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Abstract

This thesis describes the ABET Course Assessment Tool (ACAT). This tool was
designed and developed to assist faculty in producing course assessment reports for
ABET accreditation. These reports demonstrate that students in the course are
achieving the required outcomes. Documentation of this requirement is particularly
burdensome. There is no standard method of generating these reports, and each
institution handles it differently. This might involve manual collection of the data
which is very time consuming. ACAT is a web based tool that allows users to input
the data required for a course assessment and then produce a standardized report
as a PDF document. The design and implementation of this process is covered,
followed by a detailed look at the tool’s operation. To validate the design and user
interface, a usability study was conducted with Computer Science and Engineering
faculty members. Results show that ACAT is a viable tool that streamlines the course

assessment process and is an improvement over the existing manual process.
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Chapter 1

Introduction

Achieving an accredited status is a very desirable goal for an educational program.
This indicates that the program meets certain standards set by the accrediting insti-
tution, which typically consists of members of the academic community, professionals,
practitioners, and governing boards [11]. This accredited status makes the school a
better choice for students, because it indicates that the students will gain the knowl-
edge and skills necessary to be a productive member of their chosen profession [1].

Many professions have an associated accrediting institution. Engineering pro-
grams are typically accredited by ABET. ABET defines a set of criteria that an
educational program must meet in order to be accredited. The process to achieve or
maintain an accredited status is complicated and involves generating reports docu-
menting that the program achieves these criteria. This is a difficult and time con-
suming process, and is often perceived as an additional burden on the staff involved
in preparing this documentation [14].

One especially burdensome part of the accreditation process is ABET criterion
3. This criterion defines a set of 11 course outcomes, (a) though (k), each of which
identifies a specific ability or skill that a student must achieve upon graduation from
an accredited program. Educational programs may also define their own course out-
comes in addition to the ABET-defined course outcomes. ABET requires that an
educational program have a system of assessment in place in order to periodically
document the students achievement of these outcomes [1].

In order to perform this assessment, the faculty must first determine which course



outcomes are assessed for each course. Once the course outcomes are defined, then
the degree to which the students achieve these outcomes can be directly measured
based on student scores on assignments, quizzes, exams, and other instruments of
direct assessment. In some cases, the student’s scores on these assignments are used
to determine if the students are achieving the outcome. In other cases, an assessment
team reviews students work and gives a rating that indicates the students achievement
of the course outcome.

There are also indirect assessment methods to measure students achievement
of course outcomes. This may include student course evaluation surveys, alumni
surveys, or job placement statistics [32]. A typical course assessment will contain a
combination of direct and indirect methods [21]. Once all of the data is collected,
it can be normalized and averaged for each course outcome, and the final result will
indicate whether the student achieved that course outcome.

This process is very time consuming and tedious. It requires storing a large
amount of data, including descriptions of the instruments of direct assessment, each
student’s score on each instrument of direct assessment, and other supplementary data
such as survey results and documentation of course changes. Preparing the reports
is also difficult, and requires analyzing the data, preparing tables and graphs, and
including these in a consistently formatted document. The differences in teaching
styles and organization of course data may also lead to inconsistent results from
different faculty members within the same organization. There is no standard method
used throughout academia for this assessment process.

This thesis discusses the ABET Course Assessment Tool, or ACAT. This tool
was first suggested by Dr. Sergiu Dascalu in coordination with Dr. Mircea Nicolescu.
The goal of this tool is to make the assessment process as simple and efficient as
possible for the faculty involved, while requiring minimum changes to the existing
teaching methods. It is primarily focused on collecting and organizing the results of
the instruments of direct assessment and indirect assessment, analyzing this data, and

generating standardized assessment reports that can be used as part of the accredi-



tation process. ACAT is a database driven, web based application that provides an
intuitive method to enter assessment data for each course. This includes the course
outcomes which will be assessed, the instruments of direct assessment that measure
the achievement of the course outcomes, the students scores on those instruments of
direct assessment, changes made to the course and the effect of those changes, stu-
dent course evaluation survey results, as well as general course information. The tool
uses this data to automatically generate standard assessment reports for each course.
All of the data for each course is preserved in a database, and can be retrieved and
modified at any time. ACAT also allows an educational program to define custom
course outcomes, which may allow it to be used for more than just ABET criterion 3
outcomes.

This thesis in its remaining parts is organized as follows: Chapter 2 provides a
background on accreditation in higher education and ABET accreditation in partic-
ular. A review of existing software tools in support of accreditation is provided in
Chapter 3. Chapter 4 provides specific details on the specification, design, and imple-
mentation of the ACAT software, followed by the operation of the ACAT prototype
in Chapter 5. A comprehensive usability study is detailed on Chapter 6, future work
is provided in Chapter 7, and finally the conclusions of this thesis are described in

Chapter 8.



Chapter 2

Background

This chapter examines accreditation in higher education, specifically ABET accredi-
tation of engineering programs and computer science. The requirements for accred-
itation are presented with an overview of the accreditation process, focusing on the

assessment process.

