software. One of the most extensive efforts for
automated grading with DXF files has been completed at San Diego State University with the
devel opment process bei es@eo(200pnd Jadhdv (2000) f our
began with the graphic user interface antial programing of the softwardvaturi (2013

andKarna (2013xontinued these efforts by refining the coding and mothegautomated
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system onlineThework done at San Diego State Univergienerated interest, but the
proprietarysystem caused the work @bh et al. (2013Hekman and Gordon (2013nd
Kwon and McMains (2015p have to start from the ground.UpXF files are used in each
of these approaches but are compared to examedetifitough different avenues. Kwand
McMains (2015) useMatlab to compare all of the downloaded fjledile Hekmanand
Gordan (2013) began with a checker that students checked their files against before moving
to an email client. Overall, thehave beemultiple effortsthatcompare AutoCAD files to
a template file, but there is a lack of a widespread or completed method.

AutoCAD is not the only software used in courses that have worked with automated
assessment methods. Sev&&l modelingsoftware,including NX, Solidwork& , and
Creq arepresent in the literatungith their own Application Programing Interface (API) that
allows users to query created models. Dassalt Systeiaes adesign checker feature to
compare models Wi an example model for their SolidwoEkscertification examand
BaxterandGuerci (2003) described using this feature in their class. Highlights of using the
design checker align with the overall spegsipreviously mentionednd ability to select the
criteria that the checker seaedfor in a model.

Outside of Solidworks , Ault andFraser (2013) utilized PTC Precision LMS
(Learning Management System) to assess student parts created in Coased®n the
criteria of proper selection &¢atures, placement in the global coordinate system, and correct
use of dimensioning. Student work was assessed bdsaitsohilarity to comparison
instructor generated part files of correct and incorrect solutions. Specifinalys study,
A P r ercLMS checked for the presence of two extrude features, one revolve feature, eight

holes, andtwo@t t er ns, 0 ( p .theBystenuseddndhis atudy iaclyde she o f
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grading of 42 student submissions within 30 seconds and the potential to alewtstio
submit and receive feedback about their modeling procedure without any time required by
the instructor. Student use of an unexpected modeling featuredield scores because the
system was setup to search within another feature and model shegrgenot tested.

Additionally, Kirstukas (2016) and Kirstukas aAenayaBower (2016) describe the
development of a system using the API for NX. Where other efforts describe the system,
Kirstukas (2016) goesto furtherdetail about his systeby includingthe criteria that the
system specifically checks for, an explanation of each criteria, and the number of points to be
deducted for each specific error. Hundreds of hours have been investitsiaystem that
is expected to save more tinmethe future. This is the only system that has been reported to
handle multiple student approaches to modekwgn though the author states that it will
need to be refined as each submission has the potential to reveal a weakness.

Overall, here are high expectations for the objective nature and speetbofaed
grading systems fassessment of student wanktechnical graphicsSeveral efforts are
occurringsimultaneously to achieve the goal of providing students with timelgtiective
feedback. There is no consensusurat the systems should be checkingirficat quality
model, but the existing literature provides a place to build on and further diswinsg
constitutes quality work that computer systems can assess.

Rubrics for Grading of Engineering Graphics Assignments

The limitations and continued development of automated systems leave a significant
portion of performance assessment to instructors and teaching assvtante rubricas
aid in assessing student work. These rulspescify boh the criteria and competency levels

that thestudent work will be evaluatg&hattri, Reeve, & Kane, 1998kngineering
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programs across the United States utilize rubrics to measure sGaeaisnes for not only
course gradedut also for ABET accreditatiofe.g., Dahm, 2014)ssman, 2010 he term
rubric is utilized often for assesent ofstudent performance technicalgraphics literature
with some providing examples tife scoring categies for theperformance assessment
utilized in their courses and research. Exan
and final project rubric, AultanBfras er 6 s ( 2 0 1rahualgrading rubri¢, Brangffe
andD o b e (R01 dew rubricand Barr etl.& (2000) evaluation sheet. The most
comprehensiveverview of criteria fomssessment of studembrk is in Company etla. 6 s
(2013) overview where thesuggestising rubrics talisseminateualty CAD practices in
academia thatpread intandustry.

Where each of these examples provide details about the criteria evaluated in the
student work, they do not define levels of quality for the criteria from excétiggdor, as
suggested by Reddy aiddrade (2010). Mcinnis et. al. (2010) wéhe onlyonesto
provide a definition of levels for their outlined criteriattfalow a one to dur scale of:
incorrect in virtually all drawingsncorrect in many drawinggcorrect in only a few
drawings andcorrect in all drawings

Currently, the ealuation of student performancetathnicalgraphics isconducted
utilizing instructordeveloped performance assments that leave questions about their
validity and generalizability because holistic grading scales do not define the levels of work
within the criteria. Withoua clear definition, thesumberof points awarded may fluctuate
greaty between raters. Moskal and Leyd€2600) posidthat welldefined score categories

should assist in maintaining consistency in scoring regardless of the rater or time rated.
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Previous examples offer the performance assessment practices and results of individual
authorswithout addressing the reliability of theirettods.
Investigating Performance Assessment Methods ifiechnical Graphics

While some authors are reportieir practice for the sake of sharing with others in
the field, some studies look to improve performance assessment practexsinal
graphis by making comparisons between two differ@sgessment methodisconducting
reliability studiego look at correlations between the scores assigned by multiple raters
looking at the same example project.

BranoffandDobelis (2014) compare two rubricg lmokingat the scores otie same
projects assessed witbth rubrics. One rubric accountt model accuracy anthetime to
create the modglith penalty points for erroysvhile the other wasomposed of categories
(without quality indicators) comfad from literature trends and pagntStatistical difference
existedbetween the scores using the two different rubrics with larger differences existing
within thescores oower quality work. As the work quality improved, the correlation
between the sees with the two differentubrics also increased.

While Branoff andDobelis (2014) lookdat two mamal assessment practices, Ault
and Fraser (2013) as well as Kirstukas Bodver (2016)discuss the differences between
manual and automated assessméstuaent pgormance on solid models. Ault akdaser
(2013) mostly notéthe increased spdef the automated system but diok report analysis
of the scores due to the differencesha criteria used for scoringptvever, Kirstukagsnd
Bower (2016) povided a comparison of the scores. Their results reacetiat some scores
hadnear perfect correlati@between manual and computer assessment, bathoddo one

half of the scoreweresignificantly lower when assessed by the computer.
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Dunn (2009) sggested that measurements are subject to error, and human judgement
is prone to this type of error. The extent the scores varied informed the reliability of a
measure, and the extent judgements can be made based on the scores provided by individual
judges(Cohen, 1960; Fleiss, 197 Branoff et al. (2016) conduatia reliability study to look
at the consistenoyhenmultiple raters independently scdrihe same projects. For this
reliability study, three raters assessed 10 different projects from two different nlels (
total projects). Branoff etla(2016) reportdthat the studyubric appears to generate reliable
results for the overall rating dfi¢ two modelsbutthere wasot significant correlation
between altheraters on both of the projects. Low correlations on individual categories
suggest unaccounted for variance and point to areas that need refinement. Discussion for
future work includd repeating the study with additional raters or at other universiti@sg
with trying to improve correlations by providing more detailed descriptors for each category,
providing specific criteria for point values, and providing training before indiviglual
scoring.

This study furthers Branoff et al.ds (201
reliability of performance assessment instruments utilizeedhnicalgraphics courses by
expanding to additional types of student work and instructors dipheuifferent
universities. Measures of how consistently raters score studenpvaikle areas for
improvement and the extent decisions based on the scores provided by individual instructors
can be used for course improvement.

Summary
Assessing studetearning the psychomotor domain occurs across many disciplines

through performance assessment that require instructors and assessors to make decisions
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about the extent of student proficiency. Variation in scores and opinions about what
constitutes qualtwork commonly lean towards rubrics to assist in clarifying the criteria for
guality work and increase rater reliability (Reddy & Andrade, 2010). Rubric development
and validation processes exist to aid in the construction of rubrics and understanideng of
extent scores can be compared using that scoring method (Allen & Knight, 2009).

Fundamentalechnical graphics at the pestcondary level commonly use
performance assessments measure studeming, but approaches vary due to changes in
curriculum student learning objectivesnd performance assessment practicatare
adapting to the advancements of software and technology that have changed professional
engineering practice Multiple individual approaches to assessing student performance have
emerged in théechnical graphickterature such as automated systems, observation of
studentsé perfor mance, ,utheaextanbadheiraseisf or asses
unknown. This investigatioaimedto determine current student learning objess,
performance assessment pradi@ndinvestigate theeliability of an existingperformance
assessment practiosed inafundamental technicgraphics cotsethrough the methods

outlined in the following chapter.
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CHAPTER 3: METHODOLOGY
Introduction
The intent of this study was to clarify performance assessment practices utilized in

fundamental technical graphics courses within the Engineering Design Graphics Division and
investigate the reliability of an existing assessmegthid.This research consisted a
survey andafollow-up reliability studyu si ng Al |l en and Knightos (2C
validating rubricsPlans and procedures for research are intentionally chosen to address the
specific needs of the topic that skbbe influenced by the nature of the problé¢he,
researcher soé p e rtheaudiende (Ceezswele 201ZFhe follewing ehaptier
provides a detailed explanation of the participants, instrunemisiata analysisitilized to
answer the guidinguestions of this research.
Survey

Surveys are utilized to collect information from individuals, groups, or
organizations through interviews or questionnaires (Mar&défright, 2010; Trochim
Donnelly, & Arora2015).Creswell (2009) claimsthatur veys fAéprovi de qgquan
numeric descriptions of trends, or opinions of a population by studying a sample of that
popul ation, o (p. 20) that epdamsaouthatr s can us
population.Various approaches to survey mettdacludecontactsn person, over the
phone, by mail, or onlindeach methogrovides their own advantages and limitations. This
study utilized a welbased questionnaire ¢ollect information about performance
assessment practices utilized in fundameetinical graplus courses within the EDGD
membershigBabbie, 1990) and determine eligible participants for the felipweliability

study.
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Information regarding the type of work assessed, assessment methods, who assess the
work, etc. in fundamentagthnical graphics courses at postsecondary institutnogist have
beencollected in a few ways with some approaches more appropriate than others. This
information could be collected by visiting each university and directly observing the course
throughouthe semester, by calling each of the universitiestalkthg toeach of the
technical graphics faculty, mailing surveys to the technical graphics faculty, or sending an
electronicsurvey to the facultyCreswell, 2009)Couper andBosnjak (2010and Umbach
(2005)suggesthatweb-based surveygrovidethe lowest cost and fastest time frame for
collecting information from a spread out population. With these universities spread across the
United States and the contact information provided for énggipantsasemail addresses
the decision to use a web surwegs appropriate

Collecting information about the technical graphics community has relied upen web
based questionnaires in the pagth examplegprovided byClark andScaleg200Q 2006)
and Downs (2009 Clark andScales (2000) state that the purpose of their study was to,
Aéidentify current trends and issues related
if any conclusions could be drawn to assist graphics educators in nadisgons for
establishing the directiomf gr owt h f o0.24) The isitialistudy tondoated hyo ( p
Clark andScales (2000) utilized the guidelines established by Lyberg, et al. (1997) to
develop a survey about trends related to technical gmphie survey consisted of four
parts. The first part focused on course offerings, software use, content areas, and
incorporation of new technologies in the classroom. The squanmbiboked at student
populations and their needs. The third examipeafessional development and faculty

concerns. Finallythe fourth concernedegrees offered by programs and need for training
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technical graphics teachers (Clark & Scales, 2000). Descriptive statistics from the responses
providel a lay of the land in tectiical graphics programs. Clark aBdales (2006)tilized
their original (2000) survey with the addition of a fifth section on future research to
determine if there were changes in the profession and search for trends in the field. Finall
Downs (2009nlsoutilized Clark andScales (2006) survey with the addition of a section on
distance learning.

Overall, the benefits of low cost, speed, anidr use of thisnethodology in similar
studies lead to the decision to use aivabed questionnaire &mldresshe first research
guestion regarding the statuspafrformance assessment praciogechnical graphics
community.

Procedures

The survey used toaduct this research ppendixC) was developedefined, and
administeredased on proceduresd considerations regarding population, sampling,
guestion, content, bias and administration issues outlined in the literature (Clark & Scales,
2000;Creswell, 2009Diem, 2002 Fink, 2002 Lyberg et al., 1997Trochim et al., 2016
The literaturaevealed variations in the way that student performance is assessed in
engineering graphics coursesy(eAult & Fraser, 2013Branoff et al. 2016) and that several
challenges to performance assessn&ist such as time, subjectty, and accuracy
(Kirstukas, 2016 Survey questionwere developed based upon topdescussed in
engineering design graphics performance assessment and rubric liteénatudeng course
learning objectivesnrollmenttypes of student work assessed, assessment methods, and

rubric usage questions
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Developing faceralidity of the instrument relied upon the method outlined by Clark
andScales (2000)University facultyfrom three institutionsvith expertise in statisti¢s
technical graphics, performance assessment, and survey development reviewed the
instrument and provided feedback on content, sequencing, wording, and questidhgype.
reviewers responded that the initial draft of the survey was thorougieadyl to us other
than one raised concer@ne reviewer mentioned that there might be something missing
from the response | ist, but could not think
answer provided would make a space for any responses besidesshpanded. Once the
reviewers provided full approval, the researcher moved forward with thdassa survey
provided in Appendix C.