2.1 Assessment in Higher Education

Accreditation is an important part of the higher education system today. As a peer-
review process, accreditation ensures a standard of quality is achieved and maintained.
There are two types of accreditation, institutional which evaluates the overall quality
of an institution, and specialized which certifies program of study.

The importance of attaining accreditation is multi-faceted. First, it gives an
assurance to college students and their families that the college they choose has a
quality program. This, in turn gives the college graduate assurance that they leave
well prepared. Accreditation is also used by registration, certification, and licensure
boards to screen applicants.

Accreditation in engineering started in the 1932 when the Engineers’ Council
for Professional Development (ECPD) was established. The original focus of this
organization was on guidance, training, education, and recognition [1]. As the focus of
ECPD shifted more toward accreditation, the name was changed to the Accreditation

Board for Engineering and Technology (ABET).



With the emergence of the field of computer science in the 1970’s and early 1980’s
the Institute of Electrical and Electronics Engineers Society (IEEE) and the Associa-
tion for Computing Machinery (ACM) established the Computer Science Accredita-
tion Board (CSAB). As the field of computer science grew, CSAB had a significant
impact on the quality of these programs. In 2001 CSAB merged with ABET and, in
2005 ABET formally changed its name to ABET, Inc. [9].

In 1997, ABET changed its policies toward accreditation by adopting Engineering
Criteria 2000 (EC2000). This shifted the focus of the accreditation process on what
is learned rather than what is taught. This is done by focusing on identifying and
documenting processes, and utilizing a range of assessment mechanisms to evaluate

the program [23].

2.2 ABET Accreditation Process

The ABET accreditation process for engineering programs is both complicated and
time consuming. ABET provides the criteria for engineering programs to achieve
accreditation. There are eight general criteria which are applicable to all programs,
and a ninth which is program specific [9].

The first criteria applies to students. The program must evaluate, advise, and
monitor students, as well as have procedures in place for transfer students and credits.
Additionally, the program must demonstrate that there are procedures in place to
ensure students meet all of the programs requirements.

The second criteria focuses on the program’s educational objectives. This in-
cludes detailed published objectives which are in line with the institution, an eval-
uation process for the objectives, and a curriculum and processes that ensure these
objectives are attained.

The third criteria is a set of program outcomes that the degree program must

demonstrate that graduates have, and are as follows:

(a) an ability to apply knowledge of mathematics, science, and applied sciences



an ability to design and conduct experiments, as well as to analyze and interpret

data

an ability to formulate or design a system, process, or program to meet desired

needs

an ability to function on multidisciplinary teams

an ability to identify and solve applied science problems
an understanding of professional and ethical responsibility
an ability to communicate effectively

the broad education necessary to understand the impact of solutions in a global

and societal context
a recognition of the need for and an ability to engage in life-long learning
a knowledge of contemporary issues

an ability to use the techniques, skills, and modern scientific and technical tools

necessary for professional practice.

The fourth criteria deals with continuous improvement. The program must use a

documented process to assess educational objectives and program outcomes in order

to evaluate the extent to which they are being met.

Criteria five through eight apply to curriculum, faculty, facilities, and support.

Finally, the ninth criteria is program specific which is unique and applies to each

given discipline .

The actual accreditation process takes around two years. The major portions of

the process are the Self-Study Report and the site visit. The Self-Study Report is

prepared by the program under review as a qualitative and quantitative assessment

of the strengths and limitations of the program [10].



Programs must clearly demonstrate and document that they meet all of the
criteria described above. The entire report, prepared by the program is lengthy
and contains numerous sections. However, the documentation for the third criteria,
demonstrating achievement of the course outcomes, is especially difficult and time
consuming. The software tool, ACAT, which is described in this thesis will help

standardize and streamline this portion of the accreditation process.



Chapter 3

Existing Tools in Support of
Accreditation

This chapter looks at tools and software that have been developed to support the
accreditation process. These tools range from database designs to modifications of
existing course software to custom programs.

There have been many efforts to streamline and facilitate the assessment process.
In DeLyser and Hamstad [12] the faculty was able to reduce the assessment work load
significantly by eliminating redundancies in the assessment process. This was done
by carefully selecting which instruments of direct assessment were included in the
assessment process in order to prevent assessing the same student twice for the same
course outcome.

Blandford and Hwang [6] suggest using sampling to reduce the overall workload.
This can be done by using only a subset of the instruments of direct assessment, by
using a subset of the students, or a combination of both. Yamayee, et al. [32] placed
an emphasis on creating instruments of direct assessment that were focused on a
particular course outcome and easy to evaluate. These improvements are helpful in
reducing the amount of work overall, and were shown to be effective in streamlining
the assessment process, but they do not eliminate the need to collect and analyze the
assessment data, and to prepare assessment reports.

Some programs have adopted courseware to facilitate the assessment process.

Booth [7] describes a database design that could be used to organize the data required



for an assessment report. This database mapped assignments to course outcomes, col-
lected data for each assignment to measure achievement of the course outcomes. It
also collected artifacts of student work, and documented changes to the course. This
database is an effective method for organizing the information required for an assess-
ment report, and allowing easy access to that information when preparing reports.

Booth, Preston, and Qu [8] developed a prototype system for mapping depart-
ment outcomes to course objectives to ABET outcomes. By improving the previously
developed database, described above, and applying an existing tool called WebSub-
mit [20] a new prototype was created to submit assignments and map them to course
outcomes.

Abunawass, Lloyd, and Rudolph [2] describe how the University of West Georgia
switched from WebCT to an open source course management software called Moo-
dle, and were able to adapt this software to store student portfolios. The Computer
Science Program Assessment (COMASS) project uses student portfolios as the basis
for the assessment process. This was a major improvement over their existing assess-
ment process, and helped to manage and store the vast amount of data required to
document student’s achievement of course outcomes. However, this requires a dra-
matic change in the organization of all course data, which may not be feasible at all
institutions. Both of these cases demonstrate that a software solution can be effective
in streamlining and automating the assessment process.

One final piece of software is a web based tool that maps subjects to Australian
Generic Graduate Attributes [30]. In order to replace a manual process that focuses
on an outcome based curriculum, this tool was developed to automate and streamline
the process. Generic Graduate Attributes which are similar to ABET outcomes are
mapped to course learning outcomes which in turn are mapped to unit (subject)
learning outcomes. This approach not only maps courses to outcomes, but also allows
users to view the attainment of outcomes for programs of study. This tool creates
numerous reports via the graphical interface for curriculum designers, professors, and

consultants.
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Chapter 4

ACAT Software Model

This chapter describes the software design of ACAT. This tool was designed for the
specific purpose of creating course assessments reports, which are a major part of
the ABET accreditation process. The UML software model [3, 22] of ACAT is fully
described. Known business rules for creating an ABET Assessment are examined
first, followed by a detailed requirements specification. Next the system design is
presented including database design and a web site map. Finally, the implementation

of the design will be detailed.

4.1 Known Business Rules

ACAT will replace an existing manual method for creating assessment reports at
the University of Nevada, Reno. In the future, it may replace similar methods at
other educational institutions. In order to be effective, the tool must fulfill the same
objectives as the previous methods. In order to better understand these objectives,
an interview was conducted with Dr. Sergiu Dascalu and Dr. Mircea Nicolescu at
the University of Nevada, Reno. The following guidelines, limitations, and feature
requests are a result of that interview.

The input data for the tool includes exam questions, homework assignments,
students scores and grades, and student self-assessment survey results. This data is
highly sensitive, and must be restricted to only approved individuals. This requires

that access to this tool and the reports generated using this tool be restricted as well.



11

This can be accomplished by requiring a user name and password to log in, and using
encrypted network connections such as SSL. when necessary. This also requires an
administrator for this software who can be trusted to enforce policies and procedures
to keep this sensitive data private.

One input to the tool is students scores on the instruments of direct assessment.
Each educational program has different methods of tracking this information. This
method will also vary from professor to professor within the institution. It would
be ideal if the input data format could be standardized and stored in a file which
could be uploaded into the tool. However, it is not feasible to force professors to
change the way they keep track of scores just to accommodate this tool. It is also
not feasible to require manual entry of each score for each student. This would not
make the tool user friendly. It was suggested that the tool use a copy-and-paste
method to input this data. A typical method for tracking student scores is to use
an Excel spreadsheet. This spreadsheet contains a row for each instrument of direct
assessment, and a column for each student in the class, or vice-versa. Each cell
contains a students score. An example of this is shown in Table 4.1.

Not every student will be included in the final report. Students that do not
finish the course should not be included in the final report. It may also be desirable
to perform a random sampling of students for large classes. Removing some students
from the report could be done manually before entering the data, but it would be

more user friendly to add this feature to the tool. This allows the user to enter all of

Table 4.1: Example Student Scores Spreadsheet

Midterm Exam
Assign 1 | Assign 2 | Q1 | Q2 | Q3 | Q4 | Assg 3 | Class Partic,
Possible Points 15 20 ) 51 10| 10 15 10
Alice 15 19 3 5110 9 12 9
Bob 12 18] 4 5 7| 9 14 9
Carl 10 20 4| 4] 8] 8 13 10
Dean 13 14| 3 5 91 9 10 7
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the scores into the tool, and then selectively remove those students who should not
be included.

The course outcomes that are measured will change. The accrediting institution
may change the requirements from time to time, forcing the educational organiza-
tions to change their reports. The educational organization may add their own cus-
tom course outcomes in order to measure outcomes not covered by the accrediting
institution. In order to accommodate these changes, the tool should allow the user
to change the course outcomes. The previous course outcomes should be preserved
to allow reviewing reports from the past. This can be accomplished by defining a
set of course outcomes, and selecting which set of course outcomes should be used
for a particular assessment report. For example, an educational program could use
one set of course outcomes for classes in the Fall semester of 2008, and another set
of course outcomes in the Spring semester of 2009. This would require two sets of
course outcomes, and a user would choose which of these two sets of course outcomes
would be used for their assessment report.