In addition to the steps utilized by ClaakdScales (2000), a Fledfinkaid
readability test was conductedaddresi emés (2002) concetThe for
Flest-Kinkaid readability formulansuré that the questions were at an appropriate reading
level for the intended participants based on length of sentences in words, average word
length in syllables, pero¢ of personal words and personal sentences (Flesch, 1948). This
analysis supported that the reading level of the questions was appropriate for high school
students andid not exceed the reading ability of tinéended population.
Population and Sampling

The populatiorof interestfor this investigation wertechnical graphics educators at
the postsecondary levdkaching introductory coursesists and contact information for all
of these professionals wemet available and lead past studies @lark & Scales 2000,
2006;Downs 2009) to use a convenience sample oattige members of EDGD

investigate trends in the technical graphics fiEIBGD membership is open to ASEE
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members that are interested in technical graphics and currentllytzaeeobeen actively
engaged in education or training of engineers or allied professions (EDGD, Phik6).
population is interesteid research, instruction, and improvements in technical graphics in
addition to having a reputation for cooperative work\Ds, 2009).

The researcher usednailto solicit participation (as seen in Dogyr2009) usinghe
2016EDGD directory of active memberBowng(2009)requirement that the participants
must beactively teaching a technical graphics course was maintained to ensure information
reflected current practice. Twmundredparticipants were solicited via email.

Survey Administration

Web-based surveys are subject to several aspects of bias inclisjaydssues,
social desirability, false respondents, ballot stuffing, andrespons€Couper 2000) The
following section discusses these specific issues and steps taken to mitigate these potential
areas for bias in the administration of this vietse survey research.

EvansandMathur (2005) present the challenge of display issues caused by the
variety of devices and browsers used to view-wabed surveys. Displgyoblemsmay
result insituation that could includall of theanswer choices not appearing or overall
technical failure that may influence responses or the ability to participate in the study. Downs
(2009) ran a check on multiple devices and browsers before distribution of hizased
survey to ensure proper digglacross platforms. This study followed this example by testing
the survey on various computers made by different manufactures, availabbeometers,
and mobile devices.

Trochim, et al. (2015) explasrthat data from surveys should reflect tbpydatonés

true values. Besides incentives, Trochim, e(2Z015)propose that survey respondents may
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choose responses that reflect opinions others desire rather than their own for social
desirability.More simply stated, people might choose responses thapénegive others
would prefer rather than what they currently do or beliekeng (2006) discusses that this
fear comes from the potential of their identity being attached or known when responses are
reported to othersSocial desirabilitypiaswas addresedwi t h Tr ochi m, et al
having the participants choose to be anonymousgmdt addressing any topics that deal
with personal or illegal issues.

Another area of concern in survey datdlectiondiscussed by Trochim, et §2015)
is false responsd-alse response occurs whedividuals outside ofhe population of interest
respond to the survey. This issue was mitigated using Di@®89) approach afending
individualizedsurveylinks only to the participants, which would restrictdividuals using
different email addresses to complete the questionnaire.

In addition to limiting the survey to the intended participants, participants were also
limited to one response to prevent ballot stuffiBgllot stuffing occurs when respondents
submit more than one resportheingthe survey research. Multiple responses from a single
participant pose a threat to the validitytioé surveydata byallowing the opinion of one
person to hava greateinfluence onthe results (Couper, 2000hdividual links allowed
participants to complete the questionnainéy one time to ensure thateaghar t i ci pant 6 s
response carried the same weight.

Finally, nonresponse was the last concern for bias in thehesled swey that was
addressed in the administration of this studgrHkesponse leaves room to question if those
who did not answewould havehad different opinions than those that did resp@reéswell,

2009).Survey research commonly uses incentteesddresshis issue by increasing

(@)
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response rates (Singer & Bossarte, 2006). However, even though incdtivesease
response rates, they also undermine the voluntary participptiot ent i al |y change
motivation for completinghe surveyandcould createrisks thattheir responseare not
consistent with their true w#es and perspectives (Berry Pevar, & Zardentugno 2008).
Oldendick (2012) suggests that reminder emails are an effective method of increasing
response rates. Participants that haticompleted the survey were sent regular reminder
emails to encourage participation three tinassitilized byDowns (2009). Reminders
ceased aftaheresponse rates slowed dratically and 50 responses (Z&apPwere collected.
The number of response&me similar tahose collected iprevious surveys of the EDGD
membershipincluding Downs (209) 57 responses (23.4%), Clark échles (2000) 71
responses (21%), and ClaakdScales (2006) 51 responses (21%).

Upon completion, the survey closed dhdresponseseredownloadedDescriptive
statistics from the compiled responses wemrdedo answer the first research question of

this study.
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AReview of literature on learning objectives, engineering graphics learning objectives,
performance assessment, assessment practices in engineering graphics courses, rubrics,
Literature | and rubric reliability.
Review

AQuestions developed to collect demographic and course information related to
performance assessment in introductory engineering design graphics courses.

ASurvey reviewed by university faculty with expertise in technical graphics, surveys, and
Questionnair: statistical research methods.

AReviewers looked at wording, order, and completeness.

Developmen AEdits made and approved by all reviewers.

AThree example projects randomly selected from stratified pool of existing student
projects.

Reliability | AAll student identifiers removed and files consistently renamed and organized into folders.

Study AExisting project brief and assessment instrument included with projects in file.
Developmen.

Institutional | AProcedures and instruments reviewed and approved by NC State IRB.

Review Boar
(IRB)
Approval
ASurvey sent to active EDGD email list (n=200).
AFollow-up emails sent once a week for three weeks.
250 responses with 39 currently teaching an introductory engineering design graphics
Survey course at a post secondary institution.

AFrom the 39 instructors completing the survey, 12 agreed that they would participate in a
follow-up study and had the required software to open and examine the student wark.

AEach of the 12 qualifying participants were sent the project brief, assessment instrument,
Reliability | @and three example projects.

Study AA follow up of participants was conducted weekly to encourage completion.
AA total of eight participants provided ratings for each of the three example projects,

ADescriptive statistics for survey results.
AruskaFWallis H test for difference of scores by project and category.
APosthoc Dunnods test to determine which project:

Data Analysis ASpearman's Rho and Intcéass Correlation Coefficients calculated for rater consistancy
and instrument reliability.

Figure 3.4: Graphical overview of methodology

Reliability Study
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The first part of this study focused on understanding current performance assessment
practices in the technical graphics fidkiigure 3.4provides an overview of the study
processThe focus of the second part of tetsidywasthe reliability of performace
assessment measuresedto assesstudentlearningobjectivesin a fundamental technical
graphics course (Appendix D). Determining student proficien@puofsdearning objectives
in fundamental technical graphics courses commonly rely on perforraasessmest
(Branoff, 2004, Barr et al., 2000). Laio, HuahdChen (2010) suggesithat the reliability
of performance assessmeihtave beeanriticized and should be investigated to know the
extent of agreement between scores provided by differens.r@erformance assessment
data is only useful to inform decisions andkeimprovementsn the course with reliable
scoring (Reddy & Andrade, 2010).

Determining the reliability a performance assessment can be seen throughout
different education fieldsncluding language (eXllen & Knight, 2009 Stolarova et al.,
2014) and medicine (ex. Kottner et al., 2011a0 et al., 2010). Theourceof this research
began with methodologies for the setup of reliability studies outlinéghbyutandFliess
(1979) andater byMcGrawandWong (1996). A limited number of reliability studies exist
within the technical graphics fiettiat relateo the agreement of multiple raters.
Comparisons of different methods can be sedfirstukas and Amay&8ower® £016)
work, but a human rater in this situation produced only one set of the ddovesver,
Branoff et al., (2016andCompanyet al.,(2013)provided examples of reliability studies
using multiple human raters in technical graphics assignments.

Contero et al. (2013) comparstudent selassessment scores to instructor scores

using a reliability change index that highlights areas of Bagmt differences between the
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scores. However, this study focused more on the desid results of Branoff et | (2@16)
study of reliability between instructobgecause the survey data revealed that instructors and
teaching assistants utilizing rubrics are the primary source of grading in fundamental
technical graphics courseghree instructors from lllinoist&te Lhiversity each rated 10
student submissions for two different modea$ofal of twenty projects per rajeiThe
projects were randomly selected from stratified groups basétequality determined by
the original rateto provide a sample of diffent qualities of work. After random selection of
the stratified projects, two other instructors from the same university department individually
rated each of the twenty projec@orrelations between the raters were compasaty
Spear man 0 scoeffioenttoedteantine idhere were significant correlations between
theraterson their overall rating for each mod®ideach rubric criteria for both of the
models Not only were correlations between ratings compared, but also overall agreement
usingatwo-way random intraclass correlation. The researchers reggbsignificant results
for the overall evaluation of the two projects, fmundno consensusor two of the
categories on one project and those same two categories and one other for the other project.
Ultimately, the study reportealverall reliability using the rubric to evaluate the mogielg
refinement wasieeded to increase the reliabilitiyszoring for the individual categories of
base/core, end conditions, amaksemodel origin.

Past reliability studies in the technical graphics fialdng with guidelines outlined
by Allen andKnight (2009) for rubric development and testingre utlized in developing
this research study. The following research questions guided this study to evaluate the

existing instrument for assessing students on their reverse engineering design projects:
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1. Are raters able to differentiate between the quality alesttiwork on example
reverse engineering projects in fundamentals of engineering graphics using the
existing assessment instrument?
2. Is there interrater agreement for each example project when using the existing
assessment instrument?
Hypotheses
Thefollowing hypotheses were tested to investigate the current status of performance
assessment and the reliability of an existing performance assessment instisgdant
fundamental postecondary technicairaphics courses:
Ho1: The mean score of each gamproject willnot differ from each other when
rated bytechnicalgraphics educators.
Ha1: The mean score of at least a@mple project will differ when rated bgchnical
graphics educators.
Ho2: There is not substantial inteater reliability among the existing criteria for each
of the example projects.
Ha2: There is substantial inteater reliability among the existing criteria for each of
the example projects.
Participants
Participans were solicited by email address found in the 2016 EDGD membership
directory, responded to the initial survey, and agreed to be contacted for auplistwdy.
These prticipantsin the reliabilitystudywererandomly selected using a random ne@mb
geneata from thisconveniencesample of respondenigho werecurrently teaching a

fundamatal technical graphics course amgkd the same engineering drags software as
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ther e s e a unvéergty Thesinitial survey indicated that the highest number dfucsors
teaching a fundamental technicahghics course at a university weight. For this reason,
eight participantavere usedvhich also exceedfie number of raters required for a reliability
study Koo & Li, 2016; McGaw &Wong,1996 Shrout &Fleiss, 197%

Methodology

This section outlines the process and rationale for selecting the sample projects,
distribution, directionsand data collection process of teitsidy, which lookedt the ability
of instructors to use an instrument to diffarate between the quality of studéntwork on
reverse engineering design challengesvell aghe consistency of their ratings using the
existing instrument.

Intentional selection of example projects to grade required a pool of existing student
projectsto make inferences about actual practigkere the subject of each student project is
different. One hundred student submissions on the reverse engineering design project for two
sections of the course taugtNC State Universitin the spring 2015 sesster were
assessed using the existing assessment instrument and compiled by the instructor of the
course Determiningwhether the instrument is able to differentiate betwtberquality of
work requiredhaving raters look at different levels of work t@ $kthey are able to
distinguish between those qualities as seen in Branoff et al. (20d&andLi (2016) stress
the importance of a heterogeneous sample when possible in a reliability study. Scores from
the originalcourse instructor were usedstatify student projects into three categories. The
categories weré0-79,80-89, and 9d100.Categories were not defined below 70 points

because there were only a few projects below this threshold, and each of them lacked entire
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sectionf the projectsincluding themwould result in a rating of O from all raters and
falsely raise the level of agreement of scores.

Each complete project was assigned a number. The researcher randomly selected one
project from each of thstratifiedcategories using an tme random number generator.
Random sampling provided each of the projects an equal oppomdibéyngselected and
ensured that the projects selected for this study were representairogeots from each of
these stratified categoriéSreswell, 202). Three projects were selected based on meeting
Walter et al., (1998) and KandLié s ( 20 1 6 ) reiidbilityesaidy ddsign along r
with respect for the participants time.

All student and institution names were removed from the projects salémiities
could not be associated with the work samplojects werghenassigned names based on
theobject modeledh the project, which included an alarm clock, microphamel knife.The
physical portfolios for these projects can be seen in appéhdjxand J respectivelil.he
distinct names were selected to avoid confusion that may cause data entry errors and avoid
numbers or letters that are ordinal and may suggest rank of quality or grades.

Participantgeceiveddirections, a copy of the desighallenge with thgrading
instrument, a digital survey linlor submitting ratingsand three digital folders containing
the example projects via email (Appendix E). Each project folder contained a PDF copy of
t he sd¢4 ugemttféol i o containing the studentds co
drawings, and assembly drawingsl ong wi t h t he digit al files f
assemblies in their native file format. Categories and criteria from the assegstrament

were provided to each of the participants.
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Kruskal -Wallis and Dunn Test

Determining whether there is a difference between groups when there is one nominal
variable and one measurement variable commonly usewayanalysis of variance, but
this test requires the assumption of normality (McDonald, 2014). Without clearlydidimg
to demonstrate normality due to the small sample size, the Kid&kis H test was used to
determine if the ratings for each projddferedby project overalscoresand for section
scoreqScales & Petlick, 2004This norrparametric test extesthe ManAWhitney U test
which compare more than two independent groyfisinvestigate if there is equality of the
means or medians on either a continuous or an ordinal dependent variable (Sprent &
Smeeton, 2007).