The course outcomes provided by the accrediting institution have a default de-
scription. These default descriptions are a general definition of the course outcome
and are meant to cover a wide variety of courses. A user may need to customize
this description for a particular course. For example, ABETSs description for course
outcome (g) is an ability to communicate effectively. This may be custom tailored
for a software engineering course by restating it as an ability to communicate the
scope, specification, and status of a software project effectively through scope and
vision documents, software requirements specification documents, and project status
reports. To accommodate this, the tool should allow the user to create a customized

description for each of the course outcomes for a specific course.

4.2 Requirements Specification

This section provides details on the requirements for ACAT. Both functional and non-

functional requirements are presented. Functional requirements are defined as services
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the system should perform. These are categorized by specific functionality of ACAT.
Non-functional requirements are constraints which are outside of the functionality
that are placed on the system [22].

The requirements for ACAT are listed with the following naming conventions.

These relate to the applicable sections of the system.

e GRXX These are general requirements that define how the user interacts with

the system.

e ARXX These requirements define how a user will create and modify assessment

reports and the general information used to create them.

e CORXX These requirements define how the course outcomes can be modified
by users and administrators in ACAT. This also defines how a user can select

and customize the course outcomes for each assessment report.

e [RXX These requirements define how the user specifies the instruments of
direct assessment for each course outcome. These also define how the scores are

entered for the instruments of direct assessment.

e RRXX These requirements define how the user creates reports and how the

contents of the report should be formatted.

e NFRXX These are the non-functional requirements for the system.

Tables 4.2 through 4.7 list the requirements.

4.3 Use Cases

This section describes the use cases for ACAT. A use case depicts the interaction a
user has with the system. The system is shown in abstract form as a bounded box
in the diagram. Users are represented by external actors outside of the system [22].

There are two actors in the ACAT use case diagram, a user and an administrator



Table 4.2: General Functional Requirements
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GR1 | ACAT shall require the user or administrator to log in to use the system.

GR2 | ACAT shall not allow a user to view or modify another users assessment.

GR3 | ACAT shall allow a user to change their password.

GR4 | ACAT shall allow a user to change their personal information.

GR5 | ACAT shall allow an administrator to add a user.

GR6 | ACAT shall allow an administrator to remove a user.

GR7 | ACAT shall allow an administrator to reset a users password.

GRS | ACAT shall not allow an administrator to view a users password.

GR9 | ACAT shall allow an administrator to change a users personal informa-
tion.

GR10 | ACAT shall allow a user or administrator to log out of the system.

Table 4.3: Assessment Report Functional Requirements

AR1 | ACAT shall allow a user to create a new assessment report.

AR2 | ACAT shall allow a user to modify an existing assessment report.

AR3 | ACAT shall create only one assessment report for each unique combina-
tion of user, course, and semester.

AR4 | ACAT shall allow a user to indicate whether they have taught the course
previously.

AR5 | ACAT shall allow a user to enter course prerequisites.

AR6 | ACAT shall allow a user to indicate whether or not the students were
prepared by the course prerequisites.

AR7 | ACAT shall allow a user to enter past changes that were made since the
last time the course was offered and to enter the effect of those changes.

ARS8 | ACAT shall allow a user to enter future changes that will be made next
time the course is offered, and to enter the purpose of those changes.

AR9 | ACAT shall support one or more past changes and one or more future
changes for each assessment.

AR10 | ACAT shall allow a user to enter comments from the students for each
assessment.

ARI11 | ACAT shall support one or more comments for each assessment.

AR12 | ACAT shall allow a user to specify the number of students for each

discipline that are enrolled in the course being assessed.




Table 4.4: Course Outcome Functional Requirements
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COR1

ACAT shall allow an administrator to add course outcomes.

COR2

ACAT shall allow an administrator to remove course outcomes.

COR3

to be used in assessment reports.

ACAT shall allow the administrator to define a set of course outcomes

COR4

be used for an assessment.

ACAT shall allow a user to select which set of course outcomes should

CORS

course being assessed.

ACAT shall allow a user to select which course outcomes apply to the

CORG6

that is tailored for the particular course being assessed.

ACAT shall allow a user to enter a description for each course outcome

COR7

course outcome.

ACAT shall allow a user to enter student self assessment results for each

Table 4.5: Instruments of Direct Assessment Functional Requirements

IR1 | ACAT shall allow a user to define one or more instruments of direct
assessment for each course outcome selected for an assessment.

IR2 | ACAT shall allow a user to enter the possible points for each instrument
of direct assessment.

IR3 | ACAT shall allow a user to enter a description for each instrument of
direct assessment.

IR4 | ACAT shall allow a user to enter the individual scores for each student
for each instrument of direct assessment.

IR5 | ACAT shall allow a user to copy and paste scores from a spreadsheet
into ACAT.

IR6 | ACAT shall allow a user to edit previously entered scores.