For this test, KruskandWallis (192) require the assumption tt@iservations are
all independentdl those within a given sample come from a single populatiopulations
are of approximately the same foramd thaf andx? tests assume approximate normality
The methods andssumptions provided by Kruskélallis are still in use for neparametric
statistical analysis with only the addition of the fact that the samples are selected randomly
from the population for the sewed assumption (Hollander, Wolfe, & Chicken, 213

The KruskalWallis test faces the same challenge of thewag ANOVA in that it is
an omnibus test and is sufficient for determining if there is a difference between groups, but
does not provide data as to which of the populations diffem(@i2015). Dunif1964)
providedtest for analyzing which populations differ based on ranks for those that wish to
know where differences lieather than the fact that there are differenBescton and
Beauchamp (2008) claim that the Dunn procedure (as seen in Zar,i$388)most common

method of pairwise multiple comparisons without making assumptions about normality.
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Esposito and Bauer (2017) provide an example of using a Kr\gklidice H test to compare
rank score withafollou p Dunnds t est heycomparescaresisetveedy wher
grade levels foan operended performance task without the assumption of normality or
equivalent distributions. This study used the methodology that Esposito and Bauer (2107)
utilized except looked for differences in the rankres between projects rather than across
grade levels.

Both the Kruskawa |l | i s and Dunnds tests were run |
to determine if there were statistical differences between the scores provided for each project
type of work in theproject and where any differencesaurred. This question addressed
Al l en and Knightodés (2009) step to determine
the quality of workThe gnall sample size arnthe inabilityto make assumptions about the
normality of the populationverethe main reasons for using nparametric tests to
investigate if there are differences between the mean scores from the participants for each of
the projects and subcategories.

Inter -rater Reliability

Inter-reliability looks d the consistency of scores from different raters across students
(Liao et al., 2010). Knowing the consistency of raters is impobcauseaters ommonly
have different standards for evalioat (Hoyt, 2000; Myford& Wolfe, 2003)and having
multiple ratrs providing different ratings for the same behavior defeats the purpose of
objectve measurement (Stemler, 2004hderstanding the reliability of a measurement
provides information to practitioners about tfaue of a measurement (Koo, R016).

Shraut and Fleiss (197%tatel that a typical interrater reliability study hasargets

rated independently byraters.Branoffet al.,(2016) began to look at the reliability of
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performance assessment within technical graphics with a reliability, sinye three
instructors each rated 10 submissions for each of two separate CAD modgis @iteria.
This study had eight ratei®m multiple universitiesndependently rate three randomly
selected projects on 18 different categories to investigaeater reliability otheraters
using Spearmanés rho and the reliealssl ity of
correlation coefficients (ICC).

Liao et al.,(2010)statethatcorrelation testssuchas® e ar s o n Kendal l 6s
S p e a r rh@ det@rsine the consistency ratings that multiple raters independently assign
for the same performance. Correlation coefficients range ftaim 1 with Orepresenting no
correlation between ordinal variabl@his study usethe analysis provided by 8arman
(1910)over others for two reasons. First, the use of ranks rather than raw data for
comparison require no assumptions about the disiiboff either variables (Sedgwick
2014). Secondkuth, NeuhausegndRuxton (2015kuggest that using ttsame measure as
previous studieallows foraneasier comparison. Branddf al.,(2016) provide the only
reliability study available in the technical graphics field that uses a correlation test to look at
the consistency afitings across multiple institors on the same projeci&his study used
Spear marmndnsSTATA D4.20 make comparisons with the previous study.

Stolarova et al., (2014)dvocatehat Pearson correlations can provide an association
of strength that enables comparisons but khoat be the only measure of intater
reliability. ICC is a widely used reliability index for interrater reliability analysisnultiple
fields of research (Koo & L.i2016; Shieh 2T2). ICC measures the degree or more raters

usean instrument toifferentiate quality (Liao, et al., 2010; Kottner et al., 2011). Stolarova
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et al., (2014) explaedthat ICC isaquality criterion of an assessment instrument or rating
processand can be regarded as an estimate of instrument reliability cedain caditions.

Multiple forms of ICC exist that can provide different results wherieghpo the
same data (Koo & L.i2016). Batko (1976), McGravandWong (L996)and Shroutaind
Fleiss (1979) providisalient definitions for the different forms of IC&ongwith
conditions for their use. ShroahdFleiss(1979)initially defined six forms of ICC
accompanied by four more forpfer a total of 10 by McGrawndWong(1996)

Distinguishing features for each form of ICC are basethemodel, type, and defition.
Landers (201pand KooandLi (2016) provide useful guidelines for selecting and reporting
ICC and resultsvere consulted for correct analysis of this study.

Model selection for ICC is based on whether or not there are consistent raters for all
rateesand ifthey area sample or population of ratefi$e participants for this study were a
sample of fundamental technical graphics instructors from EDGD that each assessed the
sample projects independentyith these conditions, a twway random effestmodel was
selected thattilizesa random effects model for raters that essentially controls for rater
effects when producing an estiteaf reliability (Landers, 209)5This model allows
generalizations about reliabilithat can be appliet any rates who possess the same
characteristicsfaaters in the study (Koo & L.2016).

Type selection for ICC determines whether there is interest in single rater
measurement or mean lofater measurementSituationsshould usehe6 si ngl e r at er o
whenratings from one instructor or teaching assistafiie basis of studerdcores.
Converselystudies should usbeé me akr aotfer s 6 t y p efsosrsprovidedh e me a

by multiple instructors are the basiseafchstudend score(Landers 2011)This study
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reportedooth types for comparison to resuttstained byBranoffet al.,(2016) and foa
comparison ofherating procedures.

The cefinition selection for ICC is the final consideration that determines whether
consistency or absolute agreement between rigtérs primary concer This study was
interested in absolute agreement to investigate the extent that different ratershassagnet
score to the same subiject.

Data were analyzed withvb-way random effectkCC, absolutemodel InSTATA
14.2(with alpha set .05)Chapter four containthe analysis resulte&nd comparisons
Thresholds of confidence interval ICC estimate valuesadsitrary but provide a rough
estimate for comparisoKoo and Li (2016) suggest that the most common thresholds for
reliability are poor below 0.5, moderate from 0.5 to 0.75, good from 0.75 to 0.9, and
excellent above 0.9.

Study Limitations

There are #w noteworthy limitations to this study that should be constietgen
reviewing and buildingn this study. Limitations include project selection, sample size,
software selection, artie population. The following elaborates on each of these.

First, the projects were randomly selected from a stratified pool that gave each project
an equal probability of being selected from their original scoredsigatifiedcategories.
Projects were sorted based on the scores provided by the original instructort @t o
evidence supporting the reliability of the scoring. The projects may have been in different
categories if scored by a different rater but original scores were the only data available for
stratification.The projects hadariatiors in different partsof the work sampleseaning that

some had better technical sketches with lower quality CAD models or other variations in the
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quality of the work. Tie results may have been different in the ettsattthree other projects
wereselected. Only three projeci®re evaluated due to the time requiredtade each of
theseinanattempto be respectful of the volunteer ra

Second, eight participants completed the foligovstudyover time with multiple
reminder emailand encaraging phone calld evels of agreement can be compared with
this population size, but looking &dtertrends such aorrelations between ratagreement
and years of experienogould require a substantially larger population.

Third, participants were only eligible tonpiaipate in the study if they currently use
the CAD package Solidworks at their institution. Each of the available student work
samples were completed in SolidwdEksand the literature suggested that the raters would
be required to open the files to exiae the models and assemblies for desigeninand
other modeling practicg&ult & Fraser, 2013Branoff, 2003; Branoff & Dobelis, 2014;
Kirstukas, 2013)Availability and familiarity with this specific software significantly
reduced the number of elide participantsand it is not possible to conclude that the
outcomes might have been different using-native file types and allowing instructoto
grade projects using theseftware ottheir choice.

Efforts to assess student work in EDG courses @rarang around the world.
Literature from European and Asian countries. Contero and Company (2013), Goh et al.
(2013),0thman (2007)andSanna et al. (2012)emonstrate efforts in the direction of
efficiently and reliably assessing student perforneand=DG courses. This study utilized
the EDGD of ASEE that has some outside representation but is heavily comprised of
individuals working at universities in the United States. Also, many instructors engage in

assessing student performance in EDG cowitésn the United States that are not members
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of the EDGD and their current practice andmatsample are not reflectedthis study.
Ultimately, there are multiple groups working to assess student work in fundamental
technical graphics courses around World however, the available EDGD directory was the
available sample to work with for this study.

This investigation answers the guiding research questimdsthe limitations
presented are an acknowledgement of the extesinformation portrays. Ery research
design is subject to limitatienSome limitations also provide a point of directionftather
study.
Summary

This research utilizethe literature and existing statistical methods to answer the
guiding research questior@athering data tsform professional practice within the
technical engineering graphics field required the use of abasbd survey to reach the 2016
EDGD membership. Challenges, rationale, and comparisons to studies using this same
method were provideddditionally, astudy was conducted to investigate the reliability of a
performance assessment measurement used in a fundamental technical graphiasingurse
steps outlined by Allen and Knight (2008)ight participants were selected from the survey
respondents to gradhree existing projects using the existing performance assessment
instrument. The scores were analyzed usingpaametric methods to determine if the
raters were able to differentiate between the quality of work on the different projects,
investigate he correlation of scores provided by the raters, and report rater agreement and
instrument reliabilityRationale, supporting literature, and precedent studies were discussed.

Results and comparisons of data are found in the following chapter.



64
CHAPTER 4: RESULTS

Introduction

Results from both a survey of performance assessment trends in introductory
engineering graphics courses and foHopvstudy of existing performance assessments
reliability are reported in this chapi@roviding data to answer tlggiestions guiding this
research. Participant demographic information, along with current performance assessment
practices and introduction engineering graphics courses as@ostdary institutions are
reported and analyzed. These data reveal informeglated to course size, performance
objective alignment, types of student work assessed, and how student performance is
assessed at each institution. This chapter also includes the results of aufollowestigation
into the reliability of a current pesfmance assessment instrument that examines scoring
trends across raters, projects, and sections of a common set of projects. Finally, a brief
summary of the results are provided in the conclusion.
Research Questions
1) What is the status of performamassessment in fundamental technical graphics courses

at postsecondary institutions?

i) How many students are assessed in these courses?

i) What student learning objectives are assessed?

i) What type of student work is assessed?

iv) How is each type of student work assed?
2) Are course instructorat the possecondary levedble to differentiate between the quality

of student work on reverse engineering projects in fundamentatsdakgraphics

courses using aexisting assessment instrument?
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3) Is there significant coelation betveen rater scores when using an exisfiagormance
assessment instrument?
4) Is there significant interater agreement for criteria of &xisting performance
assessment instrument?
Survey Population

To answer the first research questa@wellassub questionsan online survey
(Appendix C) was utilized. This survey collected data related to current performance
assessment practices utilized in introductory engineering graphics courses. Two hundred
invitations to participate in this studyeresent via email to members of the Engineering
Design Graphics Divisio(EDGD) of the American Society for Engineering Education
(ASEE) Fifty members respondgproviding a response rate of 25%. Of the 50 responses,
47 taught undergraduate engineering gregphourses and 38 those 47 were currently
teaching an introductory engineering graphics course at their university. These 39
respondents met the selection criteria established for this study and were included in the
following analysis.

Experience iseported as the number of years teaching introductory graphics. The
mean experience for this study is 14.59 years (SD = 11.23) and ranged from 1 to 41 years of
experience teaching engineering graphics séhestructors currently teach between one and
six courses per semestd£1.81,SD=1.06). The academic rank of the participants ranged
from graduate teaching assistants to full professor.

Academic rank data were seported and ranged from lecturer to full professor as

seen inTable 4.1
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Table 41. Academic rank of population.

Academic Rank Percentage Count
Instructor/Lecturer 23.08% 9
Teaching Assistant Professc 5.13% 2
Teaching Associate Profess 5.13% 2
Assistant Professor 12.82% 5
Associate Professor 20.51% 8
Professor 23.08% 9
Other 10.26% 4
Total 39

Fundamental Technical Graphics Course Enrollment

The survey asked the respondents about the numbBectiéns and students per
section providing theanswetrto the first sub question of searth question one and providing
anunderstanding of how many students are asses$addamental technicagraphics
courses at universities across the United States. The number of sections varied by the
university ranging from 1 to 30M=7.76,SD=6.59,n=38), and the average number of
students per section reported ranged from 15 to BB{b(.31,SD=61.2,n=39). The range
in class size and number of sections offered show that some universities offer an introductory
engineering graphics course to a small class one time pemyeae otheuniversities are
offering many large sections every semester to serve thousands of students per year.
Fundamental Technical Graphics Student LearningObjectives

The second sub question for research question one concerned the student learning
objectives of the cours®articipants selected the objectives that most aligned with their

fundamental technical graphiceurse from the performance objectives for introdoct
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engineering graphics courses defined by Barr (2012). The objectives were placed in
descending order by the percentage of participants that indicated that it aligned with their

course This rankingcan be seen imable 4.2.

Table 42. Course objestes covered in introductory engineering graphics courses.

Objectives Percentage
Ability to create dimensions 94.87%
Ability to create section views 84.62%
Ability to sketch engineering objects in freehand mode 79.49%
Ability to visualize 3D solid computer models 76.92%
Ability to create 2D computer geometry 76.92%
Ability to create 3D solid computer models 71.79%
Ability to generate engineering drawings from computer models 69.23%
Ability to perform design projects 56.41%
Ability to createpresentation graphics 43.59%
Ability to analyze 3D computer models 38.46%
Ability to solve traditional descriptive geometry problems 35.90%
Ability to create geometric construction with hand tools 25.64%
Knowledge of manufacturing and ragicbtotyping methods 17.95%

Other 17.95%

Thefiotheld category allowed participants to write in their own objectives and yielded
responses includin@eld sketching, creating moving assemblies, teamwork, tolerancing, and
theability to read and understand engineering drawings. From the list of objectives, the first
twelve use the term ability, which indicates that the students should be able to demonstrate

some sort of performance to meet this objective.
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Fundamental Technicd Graphics Performance Assessment

Instructors indicated that a strong majority (94.87 perecer®9) of courses require
students to use an engineering graphics soft
percentage of the student's course gradetsrmined by assignments requiring students to
demonstrate technical ability?0 the instruct
grade is determined by their ability to perform technical tagks56.18,SD=22.12,n=39).