IR7 | ACAT shall allow a user to remove a student and all of the students
scores from the assessment report if that student did not complete the
course.




Table 4.6: Report Functional Requirements
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RR1 | ACAT shall allow a user to generate an assessment report once all nec-
essary data has been entered.

RR2 | The report shall contain the instructors name, course name, and
semester.

RR3 | The report shall contain the course prerequisites and indicate if the stu-
dents were prepared for the course by the prerequisites.

RR4 | The report shall contain a section showing the past changes and their
effects and the future changes and their purpose.

RR5 | The report shall contain the students comments.

RR6 | The report shall contain a summary table.

RR7 | The summary table shall contain a row for each course outcome. Each
row shall contain the student self assessment score, description, list of
instruments of direct assessment for the course outcome, and average
instrument of direct assessment score for that course outcome.

RR8 | The report shall contain a score table.

RR9 | The score table shall contain a column for each instrument of direct
assessment, and each column shall contain the students scores for that
instrument of direct assessment.

RR10 | The columns in the score table shall be grouped by course outcome.

RR11 | The report shall display all scores on a scale of 1.0 to 5.0, inclusive.

RR12 | The score table shall display an average score for each student for each
course outcome. This average shall be calculated as the average of the
instruments of direct assessment for that course outcome.

RR13 | The score table shall display the average score for all students for each
course outcome.

RR14 | The report shall contain a distribution of scoring table.

RR15 | The distribution of scoring table shall display the number of scores for
each course outcome that fall in the following ranges: [1.0-1.5], (1.5-2.5],
(2.5-3.5], (3.5-4.5], and (4.5-5.0].

RR16 | The report shall contain a distribution of scoring graph, which is a bar
chart that graphically represents the distribution of scoring table.

RR17 | The report shall contain a separate summary table, score table, distribu-
tion of scoring table, and distribution of scoring graph for each discipline.

RR18 | ACAT shall allow a user to save the report to a file.

RR19 | ACAT shall allow a user to print the report.
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Table 4.7: Non-Functional Requirements

NFR1 | ACAT shall support encrypted network connections.

NFR2 | ACAT shall be hosted on an Apache web server.

NFR3 | ACAT shall use a MySQL database to store information.

NFR4 | ACAT shall be written in PHP.

NFR5 | ACAT shall save all data entered by users in a database.

NFR6 | ACAT shall allow multiple users to access the system simultaneously.
NFRT7 | ACAT shall not require that the user install special software to use the
system.

NFR8 | ACAT shall support commonly used web browsers.

as shown in Figure 4.1. It should be noted that the administrator is also a user.
The users have 14 use cases and the administrators have 4. This represents the

functionality of ACAT.

4.4 Design

This section describes the detailed design of the ACAT system. An overview is
provided by explaining the major subsystems in ACAT. Next the functionality of the
system is described through activity diagrams. These diagrams model the system
behavior [13]. Finally, the database design is shown.

ACAT is a web based system. HTML is used to display pages to the user. This
HTML is dynamically generated using server side scripting. The entire system can
be viewed in layers, as shown in Figure 4.2. At the top level is the presentation layer.
This contains the GUI subsystem, which uses HTML to displays data to the end user.

Below this is the business logic layer. This contains the general pages subsystem,
the user pages subsystem, and the administrative pages subsystem. The general
pages subsystem implements functionality for logging in, logging out, displaying the
home page, and other basic functionality. The user pages subsystem implements all
functionality for entering assessment data and generating reports. The administrative

pages subsystem implements all functionality for adding and modifying users, entering
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Figure 4.2: Major Subsystems in ACAT

course outcomes, and other administrative functions. Also in the business logic layer
are the data access subsystem and the authentication subsystem. The data access
subsystem implements an interface to the database to allow creating, modifying, and
deleting data. The authentication subsystem controls access to different pages within
the website based on the users credentials.

At the bottom is the wtility layer, which includes the HTML subsystem, the PHP
subsystem, and the MySQL subsystem. These represent the underlying structure of
the system and will be covered in the following section.

The ACAT system is designed to be an intuitive and easy to use data entry and
report generation system. The main flow of activity for the entire system is shown in
Figure 4.3. The users begin by logging into the system. As in the case of most web
sites, the activities can be varied and repeated numerous times until the user logs
out. Though not depicted in the diagram, an inactivity timeout may also be used to

log the user out after a period of being idle. This is done for security reasons.
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Logging in to the system is accomplished through a web form. The login activity
is shown in Figure 4.4. The user ID and password are entered into the form and the
form is submitted. The ID and password are authenticated against the database and
the user is either authenticated or returned to the login page with an error message.
The authentication also determines if a user is an administrator and grants access to
the administrative functions.

The activity diagram for administraive functions is shown in Figure 4.5. These
functions allow for routine maintenance of users and the standard course outcomes.
User maintenance such as adding new users and editing existing users can be easily
accomplished. This functionality is useful when users need a password reset. The
functionality for editing course outcomes gives the system added flexibility if these
are changed by ABET or if additional outcomes need to be added to the system.

To create a new assessment, the users input the basic required information. This
is a simple activity, shown in Figure 4.6. This activity collects the course title,
semester and year it was taught, whether the course was taught previously, and any
prerequisites. Additionally, whether students were prepared and useful comments are
entered. Once this activity is complete, the rest of the data for the assessment is
entered through the edit assessment activity.

The main functionality of the ACAT system is to add assessment data and edit
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this data as necessary. This represents the bulk of the data entry activity and is shown
in Figure 4.7. To ensure that all of the assessment data can be easily entered, this
activity may be repeated any number of times. Once an assessment has been created
per the above activity, past and future changes, outcomes, and student information
can be entered and/or edited. The general information can also be edited. Once the
outcomes have been selected, additional actions to enter or edit instruments of direct
assessment as well as self assessment scores. This is necessary because the outcomes
need to be identified before this information is entered.

The final activity is to generate the actual assessment report as shown in Fig-
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ure 4.8. The report is generated from the data entered by the user and by calculating
statistics from this data. Once the report is created, the user is able to save a copy or
print it for submission. Reports can also be generated at any stage of an assessment
and may be created multiple times.

All of the data for the system is stored in a relational database. The database

design is shown in Figure 4.9.

4.5 Implementation

This section looks at the technologies used in the implementation of the ACAT design.
It covers the languages and tools used and follows with the coding philosophy used
in creating the software code.

Technologies used in the creation of ACAT:

e PHP - There are many choices for programming a dynamic, database driven
website. Determining the proper fit is a combination of numerous factors includ-
ing developer experience, hosting platform, budget, functionality, and personal
preference. PHP is a popular language because it is open source and it in-
tegrates well with other open source tools such as Linux servers and MySQL
databases. It is a powerful language with object oriented support and program-
ming syntax similar to other languages [19]. The choice to use PHP as the
language for ACAT was based upon it being open source and it is already in

use on the Computer Science and Engineering servers. Additionally, PHP had
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all of the functionality required to create ACAT.

e MySQL - In contrast to the abundance of web programming languages, the
choices for databases are considerably smaller. Available databases range from
desktop application to large enterprise systems. Because the database behind
ACAT is quite small and the amount of data is relatively minor, a large enter-
prise system was not warranted. However, a stable and free solution was also
desired. MySQL was the logical choice because of these reasons as well as the

near seamless integration with PHP [25].

e JavaScript - Because PHP is a server side scripting language, it is called only
at the request of the user through the web browser. The request is processed and
the resulting web page is sent back to the browser. It is sometimes desirable to
have some processing available on the browser before the request is submitted.
The most common tool for this is JavaScript and it is commonly used to validate
form data before sending it to the server. The ACAT software uses JavaScript

in this fashion.

e TCPDF - The report which is generated by ACAT needs to be presented in
a common and usable format. PDF is one of the most widely used formats.
Native PHP support for PDF generation is extremely limited so an open source
package called TCPDF was chosen. This PHP class supports HTML and creates

a PDF in the browser [26]. It integrated nicely into ACAT for report generation.

The philosophy behind the coding was one of code re-usability and extensibility.
A uniform page design and theme was achieved by creating single header and footer
functions which were used to create each page. This allows for changes in the look
and feel to be accomplished in a single PHP file and affect the entire site.

Additional encapsulations of code include having a single file for all database
functions and a single security file which is included in every user page to check
authorization for viewing the page. PHP files were created based on the function or

page which they represent.
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Chapter 5

ACAT Prototype Operation

This section describes the operation and layout of the ACAT web site. The web site
map will be shown with descriptions of the individual pages. The pages are grouped
into operational categories.

The main program units for ACAT are web pages. Each web page in ACAT
implements some portion of functionality for the system. These web pages may
rely on common functionality implemented in the Data Access or Authentication
modules, but are otherwise separate. There are three categories of pages: general
pages, user pages and administrator pages. The relationships between these pages are
best shown in website navigation diagrams, which are shown in Figure 5.1, Figure 5.4,

and Figure 5.7.

5.1 General Pages

¢ Home and about pages - The home page and about page belong to the
general pages subsystem, as shown in Figure 5.1. These pages are HT'ML only.
They have no dynamic content, so PHP is not required. They are accessible
to all users, so authentication support is not required. The home page of the

ACAT prototype is shown in Figure 5.2.

e Authentication pages - The login page and logout confirmation page are
part of the general pages subsystem, as shown in Figure 5.1. The login page

allows the user to log in as shown in Figure 5.3. The logout confirmation
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Figure 5.3: ACAT Login Page

page is displayed to let the user know that they have logged out successfully.
These pages are very similar and are implemented in the same module. This
module uses functionality from the authentication subsystem. The bulk of the
functionality is in the login page, which takes the user name and password as
input and passes it to the authentication subsystem. The authentication system
indicates whether the data is valid, and starts a new session. When the user
logs out, they go to the logout confirmation page, which displays a message
confirming that the user is logged out, and offers an option to log back in.
This is just a different version of the log in page. Note that although it is not

explicitly mentioned, each page contains a link that allows the user to log out.