The type of technical tasks that the students create in the class were reported in
Figure 4.1 Responses indicate that the majoatyundamentatourses require students to
turn in technical sketches (92.31%), computer generated assemblies (89.74%jecomp
generated engineering drawings (69.23%), and computer generated 3D models (69.23%). Far
fewer courses require students to turn in physical models created by hand (5.13%) and
digitally fabricated models (15.38%). Respondents who selected the otloer @[2i82%)
were given an opeanded text boand theiresponses included: field sketches, epaded
design project deliverables, written reports, presentations, and working drawing packages.

A range ofassessment methodscussed ithe literature sarked interest in the way
that each type of work is assesdeigure 4.2 below, shows the responses and reveals
performance assessment method trends. A majority of the assessment relies on the instructors
and teaching assistants. Physical models are alasgessed by an instructor or teaching
assistantal ong with the fAotherd categories previo
evaluation, and sekvaluation are only used on computer generated files and technical
sketchesAult and Fraser (2013Baxterand Guerci (2003)Goh et al. (2013Hekman and
Gordon (2013)Kirstukas (2016)and Kwon and McMains (201%yovide multiple

discussions about automated systeamd their advantages. However, the survey results
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suggest that these systems are notwaéspread withmost universities are not utilizing
these systems and rely mostly on instructors and teaching assistants for performance

assessment grading.
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Figure 41: Grading method utilized for different types of worlsassed in university
introductory engineering graphics courses.

Manual grading methods commonly rely on rubrics in order to define criteria and
specify performance that qualifies for each level or grade. A majority of the participants
(n=39, 79.49%) inttated that they utilize rubrics for assessing student work in their course.
Among those that indicated that they use rubriezetis a wide variety of rubrigpes that
are utilized in coursealong with some uncertainty about different types of rubrics.
Differences and uncertainty can be seen in the responses reganéithgr the rubrics
utilized werespecific or general. Participants were asked what type of rubrictiesiand to

select allthat applied. Responses can be sedrable 43 and indicate that more specific
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rubrics =39, 72.97%) are utilized than genena89, 48.65%,)but there are some
universities that utilize both types of rubric. Two respondent89, 5.41%) were unsud
whether their rubrics were specific or general.

Table 43. Responses to whether specific or general rubrics are utilized in introductory
engineering graphics courses.

Answer %  Count
Specific (made specifically for a certain assignment) 72.97% 27
General (can be used for multiple assignments) 48.65% 18
| am not sure 5.41% 2
Total 100% 37

Variety continued and uncertainty grew when participants were asked whether the
rubrics utilized in their courses were analytical or holistic. Tablebélow displays the
responses that include less overlap in types of rubrics than the previous quastien b
uncertainty about types of rubrics increased (n=37, 16.228n this data, ralytical
rubricsappear to benore common (n=37, 56.76%) than holistic rubrics (n=37, 32.43%) in
introductory engineering graphics courses.

Table 44. Responses to whether analytical or holistic rubrics are util
in introductory engineering graphics courses.

% Count
Answer
Analytian (_guic_:leli_nfes for each level of performance are provided fol 56.76% 21
each criterion individually)
Holistic (guidelines for each level of performance are the same for a 32 43% 12

criterion)
| am not sure 16.22% 6

Total 100% 37
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Along with the type of rubrics used, participants wereedskbout other rubric use
Survey results indicatithatratertraining is provided for using grading rubricssome
fundamental technicgraphics courses but that is not always the case. A slight majority of
the participants regularly offer training for using their grading rubrics in their courses (n=37,
51.35%).Meanwhile, other participantsdicatedthattraining is offered sometimes (n=37,
24.32%) and some do not offer training at all (n=37, 24.32%).

Finally, the survey asked if students were provided with written feedback on their
work. A majority of respodents (n=39, 64.10%dicatedthat they do provide written
feedback on assignments. Only one particigtatedthathe or she doesot provide written
feedback on assignmentghile the remaining33.33% participantssometime®ffer written
feedback omssignments
Follow-Up Study Participants

Survey results providedemographic information about performance assessment
practice in fundamental technical graphics. The second part of this study was interested in the
reliability of performance assessment in the coulSight instructors who currently teach
introductionengineering graphics courses at pastondary institutions participated in the
follow-up study to investigate the reliability of an existteghnicalgraphics performance
instrument utilized to assess final projects. Each of the participants individesigned
scores for each of categories for all three example projects provided. Experience teaching
engineering graphics courses ranged from 1 to 41 years for the partionginen average
of 10.25 years of engineering graphics teaching experiench.dahe instructors taught
between onandthree sections of engineering graphics courses per semester and report

having between 25 and 120 students per section.
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Ability to Differentiate Between Submissions

Allen andKnight (2009) suggest that a quglfubric is able to differentiate between
submissions of different quality. Taeterminewvhetherthe eight raters were able to
differentiate between thgualitiesof thealarm, knife, and microphone projects, the following
hypotheses were examined

Ho: Thee is no difference between the scores for each project.

Ha: There is a difference between at least one of the scores for the sample projects.

A KruskallWallis H test showed that there was a statistically significant difference in
total score between sgle projects ... (2)= 15.419p = 0.0005, with a mean total score of
95.625 for Project Alarm, 70.6875 for Project Microphone, and 72.5 for Project Knife.
Evidence supports that we should reject the null hypothesis in favor of the alternative
because theris a difference between at least one of the project scores.

To determineswbreb weopestgsificantly dif
test revealed that there was a significant difference in the total score for Project Alarm
between both Proge Microphone ...= 3.435,p = 0.0003, and Project Knif ...= 3.364,p =
0.0004. However, there was not statistical evidence to support a difference between Project

Microphone and Project Knifi...=-0.0708,p = 0.4718.
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Table 45. Results foDunn's test for total and each category for the project.

Projects Chi-Squared P-Value
Total

Alarm and Microphone 3.435 .000*

Alarm and Knife 3.365 .000*

Microphone and Knife -0.071 472
Sketch

Alarm and Microphone 2.516 .006°

Alarm and Knife 4.022 .000*

Microphone and Knife 1.506 .066

3D Models
Alarm and Microphone 2.667 .004
Alarm and Knife 2.902 .002

Microphone and Knife 0.234 407
Engineering Drawings
Alarm and Microphone 3.009 .00

Alarm and Knife 1.988 023
Microphone an&nife -1.021 .154
Assembly
Alarm and Microphone 3.451 .000*
Alarm and Knife 1.373 .085
Microphone and Knife -2.078 019
Note: * Significant at U =.05 ** Significant

The scores indicated that projects kadying quality throughout different areas of
the projecs. Even with a higher overall average score, the knife project was the lowest
ranked for the sketching portion. Detenmmii ng wher e each of the proj
weaknesses weraccording to the ratersequired lookng at the sketching, engineering
drawings, 3D solid models, and assembly scores individually. A Krdgkallis H and post
hoc Dunn6és test were run for each of the <cat
seen inTable 45 and the scores cdoe viewed graphically ifigure 4-2. Each category
displayed statistical differences in the scores for two of the three pairs of projects but not

always the same two projects.
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Scores in the sketching section support that raters found the sketching done in the
alarm project to be better than the sketching in the microphone pi...x2.5163p =
0.0059, and the knife projer...= 4.0225p = 0.0000. There is na@iny statistical support for
a difference in the scores between the sketching portion of the microphone and knife project,

...=1.5062p = 0.0660. Scores in the 3D solid mod...= 2.6672p = 0.0038, ...=
2.9015,p = 0.0019,and engineering drawing sectio ...= 3.0087 p = 0.0013,...=1.9879,
p = 0.0234, tell similar stories with statistical supmitowingscores on the alarm clock
project were higher than both the microphone and knife progsmectively. Tie data does
not support a statistical difference between the scores assigned for 3D solid ...dels,
0.2343,p = 0.4074, and engineering drawin ...=-1.0208,p = 0.1537, for the microphone
and knife projects.

The assembly section is the only sactthat does not place the alarm project scores
higher than both of the other projecthe alarm project was rated higher than the
microphone projec ...= 3.4508 p = 0.0003, on the assembly section. Raters awarded more
points to the knife project thahe microphone projec...=-2.0777,p = 0.0189. However,
there is no evidence to support a difference between the scores assigned to the alarm and
knife projecs, ...=1.3731)p = 0.0849, on the assembly section.

Scores assigned by the ratdesnonstrate that the alarm clock project was
consistently strong across each of the categaviesre the microphone and knife progect
had their own respective strengths and weaknesses. The data silgpohisre is a
statistically significant differerebetween the score for thlarm clock projecivhen
compared to both of the other projects. The difference in overall score between the

microphone and knife project were not statistically significihis evidence supports the
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rejection of the null hypthesis because at least one mean score was different frahéne
scores for overall scoring on teketch, model, drawing, and assembly gatg scores. This
indicates doundationof the fact that rater scores do differentiate for different qualifies o
work when using the existing performance assessment instrument.

Correlation of Scores by Raters

Research question thraeestigated the consistency of scores provided by each of
the raterdor each example project when using the existing assessment instriigert.
4.3 graphically demonstrates the variation of overall project sqwmsded by each of the
raters. Thetsength ofthecorrelation between each rater were calculated aretitéstall
scores together and all scores on each project individually 8smg@ a r maimSTATAr h o

14.2.
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Figure 4.3.0verall project scores by rater.
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Resultsas displayed iTable 4.6ndicatedthatstatisticallysignificant correlatioa

existbeween each pair of raters when looking at scores for all projects across each category

combined.The strongest correlation of all scores was between raters one and eight:

r(54)=.897 p<.001 andtheweakest correlation existed between raters seven and eigh

r(54)=.500,p<.001.Averages of the correlation values suggests that rater one had the highest

correlation of scores with all other ratengile rater seven had the lowest. Looking at only

the combined scores would support rejection of the null hypisthecause there are

statistically significant correlations between each pair of raters. Mesmeetermining the

consistency of scores provided for each project reqtestthgthe correlation of scorefor

each project individually.

Table 4.6 Spearna n 0 srelaGom Coefficient for altatings

Rater1 Rater2 Rater3 Rater4 Rater5 Rater6 Rater?7

Rater 2 .605**  -----

Rater 3 .810**  .648**  -----

Rater 4 .706**  .685**  .753** = -----

Rater 5 .887**  .719**  .776*  .745* -

Rater 6 .668**  .631**  .632**  .588*  .744* -

Rater 7 .619**  .569**  .624**  .625**  .607*  572* -

Rater 8 .897**  526** .796** .714**  841**  568**  500**

Note: * Significant at U =.05 ** Significant

Tables 4.7, 4.8, and 4.9 displegrrelation result$or the alarm, knife, and

microphone projects respectiveBll correlation coefficients for the alarm project are

statistically significant and higher than coatsbns on both other projects. Score correlations

for the knife project wre statistically significant for all pairs of raters except for raters four

and severn,(18)=.454p=.058 and raters seven and eigfit8)=.427 p=.077.0n the
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microphone project, twelve rater pairing score correlations were not statistically significant

with the lowest being between rater two and sem@d8)=.074,p=.7609.

Table 4.7. Spearmandés Correlation Coefficien
Rater1 Rater2 Rater3 Rater4 Rater5 Rater6 Rater7

Rater 2 .984**  -----

Rater 3 .963**  .984**  -—--

Rater 4 .907**  .898**  .875**  -----

Rater 5 .975**  .995**  O77**  907**  ----

Rater 6 .675** 710 .703**  .698**  .766**  -----

Rater 7 .896**  .921**  .909**  .890**  .927**  .691**  -----

Rater 8 .972**  979**  960**  .898**  971** .663** .886**

Note:* Significant at U =.05 ** Significant at

Table 4.8. Spearmandés Correlation Coefficien
Rater1 Rater2 Rater3 Rater4 Rater5 Rater6 Rater7

Rater 2 .759**  -----

Rater 3 .721**  .707**  -----

Rater 4 .766**  .727**  750** = -----

Rater 5 .884**  .656**  .759* 842* e

Rater 6 .798**  .722**  .663* 707 80r* e

Rater 7 .587* .529* S542* 454 53B* 690 -

Rater 8 .885**  .606** .753* 126* .883* .670* A27

Note: * SigniBiganfiaantU atOb =*001

Table 4.9. Spearmandés Correlation Coefficien
Rater1 Rater2 Rater3 Rater4 Rater5 Rater6 Rater7

Rater2 .13 ---—--

Rater 3 .809* 246 -

Rater 4 .539% 202 b46 -

Rater 5 .780* 553 .615* A57 -

Rater 6 .563 486 621+ 307 723* -

Rater 7 .693* -.074 .325 415 474 446 -

Rater 8 .853* .105 42 565 700 420 432

Note: * Significant at U =.05 ** Significant
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In summary fotthe correlation of rater scores, the data supports that thare is
significant correlation between scores provided by raters using the existing performance
assessment instrumefot some but not all projects. Ratings should be consistent between all
raters forall projects, but the results indicated that that is not the batee case of the
alarm project, the data supports that we reject the null hypothesis because significant
correlation exists between all rater scores. Howewethe microphone and knifgojects,
significant correlations exist between some but nataédlr scoresRaters were consistent
across the higher rated, alarm, project, but the consistency of the scores decreased with the
lower quality, microphone and knife, projecthis evidewe suggest that we should fail to
reject the null hypothesis because there are not statistically significant correlations between
all scores provided by raters.
Interrater Agreement

The fourth research question investigated whether therammterraer agreement
for the scores provided by raters when using the performance assessment instiainhent.

4.10 show results for ICC(2,8greement for individual and average measure.
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Table 4.10. Intreclass Correlation Coefficien{8CC) for Total Sum andCategory Sums

Ftest with True
95% Confidence Value 0 (df1=2
Interval df2=14)

Intraclass Lower  Upper
Correlations Bound Bound Value Sig

Total Single Measures .582 194 983 25.350 .000*
Average Measures 917 .658 998 25.350 .000*
Sketch Sum  Single Measures 741 .352 991 48.680 .000*
Average Measures  .958 .813 998 48.680 .000*
Model Sum Single Measures 335 .055 957 9.010 .003
Average Measures  .801 319 994  9.010 .003
Drawing Sum Single Measures 414 .088 968 10.760 .001**
Average Measures .849 435 996 10.760 .00I**
Assembly Sum Single Measures .606 214 985 20.380 .000*
Average Measures 925 .686 998 20.380 .000*
Portfolio Single Measures 480 123 975 12.660 .001*
Average Measures .881 529 997 12.660 .001*
Note: * Significant at U =.05 ** Significant

The ICC (2,8) agreement analysis revealed sicanit results for overall scores and
for the sum scores for each type of work submitted on the project. Overall, the average
measure IC,8)was .917with a 95% confidence interval between .658 and .998
(F(2,14)=25.350p<.001. This suggests that 91.7% of the variance in the overall average
score across all ratersasrue varianceKoo andLi (2016) suggest that even though the
overall scoes fall into the excellent reliability rangde 95% confidence interval suggests
that the reliability could be in the moderate or good range. The average measures for each
category all fall within the good to excellent range, lngle measures are mudtower. The

single measure for the sum model (.335), drawing (.414), and portfolio (.480) scores all fall
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within the poor reliability rangeand the 95% confidence intervals for all of the single
measures suggest that they might all fall in the poor range

ICC (2,8) agreement was also run for each catefithe instrumenirables4.11,
4.12, 4.13, and 4.14 provide results for the analysis for the sketching, model, drawing, and
assembly categoriggespectively. The intralass correlation analysis raled significant

results for twelve of the eighteen individual categories within the instrument.

Table 4.11. Intraclass Correlation Coefficien{8CC) for Sketching Criteria

Ftest with True
95% Confidence Value 0 (df1=2
Interval df2=14)

Intraclass Lower  Upper
Correlations Bound Bound Value Sig

Sketch 1 Single Measures .685 .289 989 32.680 .000*
Average Measures .946 .764 999 32.680 .000*
Sketch 2 Single Measures .786 427 993 35.120 .000*
Average Measures 967 .856 999 35.120 .000*
Sketch 3 Single Measures .384 .071 965 9.000 .00%
Average Measures .833 379 995 9.000 .00&
Sketch 4 Single Measures .749 .369 992  27.630 .000*
Average Measures .960 .824 999  27.630 .000*
Sketch 5 Single Measures 301 .035 952 6.730 .00%
Average Measures 75 225 994 6.730 .00%
Note: * Significant at U =.05 ** Significant

Results for the technical sketch categ@gen in @ble 4.11demonstrate that there
was significant agreement across all technical sketching criteria. The highest level of
agreement on the sketch can be seen in the second category, view alignment, that had an
average measures ICC(2,8) of .9%1th a 95% confidenceterval between .856 and .999

(F(2,14)=35.120p<.001. The fifth category, appropriate part nah@lthe lowest level of
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agreement among raters on the technical sketith an average measures ICC(2,8)/f5

with a 95%confidence interval between22 and .994F(2,14)-6.730, p=.009 For

individual measuresll categories except thrdae type(.384), and five, appropriate part

name(.301), have at least moderate levels of agreement. The average rater scores for the

technical sketch categories Have significant agreement for all individual categories but not

for individual raters for the line type and appropriate part name catedoviesall, for the

sketch, the data supports the rejection of the null hypothesis because there is significant

agreement of raters on the sketch categories.

Table 4.12. Intraclass Correlation Coefficien{8CC) for Model Criteria

95% Confidence

Ftest with True
Value 0 (df1=2

Interval df2=14)
Intraclass Lower  Upper

Correlations Bound Bound Value Sig

Model 1 Single Measures 137 -.026 .903  3.000 .082
Average Measures .560 -.258 .987  3.000 .082

Model 2 Single Measures 412 .073 969 7.870 .00%
Average Measures .849 .387 .996 7.870 .005

Model 3 Single Measures .010 -.027 .873  2.680 104
AverageMeasures 469 -.265 .982 2.680 104

Model 4 Single Measures .047 -.045 .823  1.700 218
Average Measures .283 -.528 974 1.700 218

Model 5 Single Measures .065 -.042 .847  1.960 178
Average Measures .358 -.479 978 1.960 178

Note: * Significantal =. 05 ** Signi ficant at U =

Category sum analysiseen in Table 4.12gveal that the model section hhe

lowestrater agreement for bottverage (.801) and single measures (.335) ICC(Ri&).

. 001

individual category results indicated that there wly significant agreement for the second
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category, fully defined sketches (.84Bjtraclass correlations fall within the poor category

for the model orientation (Model 1), accuracy (Model 3), model procedure (Model 4), and

appropriate part name (Mods) criteria This evidence supports thalhhypothesis that

there is naater agreement for model scores.

Table 4.13. Intraclass Correlation Coefficien{8CC) for Drawing Criteria

95% Confidence

Ftest with True
Value 0 (df1=2

Interval df2=14)
Intraclass Lower  Upper

Correlations Bound Bound Value Sig
Drawingl  Single Measures .343 .051 959  7.710 .006
Average Measures .807 .303 994  7.710 .006
Drawing 2  Single Measures .281 .010 951 4890 .02%
Average Measures 157 077 994 4890 .02%
Drawing 3  Single Measures 278 .037 945  8.060 .00%
Average Measures 755 234 993 8.060 .00%

Note: * Significant at U =.05 **

Table 4.13 presents the results of the hatess correlation analysis for individual

criteria for the engineering drawing section. For average measures, the instrument reliability

fell in the good category for all three criteria. Individual measuresvigiin poor reliability,

but all have significant

agreement

at

hypothesis because there is significant agreement for all individual categories on the

engineering drawing assessment criteria.

U

Significant

. 05
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Table 4.14. Intreclass Correlation Coefficien{8CC) for Assembly Criteria

Ftest with True
95% Confidence Value 0 (df1=2
Interval df2=14)

Intraclass Lower  Upper
Correlations Bound Bound Value Sig

Assembly 1  Single Measures 480 123 975 12.660 .001**
Average Measures .881 529 997 12.660 .00I**
Assembly 2  Single Measures .019 -.081 .823  1.200 .332
Average Measures 136 -1.490 974  1.200 .332
Assembly 3 Single Measures .256 -.020 948  3.750 .04%
Average Measures 734 -.185 993  3.750 .049%
Assembly 4 Single Measures 313 .031 955 6.000 .01%
Average Measures .784 .202 994 6.000 .01%
Note: * Significant at U =.05 ** Significant

Finally, Table 4.14 presenthe results of the intralass correlation atysis for the
assemblysection. Correct mates/relations (Assembly 1), ICC(2,8)=.881 was the only
individual category with significant agreemegatt t he U =. 001 | evel
(.734) and CAD drawing of assembly (Assembly 4) (.784) both had significant rater
agreere nt  wi tHoweler, scor8sFor the assembly orientation (Assembly 2) (.136)
category did not yield significant rater agreement. The data supports the null hypothesis
because there i® significant rater agreement for each individual criteria oragsambly

section.

The data supports that there is significant rater agreement for sumfscdhesentire

projects and category sums. Dropping to the individual scoring criteria supports that there is

significant rater agreement for all technical skedad engineering drawing criteria but not

for all criteria in the CAD model and CAD assembly categories.

Ma t
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Summary

Results presented in this chapter demonstrateydragrallyfundamental technical
graphics courses at pestcondary institutiongse similar student learning outcomes and
commonly assesses student proficiency with performance assessrhennost commonly
assessed student artifacts incltelehnical sketches, computer generated engineering
drawings, computer generated 3D solid misdand computer generated assemblies.
Assessment of these artifaet® mostly graded by instructors and teaching assistants using
rubrics. Training is not always provided for raters and levels for scoring criteria are not
always defined.

The scores wersignificantly different for at least one project overall and on each
project category. This supports rasability to differentiate betweethe qualities of student
work when using the existing instrumeHbwever, the consistency of this differenteti
varies with the quality of the projedhere were significant correlations between the scores
provided by all radrs for thehigher qualityalarm clock project;however not al | rat e
scores had significant correlation for the other two projecthie datssuppors that scores
provided by multiple instructors can haveltmicorrelation on some projects and
simultaneously lower correlations between scores on other prdi@ets though the raters
were able to find differences in the quality of theject, the lack of correlation between
judges scores, specifically on the microphone project, suggest that these are not reliable
differences.

Finally, ICC analysis results support that there is significant rater agreement when
looking at overall scorera sum scores for each of the project categamiéise event of

using average measurésdividual criteria ICC results support that thera ssgnificant rater
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agreement on twelvef the eighteen rating criteria for this project, but the other six criteria
are subject to low rater agreement and should be further investigated to improve the

reliability of the instrument.
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CHAPTER 5: DISCUSSION

Introduction

Higher education in the United States is increasingly utilizing performance
assessments as a measure the attainment of student learning objectives and provide
accountability for students and institutiola@rtman et al., 200®&aartman, Gulikers, &
Dijkstra, 2013; Cumings, Maddux, & Richmond, 20p8erformance assessments are used
throughout multiple disciplines (Hack, 2015) including technical graphlususands of
students per year take fundamental technical graphics courses that must be assekssad base
skills and knowledge for the sake of reporting student progress, program evaluation, and
accreditatiofABET, 2016a) Institutions handle the student load by creating multiple
sections or larger sections but, ultimately, need to assess the skills of a large number of
studentsReliable instruments are required to determine the success of the lessons in the
curriculum rehting to specific learning objectives. For example, the ability to freehand
sketch engineering parts needs to be examined to see how well students are learning to sketch
during the course. Without a reliable instrument, there is a possibility for defesancskill
to go unnoticed for individual students and even entire programs (Moskal & Leydens, 2000).

This research was conducted as a-paa studyA web-based survey of the EDGD
membership was used to investigtite status of performance assessnrefitndamental
technical graphics courses at postsecondary institutions including the number of students
assessed, learning objectives assessed, type of student work assessed, and methods for
assessment of performance tagkssults revealed performancesassment trends, discussed
in the next section, and provided participants for the following reliability study.

The reliability study had eight fundamental EDG instructors from various universities
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each individually assess three existing reverse engiggeprojects of various quality with
the guidance of the current performance assessment instrument. Example projects were
randomly selected from existing projects that were stratified by grades given by the instructor
when the project were completed withegoroject originally receiving an A, 9100; one
receiving a B, 8@9; and one a C, 709. Participant scores were analyzed withKhaskal
Wal lis H and post heitcoutseinstrutteraereabdettos t o det er n
differentiate between the qualiof student work on reverse engineering projects in
fundamentals technical graphics courses usingxigting assessment instrument.
Spear mands Rho therewassignificant aorretatiom detyveee rater scores
when using the pormance asessment instrument. Finally, inttiass correlation
coefficients [CC(2,8)) were used to test feignificant intefrater agreement for criteria of
the existing performancessessment instrumemesults fromhese tests and implications are
discussedn the following rubric development and validation section.
Performance Assessment Trends in Technical Graphics Courses

Across universities, the data suggests that these courses have common objectives. A
majority of the participants suggest that their faameé:ntal technical graphics course covers
dimensioning, section views;2 computer geometry, andl3 solid computer models, how
to sketch engineering objects in freehand mode, visualized@id computer models,
generate engineering drawings from compuatedels, and perform design projects. These
results support that most fundamental technical graphics courses are still currently utilizing
the top rated outcomes reported by Barr (201
work by also including typesfevork and methods employed in these courses to measure

these learning outcomes. This study found that the types of work assessed in these courses
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also sharé commonality Digital and physical models weessessed at a few universities,
but the four primar types of student work assessed in fundamental technical graphics
courses are technical sketches, computer generated engineering drawings, 3D models, and
assemblies. Similarities can be seen across course objectives and types of student work
assessed inhdamental technical graphics courses.

Multiple approaches to performance assessment have emerged in technical graphics
courses, including computautomated methodsexampleAult & Fraser (2013); manual
grading with rubrics or checklistexampldarr etal, (2014); verbal protocol analysis,
example Menary, Robinson, & Belfast (2011); peer; self; observation; and adaptive
comparative judgement. Each of these approaches is thoroughly described in the literature
with their advantages and limitations, busidifficult to tell the extent of their usage. Even
though there are many positives, including the speed and accuracy of automated computer
grading, the data suggest that these are not widely utilized in fundamental EDG courses at
this time. However, theurvey results from this study support that the majority of the
performance assessment is completed by instructors and teaching assistants, with peer
assessment in a distant third place. A few universities utilizesséfissment and computer
automated asssment systems, but a majority of the performance assessment workload falls
to manual grading done by instructors and teaching assistants using rubrics. These results
support the need for validated rubrics in fundamental EDG courses as they are thg primar
measure of student achievement.
Rubric Development and Validation

Even though this study supports that rubrics are one of the primary measures of

student achievement within fundamental EDG courses, the the development and validation of
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rubrics are not widespread throughout the literature. Examples of instruments can be seen
such as Branoffdés (2004) trip |l ever and fina
flange manual grading rubric, Braa mo feft and 630
(2000) evaluation sheet, but none of these provide the process or data supporting the
reliability or conditions for reliable scoring with these instruments. Branoff et al. (2016)
provided one of the first studies in the field to examinaritre-rater reliability of an
instrument within the technical graphics field.

This study wutilized Branoff et al.ds (201
raters along with use raters from multiple universities. This study also expanded upon
Bramf f et al .dé6s (2016) study that | ooked at t
other types of student work including technical sketches, engineering drawings, and CAD
assemblies in addition to 3D CAD models. The additional types of student warlealtbis
study to look at each of the primary types of student artifacts assessed in fundamental EDG
courses as reported by the EDG instructors in the first part of study. This study expanded
upon Branoff et al . od6s (2016yAlemandiKoghto! ogy by
(2009) to not only investigate the reliability of the measurement process, but also the ability
of the process to differentiate between quality work.