5.2 User Pages

These pages are available to any authenticated user in the ACAT system as illustrated
in the website map in Figure 5.4. The user pages represent the main functionality of

the system and consist of all of the data input and report creation pages. Additionally,
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there is functionality available for users to view and edit their profile information.

e User Welcome Page - The user welcome page is displayed to a user imme-
diately after they log in. This is part of the user pages subsystem as shown in
Figure 5.4. This page provides links to create a new assessment and to modify
the users account information. It also displays a list of assessments that the
user has created previously, and a link to modify each assessment. The input
data for this page is the current user ID, which is retrieved from the authenti-
cation subsystem. This page uses functionality from the data access subsystem

to display the list of assessments for the current user.

e Account Information Page - The account information page is part of the
user pages subsystem. This page displays the users information such as their
email address, title, and name, and allows the user to modify this information
if necessary. It also allows the user to change their password. The input data
for this page is the current user ID, which is retrieved from the authentication
subsystem. This page uses functionality from the data access subsystem to
retrieve and update the users information in the database. The authentication
subsystem is also used when changing the current users password. All passwords
are encrypted using the PHP shal() function, which uses the US Secure Hash
Algorithm 1 [31].

e Assessment Summary Page - The assessment summary page is displayed
when the user selects an existing assessment from the user welcome page, or
after the user enters basic information for a new assessment and is shown in
Figure 5.5. This page is part of the user pages subsystem, as shown in Fig-
ure 5.4. This page displays a summary of all of the data entered for the selected
assessment, and gives the user links to pages where the user can enter missing
data or update existing data. The input for this page is the current user 1D,
which is retrieved from the authentication subsystem. It also uses the selected

assessment ID as input, which is retrieved from the current session data. This
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page uses functionality from the data access subsystem to retrieve information

for the current assessment.

o Assessment Data Entry Pages - A separate data entry page exists for each

element of data that must be entered for an assessment. This includes a page

to enter or update the following:

Basic information such as the course name and semester

Past changes and proposed future changes to the course and their effects

— Student information including the number of students for each discipline

— Course outcomes applicable to the course (Figure 5.6)
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Figure 5.6: Select Course Outcomes Page

— Instruments of direct assessment to measure each course outcome
— Scores for each instrument of direct assessment

— Student self assessment scores

Each of these pages has the same basic functionality. The input to each page
is the current assessment ID, which is retrieved from the current session data.
Each page extracts the data for the current assessment using functionality from
the data access subsystem. It then displays this data in an appropriate format,
with links or editable forms that allow the data to be entered or modified. In
some cases, a method is provided to allow the data to be deleted. Each page

has an option to save the data. Selecting this option first validates the data to
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ensure that it is valid input, and that no required data is missing. If the data is
valid, then it writes the changes to the database, again using functionality from
the data access subsystem. When the user is finished with a data entry page,
they are returned to the assessment summary page, which is updated with the

changes.

e Report Page - The report page is accessed through a link on the assessment
summary page. In order to generate a report, an assessment must first exist and
be open. The link will automatically create a report and display it on the page.
This unit presents the most computation and processing of all the components.
To generate the report, the system accesses all of the assessment data the user
has input. Statistical calculations are made and the numbers are forwarded
to a report generation system. This system formats the report per the report
design template. Tables and graphs are automatically generated and the report
is presented in Adobe PDF. The capabilities of this format allows the user to
easily print or save the report. Because of the nature of the PDF plug-in, users

must use the back button on their browser to return to the report summary.

5.3 Administrator Pages

Users who are designated administrators have access to special administrative pages.
A link to these pages is automatically made available to users on the login page. A
summary of the administration pages is shown in Figure 5.7. The functions are listed
on the administration home page as links. There is also the facility to log off or return

to the welcome page.

e User Modification Page - One of the tasks of an administrator is user upkeep.
New users need to be added and occasionally, the administrator needs to add
or change user information, for example resetting a forgotten password. The
administration home page has links to forms that can create new users and

edit existing users. The create user page has all of the required information for
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creating an account. An example of this page is shown in Figure 5.8. Error
checking is incorporated to ensure all of the required fields are filled in. A
submit button allows the form to be processed and the user information will
be stored in the database. The page to edit users can be accessed from the
administrative home page. A list of users is presented and the administrator
can choose one to edit. The user information field becomes editable and changes
can be made. Those changes may then be saved or discarded. There is also a
facility to delete a user from the system. Because of data integrity, users are

not be deleted from the database; they are only marked as inactive.

e Course Outcome Modification Page - In some cases, ABET may choose to
change the definition of a course outcome or possibly add new outcomes. Ad-
ditionally, schools may choose to word an outcome definition differently than
ABET’s definition and they may also want to add custom ones. An ACAT
administrator can accomplish these tasks through the Course Outcome Modi-
fication page. These values represent the default outcomes and definitions that
can be used in an assessment. These definitions can also be customized by users

for individual assessments.