This study tested an existing technical graphics performance assessment insttument t
determine if scores differentiated between the quality of work on the example projects and
the the reliability of scores provided by multiple instructors. The scores provided by eight
fundamental technical graphics instructors across multiple universiti® rated three

example projects independently, were analyzed three ways to determine the usefulness and

reliability of this scoring procedure.
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Performance assessment scores are useful in the event that they can differentiate
between high and low qugtiwork (Allen & Knight, 2009). Examples such as Branoff and
Dobelisd (2012) compar idthatthe sarhe ptojects mayudeaive c s d €
different scores based on the rubric they are graded with and that one of their rubrics did not
provide nuch variation in scores across all of the work while the other rubric did. This study
used varying quality example projects, as se
the scores varied with the quality of the work. Results from a Kritedlis H test and post
hoc Dunndéds test found and identified signifi
one of the projects for overall scores and scores for each of the four types of student work.
The data supports that the scores provided by indiVidiiers using this instrument were
able to differentiate between the qualities of student work on the example projects and that
there was some variety of quality across these projects. This variation was also important for
the next part of the study a®& and Li (2016) stress the importance of a heterogeneous
sample when possible for a reliability study.

After investigating the ability to differentiate between quality of work, Allen and
Knight (2009) suggested to investigate the reliability of scor@ged using the instrument.
Methods outlined by Shrout and Fleiss (1979) and used by Branoff et al. (2016) were utilized
for a reliability study to answer questions about rater consistency and agreement due to
similarities of research design and for eas@mmparison of results as suggested by Puth,
Neuhauser, and Ruxton (2015).

Spearmands Rho was used to analyze score
indicated that there was significant correlation between each pair of instructors for the alarm

clock project, but significant correlations did not exist between each pair of raters on the
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microphone and knife projects. The significant correlations between each pair of raters on the
one project while not always on the others demonstrate that there sagnlficant
correlation between scores on some projects while not on others. These results are similar to
Branoff et alédés (2016) that had significant
model while simultaneously not on another model. Theselts demonstrate the importance
investigating rater consistency across different instances the instrument is used to validate the
consistency of scoring across each situation in which the instrument is used.

Finally, an ICC(2,8) agreement was perforn@thvestigate the extent raters
provided the same score for each project, section, and category. Results from this analysis
provide insight about the reliability of scores for each area. ICC average measures were
higher than single measures for all ars@sjlar to results found by Branoff et al. (2016).
The data support agreement among scores across raters and was statistically significant for
overall score and category scores. Branoff et al. (2016) reported that the study rubric appears
to generate radble results for the overall rating of the two models, but there was not
significant correlation between all the raters on both of the projects. Low correlations on
individual categories suggest unaccounted for variance and point to areas that need
refinement. This study found agreement on individual criteria was significant for all but four
categories. Overall, there is statistically significant reliability of total scores, but there is a
need to look further at the individual criteria that raters dicagoée on to increase
instrument reliability.

This study was able to identify areas of weakness in the current instrument and
suggest further investigation be done to improve the reliability the specific areas identified

with low reliability along with increasing the individual measure of reliabifiscores made
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by individual instructors independently are going to be used for comparison rather than
average scores made by multiple instructors. Andrade and Reddy (2010) along with Branoff
et al. (2016) suggest possibilities to improve instrument rafiility that include providing
more detailed descriptors for each category, providing specific criteria for point values, and
providing training before individually scoring. The process utilized in this study
demonstrates a method for investigating thiabdlty of instruments that provide insights
about areas of improvement and results éinaeasily compared to using trasalysis.
Aut hordéds I mplications

The process of investigating and validating a performance assessment instrument is a
lengthy but neessary process establish reliability for assessing student work. This study
demonstrated to the researcher that performance assessments should be analyzed even if they
are in use, analyzed in depth, and analyzed through a variety of statistical amhbysis.
following explains how this research lead to these suggestions.

Even though performance assessment is used in many fields to measure student
learning objectives, the reliability of scoring is not always examined or well documented.
This study demonsited the importance of investigating scoring methods to pinpoint areas
for improvement rather than accept the methods because they were in use or developed by
esteemed colleagues.

Not only should performance assessment practices always be tested, shotiidy
also be tested for each application or variation that they will be utilized for. Looking at
overall score correlations may mask the truth as se€abie 4.6where each pair of raters
scores were statistically significant. Breaking the correlataown into the different projects

revealed that the high correlations for the alarm project, sekabie 4.7 had masked the
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low number of significant rater pairs on the microphone project, seeable 4.9 A similar
situation occurs in the overall @results inTable 4.10vhere each of the categories had
statistically significant agreement, but looking directly into each of the criteffables
4.11, 4.12, 4.1Fhowed that there was not significant agreement across each of the criteria.
These reglts support the importance of digging into the different applications to ensure that
the scoring is reliable for all situations and criteria.

In addition to levels, a variety of analysis provide a more holistic investigation that
can identify different waknesses that require different approaches to imprayare 4.3
demonstrates the overall scores for each of the projects where the final scores have some
variation but an overall pattern for all but rater 7. There is a jump in the scores where rater 7
provided scores in the 40s for both the knife and microphone projects while most all of the
other raters had provided passing scores. This variation indicates perhaps some intervention
or training might be needed improve the correlation of scoring fordtes that seems to
view the quality of the projects quite differently than the others. Differences in the number of
pairs of raters with significant correlation across the different projects suggests that there
might be a difference in the reliability fdifferent quality or subject matter. Using the same
part for all students or having a similar complexity is recommended to help improve
consistency there. Finally, the intthass correlations revealed specific criteria with and
without significant agreeent for the raters. The areas with low agreement could possibly be
improved with better wording, specific levels and descriptions, or training. A variety of
analysis provides multiple angles for researchers to analyze performance assessment

practices for eeas of improvement.
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This reliability study demonstrates a method for investigating the reliability of
performance assessment practices but also emphasizes the need for investigating scoring
practices in performance assessment. Overall, this study ssifp@rieed for investigating
existing performance assessment scoring, investigating reliability in depth across all
situations the assessment is utilized, and using a variety of analysis to determine different
areas for improvement in practice.

Recommendaions for Performance Assessment in Technical Graphics

This study builds upon previous investigations of performance assessment in
technical graphics courses and creates several falfpguestions and possible future
directions. Work demonstrating the potial of computer assessment of student work
provides hope to instructors buried under mountains of student work to assess, but the survey
data shows that a majority of student work in fundamental technical graphics courses is still
completed by instructs and teaching assistants. Information gathered in this study provides
evidence for several areas of follmp investigation and work.

First, review of the literature shows that there are multiple efforts that have been
completed or are in therocess of developing ways to judge the quality of student work in
technical graphicéAult & Fraser, 2013Barr et al, 2014Baxter & Guerci, 2003Branoff &
Dobelis, 2012, 2013, 2018ranoff & Dobelis,2014 Kirstukas & AmayaBower, 2016
Mclnnis, Sobin Bertozzi, & Planchard, 201®lenary, Robinson, & Belfas?011).

Challenges to effective assessment inaiLitie consistency ofters (Branoff et al2016),
large class sizes, the time required to grade student work (Goh, Shukri, & Manao, 2013;
Kwon & McMains, 2015), and assesdssign intent (Devine & Laingen, 2013)hese efforts

represent substantial amounts of effort and knowledge but only provide the view of either a
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single instructor or team of instructors and individual universities. Generatimmgsansus
throughout the engineering design graphics community for what constitutes quality work for
each of these four main types of student work would be beneficial to the advancement of
reliable performance assessment instruments in this field. Sweselysrindicated technical
sketches, computer generated 3D solid models, computer generated engineering drawings,
and computer generated assemblies are the four primary type of student artifacts assessed in
fundamental technical graphics cours€ansideation and efforts to develop successful
assessments for technical graphics courses will require collaborative efforts by universities or
researchers to create reliable instruments. Moving back to the earlier steps of Allen &
Knights (2009) process for rubrdevelopment and validation may prove useful in the
development of reliable instruments of professional value.

Participant comments about the existing instrument were not reported in the results
because they were not within the scope of this investigiatiut they did indicate that
opinions differed about the current criteria. Tolerancing and part difficulty are two of the
criteria that were mentioned as additions to
comments.The criteria for quality of student woHad been developed through multiple
efforts. A consensus or ranking of what constitutes quality for each type of student work
commonly submitted in fundamental technical graphics courses would be beneficial for
instructors and researchers in technicapfgres. Knowing these criteria for each type of
work would provide opportunity for increased commonality between instruments and allow
additional comparisons.

Secondthe lack of correlation between all raters and low individual rater agreement

supports thatonsideration should be given to Branoff ed &2016) statement that
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Afécategory correlations could be i mproved by
detail ed descr i pt o Additiood investigatiobn skcoald ldotpseey ( p. 8)
this further definitiorfor categoriesncreases the reliability of scores that fall into the middle
ranges that had lower interrater reliability than the higher ranked project. Comparisons
should be conducted between instruments that deszaitielevel of quality for each criteria
and those that only list the different categories. Differences in reliability may be found for the
lower level work between the instruments and there is also a chance for reduced time for
student feedback or increasstudent feedback as the descriptors may provide verbiage
explaining their shortcomings without the instructor having to write it out for individual
students. Training of raters, for increasing the reliability of performance assessment methods,
is also ararea in need of study.

Third, the process of finding multiple raters and shared projects that reflect the
common type of work assessed in technical graphics can be quite time int€hs\study
shows that many people are working to assess the sanseofygtedent artifacts, and the
development of general instruments might be beneficial for making informed decisions at
multiple universities. Validation of assessment instruments is a challenging and time
consuming task, but it is necessary to know therdgxo whichstudents are meeting student
learning outcomes in fundamental technical graphics courses that prepare future engineers to
communicate, document, and analyze their desfgosparisons with other instruments,
raters, or modifications using tle@ample work, results, and raw data provided here are
encouraged for the improvement of assessing stidamnting objectives in technical

graphics.



98

Finally, ICC data from this and Branoff et al. (2016) supports the amount of variance
t hat i s cfercealndvarsi aaln ways higher for average
feasible, average scores from multiple raters should be used when significant decisions about
student proficiency are being made using this instrument.
Summary

This study surveyethe technical graphics community to clarify objectives, types of
student artifacts assessed, and assessment methods utilized in fundamental technical graphics
coursesat the possecondary levelThis survey verified that rubrics are the primary method
of grading the primary artifacts submitted for performance assessments inrhessity
courses and supplied participants for studying the reliability of an existing performance
assessment instrument. This study adapts the methodology of Allen and Ro@®x and
builds upon Branoff et al.oés (2016) work to
assessment instrument for use in fundamental technical graphics courses. Study results
aligned with those found by Branoff et al. (2016) and support themofiAndrade and
Reddy (2010) that the use of a rubric does not ensure a reliable measurement.

These resultsxform animportant discussions about performance assessment in
general and performance assessment within the technical graphics field. Sudigsrare
needed for the development of performance assessment instruments with empirical support
of reliability to measure student and program success. This study provides a r&bionale
increased attention to rubrics within technical graphics, suggsedto improved reliability
in performanceassessment measures, and a metioeisting performance assessment
instruments that can identify areas of weakness and be easily compaxeditgreliability

studies.
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APPENDIX A: IRB EXEMPT STATUS APPROVAL

9/22/2016 North Carolina State University Mail - Clark - 9276 - IRB Protocol assigned Exempt status

N c STATE Kevin Sutton <kgsutton@ncsu.edu>

Clark - 9276 - IRB Protocol assigned Exempt status

IRB Administrative Office <pins_notifications@ncsu.edu> Wed, Sep 21, 2016 at 5:02 PM
Reply-To: debra_paxton@ncsu.edu
To: kgsutton@ncsu.edu

Dear Kevin Sutton:

Date: September 21, 2016

IRB Protocol 9276 has been assigned Exempt status

Title: Performance Assessment in Introductory post-secondary Engineering Design Graphics Courses
PI: Clark, Aaron

The research proposal named above has received administrative review and has been approved as exempt from the
policy as outlined in the Code of Federal Regulations (Exemption: 46.101. Exempt b.2). Provided that the only
participation of the subjects is as described in the proposal narrative, this project is exempt from further review. This
approval does not expire, but any changes must be approved by the IRB prior to implementation.

1. This committee complies with requirements found in Title 45 part 46 of The Code of Federal Regulations. For
NCSU projects, the Assurance Number is: FWA00003429.

2. Any changes to the protocol and supporting documents must be submitted and approved by the IRB prior to
implementation.

3. If any unanticipated problems or adverse events occur, they must be reported to the IRB office within 5 business
days by completing and submitting the unanticipated problem form on the IRB website: http:/research.ncsu.edu/
sparcs/compliance/irb/submission-guidance/.

4. Any unapproved departure from your approved IRB protocol results in non-compliance. Please find information
regarding non-compliance here: http:/research.ncsu.edu/sparcs-docs/irb/non-compliance_faq_sheet.pdf.

Please let us know if you have any questions.
Sincerely,

Deb Paxton
919.515.4514

IRB Administrator
dapaxton@ncsu.edu
NC State IRB Office

Jennie Ofstein
919.515.8754

IRB Coordinator
irb-coordinator@ncsu.edu
NC State IRB Office

https://mail.google.com/mail/u/0/?ui=2&ik=115435c374&view=pt&search=inbox&msg=1574e8e5d017b731&simi=1574e8e5d0 17b731 1
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APPENDIX B: ENGINEERING DESIGN GRAPHICS PERFORMANCE
ASSESSMENT SURVEY EMAIL

From: Aaron Clark

Subject: Survey of Performance Assessment Practices in Introductory Engineering Graphics
Courses

I am writing on behalf of Kevin Sutton to request your participation in a brief survey of
performance assessment practices in introductory engineering graphics courses. Performance
assessment provides data for student achievement at an individual and class level. He is
interested in collecting demographic information to better portray the current status of

performance assessment in introductory courses.

The survey is brief and will only take 10 minutes to complete. Please click on the provided link

or copy paste the web address into your browser to access the survey.

Your participation in the survey is entirely voluntary, and all of your responses will be kept
confidential. No personally identifiable information will be associated with your responses to
any reports of these data. The NC State University Institutional Review Board has approved this

survey. Should you have any comments or questions, please feel free to contact Kevin Sutton at

kgsutton@ncsu.edu or (919) 515-0221.

Follow this link to the Survey:

${1://SurveyLink?d=Take the survey}

Or copy and paste the URL below into your internet browser:
${1://SurveyURL}

Follow the link to opt out of future emails:

${1://OptOutLink ?d=Click here to unsubscribe}

Thank you in advance for your time and cooperation. Your participation is important to this
investigation and the improvement of performance assessment practice in our field.

Professionally yours,

Dr. Aaron C. Clark, DTE
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APPENDIX C: ENGINEERING DESIGN GRAPHICS PERFORMANCE
ASSESSMENT SWRVEY

North Carolina State University
INFORMED CONSENT FORM for RESEARCH
Title of Study: Performance Assessment in Introductory post-secondary Engineering Design Graphics Courses
Principal Investigator: Kevin G. Sutton Faculty Sponsor (if applicable): Aaron C. Clark

What are some general things you should know about research studies?

You are being asked to take part in a research study. Your participation in this study is voluntary. You have the right to be a part
of this study, to choose not ta participate or to stop participating at any time without penalty. The purpose of research studies is
to gain a better understanding of a certain topic or issue.

You are not guaranteed any personal benefits from being in a study. Research studies also may pose risks to those that
participate. In this consent form you will find specific details about the research in which you are being asked to participate. If
you do not understand something in this form it is your right to ask the researcher for clarification or more information. A copy of
this consent form will be provided to you. If at any time you have questions about your participation, do not hesitate to contact
the researcher(s) named above.

What is the purpose of this study?
The purpose of the study is to investigate the current performance assessment practices and the validity of a performance
assessment instrument utilized in post-secondary engineering design graphics courses.

What will happen if you take part in the study?

If you agree to participate in this study, you will complete a questionnaire about performance assessment practices at your
institution. Some participants will be contacted after the survey and requested to participate in a follow-up study. Participants
who agree to participate in the follow-up study will be asked to use an assessment instrument to grade three example student
projects.

Risks and Benefits

I do not anticipate any risks to you participating in this study other than those encountered in day-to-day life. There will be no
direct benefit for participation in the study. However, your participation will benefit the study of performance assessment in
engineering graphics courses.

Confidentiality

The information in the study records will be kept confidential to the full extent allowed by law. Data will be stored securely in
password-protected programs. No reference will be made in oral or written reports which could link you to the study. Your email
address will only be requested in the survey if you consent to be contacted for participation in a follow-up study. Your provided
email address will not be distributed or used as any part of the data analysis.

Compensation
You will not receive anything for participating in this study.

What if you have questions about this study?
If you have questions at any time about the study itself or the procedures implemented in this study, you may contact the
researcher, Kevin Sutton, at kgsutton@ncsu.edu, or 919.513.0221.

What if you have questions about your rights as a research participant?

If you feel you have not been treated according to the descriptions in this form, or your rights as a participant in research have
been violated during the course of this project, you may contact Deb Paxton, Regulatory Compliance Administrator at
dapaxton@ncsu.edu or by phone at 1-919-515-4514.




117

Al have read and unde ihate eecetvedia bopy ofttisdoviie i nf or n
agree to participate in this study with the understanding that | may choose not to participate

or to stop participating at any time without penalty or lwfdsenefits to which | am

ot herwise entitled. o

¢ Agree

¢, Disagree

In what type of university do you teach?
¢, Public

¢, Private

¢, Forprofit

What is your academic rank?
;, Instructor/Lecturer

Teaching Assistant Professor
Teaching Associate Professor
AssistantProfessor

Associate Professor
Professor

Professor Emeritus

Other

(ST S SV SV VI NV VTN

What is your current tenure status?
¢, Tenured

¢, TenureTrack
¢, Non TenureTrack

Do you currently teach undergraduate engineering graphics courses?

¢ Yes

¢, No

How many years hawou taught engineering graphics courses?

How many undergraduate engineering graphics courses do you teach per semester?
Does your institution currently offer an introduction Engineering Design Graphics course?
¢ Yes

¢, No

What is the name of the introduatiengineering graphics course?
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How many sections of your introduction engineering graphics course are offered each
academig/ear?

What is the average number of students enrolled in each section of the introduction
engineering graphiasourse?

How many nstructors teach your introduction engineering graphics course during each
academic year?

Are students required to use a graphics software as a part of the introductory engineering
graphics course?

¢ Yes

¢, No

What is the name and version (year) of the prinsaftware used for instruction?

Select the student outcomes that align closest with your introduction engineering graphics
course.
Ability to create 3D solid computer models

Ability to sketch engineering objects in freehand mode
Ability to visualize 3D solid computer models

Ability to create dimensions

Ability to generate engineering drawings from computer models
Ability to create 2D computer geometry

Ability to create section views

Ability to perform design projects

Ability to analyze 3D computer moels

Knowledge of manufacturing and rapid prototyping methods
Ability to create presentation graphics

Ability to solve traditional descriptive geometry problems
Ability to create geometric construction with hand tools
Other

O 0000000000000

Do the stuénts complete any visualization test(s) during the introduction engineering
graphics course?

¢ Yes

¢, No

¢, Sometimes

What is/are the name(s) of the visualization instrument(s) used?
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What percentage of the student's course grade is determined by assignmeirig requ
students to demonstrate technical ability?
Click on slider bar and drag it to the nearest percentage

What type of student work is assessed in your introductory course? (Please select all that

apply)
Technical sketches

Computer generatessembly models

Computer generated engineering drawings

Computer generated 3D models

Hand made physical models

Digitally fabricated physical models (ex. 3D printed model)
Other

O 000000

How is each type of work assessed?

In what format aretadent assignments submitted? (Select all that apply)

Are rubrics utilized for assessing student work?
¢ Yes
¢ No

What types of rubrics are utilized? (Select all that apply)
C Specific (made specifically for a certain assignment)

C General (can be used for mple assignments)
C lam not sure

Are the rubrics analytical or holistic?

C Analytical (guidelines for each level of performance are provided for each criterion
individually)

C Holistic (guidelines for each level of performance are the same for all criterion)

C | am not sure

Are raters provided with training or examples for using assessment rubrics?
¢ Yes

¢ No

¢ Sometimes
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Are students provided written feedback on their work?
¢ Yes

¢ No

¢ Sometimes

Are you willing to participate in a brief followp study?
¢ Yes
¢ No

Please mvide your email address for follovwup. (Your email address will be kept
confidential used for followup contact only. It will not be compared to your responses for
analysis)
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APPENDIX D: REVERSE ENGINEERING DESIGN PROJECT AND ASSESSMENT
INSTRUMENT

REVERSE ENGINEERING PROJECT REQUIREMENTS

Rationale

The conceptscovered duringthe semester are designed to give students the skills that enable them to create an accurate description of
a moderately complex design. Theterm project is intended to provide a culminating experience whereby students have the
opportunity to exercise the knowledge, skills, and judgmnent developed in the course.

Part 1 - Re-creating an existing design
For the final project choose a moderately complex assembly of 3-8 parts, and create basic documentation that could be read,
interpreted, and understood by manufacturing personnel.
s Becomefamiliar with the parts and assemhbly by dis-assemblingit in order to gain access to all parts measurements.
®  Use calipersto measure and document all of the dimensions required to fully define the parts. Think about the standardsfor
your dim ensions (units, precision, and dimensions between mating parts).
o Create 30 solid models, assembly, and CAD documentation via Solidworks as outlined below.

Part 2 - Modifyingthe existing design
Modify the existing design by modifying/improving an existing part or creating one new part that improves the existing designs
functionality. Effort should be given so that the new design is purposeful.

s Create atechnical sketch of your modified or new part as outlined below.

s Add modified/new part to your assembly.

Project Components (4l sketches and CAD drawings should be turned in with aborder and completed title block)
This project will consist of five categaries Technical Sketch, 30 Solid Models, CAD Drawing, Assembly, and Project Portfolio.

1) Technical Sketeh of the modified/mew part {25%) - Create a multi-view sketch of the modified/new part. The multi-view sketch should
dem onstrate proper multi-view layout, conventional practices, and correct dimensioningtechnigue. A section or auxiliary view may be
required to properly describe the part. Revise sketches as needed for a high quality accurate representation.

Evaluation

v Accuracy of Viewsand Annotations - 8 points
v Wiew Alignment - 4 points

v Linetype - 4 points

¥ Line Quality - 4 points

v Appropriate part name - 5 points

Example ofa Technical Sketch:
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2) 3D Solid Models (30%) - Create 3D Solid Models of each partincluding the modified/new part. Use the best feature available to
create parts most efficiently in Solidworks, save using appropriate part names and materials, and submit all electronic files to moodle
as directed.

Evaluation

v' Model Orientation - 4 points

v’ Fully Defined Sketches - 7 points
v’ Accuracy - 7 points

v' Model Procedure - 7 points

v Appropriate Part Name - 5 points

3) CAD Drawing of the most complex part (209) - Create a detail drawing of the most complex part. This part may not be the same part
used for the technical sketch. Create a detail part drawing using Solidworks and include all information necessary to manufacture the

part. This should include: shape description {orthographic views, sectional views, and auxiliary views); size description {dimensions);
and notes, material, etc.

Evaluation

v View Alignment - 6 points

v’ Linetype (visible lines, hidden lines, center lines, tangent edges, etc.) - 6 points
v" Annotations - 8 points

4) Assembly (20%) - Use Solidworks to create an assembly of all parts represented in their correct position including the modified/new
part. In addition, submit a CAD drawing with the best pictorial view of the assembly, a bill of materials with balloons that identify all parts.
Submit all electronic files to moodle as directed.

Evaluation

v’ Correct mates/relations between parts - 10 points

v' Appropriate orientation of assembly - 3 points

v’ Materials (represents real parts materials) - 4 points

v" CAD Drawing of Assembly with Bill of Materials with Balloons - (best pictorial view is chosen) - 3 points

5) Project Portfolio (5%) - Submit the final project to the instructer in the following format. The components of the report should be
organized in the order that they appear below.

Hardcopy Deliverables
1. Title Page (title, name, section, semester, and date)
Technical Sketch of the modified/new part
CAD Drawing of the most complex part (different than part used for the technical sketch)
CAD Drawing of Assembly with Bill of Materials with Balloons - (best pictorial view is chosen)
Evaluation Sheet

GESECRN

Digital Deliverable
6. Compressed Folder - Upload to Moodle submission link {All Solidworks files including 3D Solid Models, Assembly, and
Drawing)

Note: After uploading compressed folder to Moodle, verify that it is not corrupt by downloading and opening assembly.

Reference Material

1. Information on Solid Modeling - Solidworks Tutorials.
Three Dimensional Modeling - Chapter 4 in Bertoline/Wiebe.
Shape Description/DrawingLayout - Chapter 5 in Bertoline/Wiebe.
Auxiliary Views - Chapter 6 in Bertoline/Wiebe.
Sectional Views - Chapter 8 in Bertoline/Wiebe.
Dimensioning Practices - Chapter 9 in Bertoline/Wiebe.
Fastening Devices and Methods - Chapter 10 in Bertoline/Wiebe.
Working Drawings - Chapter 11 in Bertoline/Wiebe

ONO U A WN
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FinaL PROJECT
EVALUATION SHEET

Student Name:

1) Technical Sketch of the modified/new part 25 points
v’ Accuracy of Views and Annotations - 8 points
v View Alignment - 4 points
v’ Linetype - 4 points
v’ Line Quality - 4 points
v’ Appropriate part name - 5 points

Comments:

2) 3D Solid Models of ali parts 30 points
v' Model Orientation - 4 points
v’ Fully Defined Sketches - 7 points
v’ Accuracy - 7 points
v' Model Procedure - 7 points
v’ Appropriate Part Name - 5 points

Comments:

3) CAD Drawing of the most compiex part 20 points
v View Alignment - 6 points
v’ Linetype (visible lines, hidden lines, center lines, tangent edges, etc.) - 6 points
v' Annotations - 8 points

Comments:

4) Assembly 20 points
v/ Correct mates/relations between parts - 10 points
v' Appropriate orientation of assembly - 3 points
v/ Materials (represents real parts materials) - 4 points
v' CAD Drawing of Assembly with Bill of Materials with Balloons - (best pictorial view is chosen) - 3 points

Comments:

5) Project Portfolio 5 points

Hardcopy Deliverables
1. Title Page (title, name, section, semester, and date)
Technical Sketch of the modified/new part
CAD Drawing of the most complex part (different than part used for the technical sketch)
CAD Drawing of Assembly with Bill of Materials with Balloons - (best pictorial view is chosen)
Evaluation Sheet

LhhhwN

Digital Deliverable
6. Compressed Folder - Upload to Moodle submission link (All Solidworks files including 3D Solid Models, Assembly, and
Drawing)

Note: After uploading compressed folder to Moodle, verify that it is not corrupt by downloading and opening assembly.

Comments:

ToraL:
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APPENDIX E: ENGINEERING GRAPHICS PERFORMANCE ASSESSMENT
FOLLOW -UP EMAIL

From: Kevin Sutton
Subject: Engineering Design Graphics Performance Assessment Follow-Up Study

I would like to thank you for completing the survey and your willingness to assist in a study to
investigate the use of a current assessment instrument. You were selected for this study based on
your experience and use of SolidWorks 2015-2016.

I am requesting your assistance in assessing three example reverse engineering project portfolios.
Your participation in this study is completely voluntary, and all of your responses will be kept
confidential. No personally identifiable information will be associated with your responses to
any reports of these data. The NC State University Institutional Review Board has approved this
survey. Should you have any comments or questions, please feel free to contact me at
kgsutton(@ncsu.edu or (919) 515-0221.

Instructions:

1. Please begin by reviewing the assignment and assessment instrument attached to this
email as a PDF.

2. Three example portfolios are attached to this email in a zipped folder. These portfolios
are for research purposes only and not intended for dissemination.

a. Each project folder contained a PDF copy of the example portfolio containing a
cover page, technical sketch, engineering drawings, and assembly drawings along
with the digital files for each example’s parts and assemblies in their native file
format.

3. Please take a look at each of the three example projects before you begin rating.

a. The example projects folder will need to be downloaded and unzipped.

b. Opening the files through the SolidWorks program is recommended to reduce file
opening errors.

4. After reviewing the project materials by yourself, please open the Qualtrics link below
and input your scores and feedback for each example project as if you were assessing
students in your class on their submissions.

5. Please do not discuss your ratings with others to avoid influencing perceptions.

Follow this link to the Survey:
${1://SurveyLink?d=Take the survey}
Or copy and paste the URL below into your internet browser:

${L://SurveyURL}
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Follow the link to opt out of future emails:

${1://OptOutLink ?d=Click here to unsubscribe}

Thank you for your time and concern for investigating assessment practices in the field to

improve teaching and learning in engineering graphics courses.
Sincerely,

Kevin Sutton
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APPENDIX F: ENGINEERING GRAPHICS PERFORMANCE ASSESSMENT
FOLLOW -UP REMNINDER EMAIL

To: Unfinished Participants
From: Kevin Sutton

I would like to thank you for completing the performance assessment survey and your willingness to assist
in this follow-up study to investigate the use of a current assessment instrument. | hope to catch you before
the end of the semester rush. This study is the final part of my dissertation research and critical to the
completion of my degree. You were selected for this study based on your experience and use of
SolidWorksE . The specific criteria make the sample for this study small and your timely participation is
appreciated beyond what | can express with words.

For this follow-up study, | need your help assessing three example

reverse engineering project portfolios. Your participation in this study is completely
voluntary, and all of your responses will be kept confidential. No personally
identifiable information will be associated with your responses to any reports of
these data. The NC State University Institutional Review Board has approved

this study. Should you have any comments or questions, please feel free to contact
me at kgsutton@ncsu.edu or (919) 515-0221.

Instructions:

1. Please begin by reviewing the assignment and assessment instrument attached to this email as
a PDF.

2. Three example portfolios are attached to this email in zipped folders. These portfolios are for
research purposes only and not intended for dissemination.

3. Each project folder contained a PDF copy of the example portfolio containing a cover page,
technical sketch, engineering drawings, and assembly drawings along with the digital files for
each exampleds parts and assemblies in their natiywv

4. Please take a look at each of the three example projects before you begin rating.

0 The example projects folder will need to be downloaded and unzipped.
0 Opening the files through the SolidWorks program is recommended to reduce file
opening errors.

5. After reviewing the project materials by yourself, please open the Qualtrics link below and input
your scores and feedback for each example project as if you were assessing students in your
class on their submissions.

6. Please do not discuss your ratings with others to avoid influencing perceptions.

Project description and grading sheet
Alarm clock project

Knife project
Microphone project



mailto:kgsutton@ncsu.edu
tel:%28919%29%20515-0221
https://proxy.qualtrics.com/proxy/?url=https%3A%2F%2Fncsu.qualtrics.com%2F%2FCP%2FFile.php%3FF%3DF_3guWdqg6vVBMebz&token=DwaiVpKLEiQslF%2FnLJNJuaJkpyiwjGqn9EkGvZxLBxU%3D
https://proxy.qualtrics.com/proxy/?url=https%3A%2F%2Fncsu.qualtrics.com%2F%2FCP%2FFile.php%3FF%3DF_09xEj2AovRA2M5L&token=uD%2BoDsfg4Xg41xSicJtJcC6rLeXAY2%2BN%2BkA6V%2B1uJd4%3D
https://proxy.qualtrics.com/proxy/?url=https%3A%2F%2Fncsu.qualtrics.com%2F%2FCP%2FFile.php%3FF%3DF_brM19AQkbfDxeoB&token=QL%2BBWqmHEJgpg394fFefLI5RiTgcfSGQPIR3WFTnPlo%3D
https://proxy.qualtrics.com/proxy/?url=https%3A%2F%2Fncsu.qualtrics.com%2F%2FCP%2FFile.php%3FF%3DF_8ArVRTqup0nHAHz&token=9Fz6meKFyo41YB%2BOBboHA0zi04Ve%2FmhNiU8HZVCahWY%3D
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Follow this link to the Survey:
Take the survey

Or copy and paste the URL below into your internet browser:
https://ncsu.qualtrics.com/SE?Q DL=6roeydSEh3Ncymp 8jmgnKveHBukQ17 MLR
P 3forKE1AP80L9I3&0 CHL=emalil

Thank you in advance for your time and efforts.

Sincerely,
-Kevin Sutton

Follow the link to opt out of future emails:
Click here to unsubscribe



https://ncsu.qualtrics.com/SE?Q_DL=6roeydSEh3Ncymp_8jmqnKveHBukQ17_MLRP_3forKE1AP80L9l3&Q_CHL=email
https://ncsu.qualtrics.com/SE?Q_DL=6roeydSEh3Ncymp_8jmqnKveHBukQ17_MLRP_3forKE1AP80L9l3&Q_CHL=email
https://ncsu.qualtrics.com/SE?Q_DL=6roeydSEh3Ncymp_8jmqnKveHBukQ17_MLRP_3forKE1AP80L9l3&Q_CHL=email
https://ncsu.qualtrics.com/CP/Register.php?OptOut=true&RID=MLRP_3forKE1AP80L9l3&LID=UR_0xPODlmJ5H9FS7P&BT=bmNzdQ&_=1
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APPENDIX G: ENGINEERING GRAPHICS PERFORMANCE ASSESSMENT

9712016 Qualtrics Survey Software

Alarm Clock

Project Name: Alarm Clock

Type a number in the box to give a score for each of the criteria. Please use a number between 0
and the maximum number of points designated for each criterion.

Technical Sketch of the modified/new part

Accuracy of Views and Annotations - 8 points 0 point:
View Alignment - 4 Points 0 point
Line Type - 4 points 0  point:
Line Quality - 4 points 0  point:
Appropriate Part Name - 5 points 0 point
Total 0 point
Comments:
A

3D Solid Mcdels of all parts

Model Orientation - 4 points 0  point
Fully Defined Sketches - 7 points 0  point
Accuracy - 7 points 0  point
Model Procedure - 7 points 0  point:

Appropriate Part Name - 5 points

https:/Mogin.qualtrics.comAWRQualtricsControlPanel/Ajax. php?action=GetSurveyPrintPreview 1/9



9/7/2016 Qualtrics Survey Software

Total

Comments:

CAD Drawing of the most complex part

View Alignment - 6 points
Line type (visible lines, hidden lines, center lines, tangent edges, etc.) - 6 points
Annotations - 8 points

Total

Comments:

Assembly

Correct mates/relations between parts - 10 points
Appropriate orientation of assembly - 3 points
Materials (represents real part materials) - 4 points

CAD Drawing of Assembly with Bill of Materials with Balloons (best pictorial view is
chosen) - 3 points

Total

https:/ogin.qualtrics.com/AWRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview

0

‘nt:
point:

point:
point:
point:

points

point:
point:

point:
point:

point:
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9/7/2016 Qualtrics Survey Software

Comments:

Project Portfolio

Hardcopy Deliverables
1. Title Page (title, name, section, semester, and date)

2. Technical Sketch of the modified/new part

3. CAD Drawing of the most complex part (different than part used for the technical
sketch)

4. CAD Drawing of Assembly with Bill of Materials with Balloons - (best pictorial
view is chosen)

Digital Deliverable
6. Compressed Folder - Upload to submission link (All Solidworks files including 3D

Solid Models, Assembly, and Drawing)

Portfolio - 5 points 0  point:
Total 0  point:
Comments:

Pocket Knife

https:/login.qualtrics.comAVRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview 3/9
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9/7/2016 Qualtrics Survey Software

Project Name: Pocket Knife

Type a number in the box to give a score for each of the criteria. Please use a humber between 0
and the maximum number of points designated for each criterion.

Technical Sketch of the modified/new part

Accuracy of Views and Annotations - 8 points 0 | point

View Alignment - 4 Points 0  point

Line Type - 4 points 0  point

Line Quality - 4 points 0  point:

Appropriate Part Name - 5 points 0 point:

Total 0  point:
Comments:

3D Solid Models of all parts

Model Orientation - 4 points 0  point
Fully Defined Sketches - 7 points 0  point:
Accuracy - 7 points 0  point:
Model Procedure - 7 points 0  points
Appropriate Part Name - 5 points 0  point
Total 0 | point

https:/login.qualtrics.comAVRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview 419
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9/7/2016 Qualtrics Survey Software

Comments:

CAD Drawing of the most complex part

View Alignment - 6 points 0  point:

Line type (visible lines, hidden lines, center lines, tangent edges, etc.) - 6 points 0  point:

Annotations - 8 points 0 point:

Total 0 | point
Comments:

P

Assembly

Correct mates/relations between parts - 10 points 0 point:

Appropriate orientation of assembly - 3 points 0 point:

Materials (represents real part materials) - 4 points 0 point:

CAD Drawing of Assembly with Bill of Materials with Balloons (best pictorial view is 0 | point:

chosen) - 3 points

Total 0 point:

Comments:

https:/ogin.qualtrics.com/AWRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview 5/9



9/7/2016 Qualtrics Survey Software

Project Portfolio

Hardcopy Deliverables
1. Title Page (title, name, section, semester, and date)

2. Technical Sketch of the modified/new part

3. CAD Drawing of the most complex part (different than part used for the technical
sketch)

4. CAD Drawing of Assembly with Bill of Materials with Balloons - (best pictorial
view is chosen)

Digital Deliverable
6. Compressed Folder - Upload to submission link (All Sclidworks files including 3D

Solid Models, Assembly, and Drawing)

Portfolio - 5 points 0  point
Total 0  point
Comments:
Microphone

Project Name: Microphone

https:/ogin.qualtrics.comAWRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview 6/9
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9/7/2016 Qualtrics Survey Software
Type a number in the box to give a score for each of the criteria. Please use a humber between 0

and the maximum number of points designated for each criterion.

Technical Sketch of the modified/new part

Accuracy of Views and Annotations - 8 points 0  point

View Alighment - 4 Points 0  point:

Line Type - 4 points 0  point:

Line Quality - 4 points 0  point:

Appropriate Part Name - 5 points 0  point

Total 0  point:
Comments:

3D Solid Models of all parts

Model Orientation - 4 points 0  point:

Fully Defined Sketches - 7 points 0  point:

Accuracy - 7 points 0  points

Model Procedure - 7 points 0  point

Appropriate Part Name - 5 points 0  point:

Total 0  point
Comments:

https:/ogin.qualtrics.comAWRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview 79
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9/7/2016 Qualtrics Survey Software

#
CAD Drawing of the most complex part
View Alignment - 6 points 0 point:
Line type (visible lines, hidden lines, center lines, tangent edges, etc.) - 6 points 0  point:
Annotations - 8 points 0 | point
Total 0 point:
Comments:
V3
Assembly
Correct mates/relations between parts - 10 points 0 | point:
Appropriate orientation of assembly - 3 points 0 point:
Materials (represents real part materials) - 4 points 0  point:
CAD Drawing of Assembly with Bill of Materials with Balloons (best pictorial view is 0 oint:
chosen) - 3 points point
Total 0 point

Comments:

https:/ogin.qualtrics.com/AWRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview 8/9
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9/7/2016 Qualtrics Survey Software
Project Portfolio

Hardcopy Deliverables
1. Title Page (title, name, section, semester, and date)

2. Technical Sketch of the modified/new part

3. CAD Drawing of the most complex part (different than part used for the technical
sketch)

4. CAD Drawing of Assembly with Bill of Materials with Balloons - (best pictorial
view is chosen)

Digital Deliverable
6. Compressed Folder - Upload to submission link (All Sclidworks files including 3D

Solid Models, Assembly, and Drawing)

Portfolio - 5 points 0  point:
Total 0 | point
Comments:

Powered by Qualtrics

https:/ogin.qualtrics.comAWRQualtricsControlPanel/Ajax.php?action=GetSurveyPrintPreview 9/9



APPENDIX H: ALARM CLOCK PROJECT PORTFOLIO

For Research Only - Do Not Disseminate

Alarm Clock

Hidden for confidentiality

04/19/2016
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For Research Only - Do Not Disseminate

Hidden for confidentiality

Rationale

Most of the objects used in our daily lives are designed to perform a single task. For this
reason, people end up buying many different objects for different purposes. The continuous
research process toward the development of objects that bring comfort to everyday life, is essential
for any company to succeed in the modern world. The thought behind this project was to redesign
an alarm clock in order to add a simple space dedicated as pen holder. The goal was to have a more
functional object - two in one - that uses space more efficiently. After completely disassembling
the product and became familiar with all its components, it was concluded that the best and more
convenient way to achieve this goal was to modify the top case of the existing alarm clock,
integrating a small space on the side of it to hold three pens. It would be very useful having an
alarm clock and a pen holder combined in one item, providing the comfort of having a more

organized nightstand with everything needed in the right place.

Modified Top Case Original Top Case
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APPENDIX I: KNIFE PROJECT PORTFOLIO
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