Error detection and validation is performed at two levels. The first is at the
browser level using Java Script functions. This allows data to be validated before
being sent to the server for processing. Error messages are shown in red next to
the input section for easy identification as shown in Figure 5.9. The second level of
validation occurs at the server level before processing the data. Error messages are
given at the top of the form as shown in Figure 5.10 and require interpretation to
find the error. Having a two layer validation system improves functionality and the

robustness of the system.
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Chapter 6

Usability Study

This chapter describes the usability study which was conducted to evaluate the ACAT
software. It covers a background of usability and usability studies, the preparation

for the study, the execution of the study, and finally the results.

6.1 Usability

As computers and the Internet have revolutionized the way we store and use infor-
mation, the interfaces to access the data have also grown in complexity. One key to
effective user interface and system design is usability. The International Organization
for Standards (ISO) defines usability as the extent to which a product can be used by
specified users to achieve specified goals with effectiveness, efficiency and satisfaction
in a specified context of use [29]. With the proliferation of websites as the standard
for information dissemination, the design and implementation of web interfaces with
a high degree of usability is crucial. It is often the sole discretion of the designer or
programmer to produce quality and usable web pages. As can easily be seen on the
Internet, website quality ranges from outstanding to disastrous.

Usability can often be defined by two factors, ease of learning and ease of use.
These factors are a measurement of the time and the number of actions required to
perform a task [4]. Krug believes that the purpose of any website should be explicitly
evident to the user. A user should be able to figure out what a web page is about

and how to use it without thinking about it [16].
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Determining usability is a little less clear. This depends more on the purpose of
the site, information, sales, research, downloading software, etc. The underlying goal
is to provide people with information in an efficient manner to allow them to make
decisions [24].

It is also important to differentiate usability and user experience. While usability
focuses on ability to carry out a task, user experience takes a broader view. The
entire interaction, thoughts, feelings, and perceptions all go into user experience [27].

Maximizing the entire user experience is the goal of usability.

6.2 Usability Studies

The true measure of system comes from the actual intended end user. The aim is that
the design of a system be tested by this target group in as near realistic conditions as
possible [5]. Careful planning of the study is crucial to ensure accurate measurement
of product. The goal of the study must first be determined followed by the plan
for the actual study. Factors in planning a study include the method, participants,
sample size, metrics, and analysis. Budget is also an important aspect of the study.

The first step in a usability study is identifying the goal for the study. Reasons
may include testing new functionality of a system or comparing two or more products.
The study may be formative, an iterative approach to testing the design of a product.
It may also be summative, evaluating how well a product meets its design goals or
how well it performs against the competition. User goals may also be taken into
consideration. Performance and satisfaction are two common user goals.

The method of the study must also be determined. This can range from per-
sonal interviews to focus groups to group studies to online surveys. The method of
collecting data needs to be selected as well as the time frame for the study [27]. If
a questionnaire is utilized, the format and questions are critical to the success of the
study. Standardized surveys may be used or custom questions and evaluations may
be developed.

Participants are the most important part of a usability study. Research must be
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accomplished to identify the characteristics and demographics of the intended users.
Age, skill ratings, experience, and education are all examples of this. Additionally, the
number of participants must be determined. This ensures an adequate cross section
of users as well as a valid statistical quantity. Finally, recruitment methods must be
identified [5].

Once the study is complete, the data is analyzed and interpreted. Statistical
analysis and summations of the data are performed and presented in a manner that
is consistent with the goals of the study. The results can be then be presented in a

final usability study report.

6.3 ACAT Usability Studies

ACAT was designed with a specific purpose of creating course assessments for a
narrow user base of university instructors. A usability study was deemed the best
method for determining the effectiveness and use of the software. The goals of the
study are to determine whether the product meets its design goals and whether it is
a valuable tool for the target audience. Additionally areas for improvement are an
important aspect of the study.

It was determined that self-reported data from the users experience after using
the software would determine the goals. There are numerous surveys available to
evaluate system usability. The Computer System Usability Questionnaire (CSUQ),
shown in Appendix A, was chosen for this study. This survey was developed by IBM
in the early 1990s. It consists of 19 questions to assess the users’ perceived satisfaction
with the computer system. The factors evaluated in this survey are system usefulness,
information quality, interface quality, and overall satisfaction [17].

Any research that involves human subjects at the University of Nevada, Reno is
subject to review and approval by the Office of Human Resource Protection. To pro-
tect the rights of individuals involved in research activities the University maintains
Institutional Review Boards (IRBs) to review research protocols involving human

subject [28]. The process consists of online training for all principal investigators and
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research personnel in the history of human resource protection and the review process.
The usability study for ACAT required an application and IRB review. In order to
expedite the process, which can take up to several months, the study was requested
to be exempt research. The primary requirement for exempt research is minimal risk
to those involved in the study. An additional requirement for the exemption was that
the questionnaire could not be electronic or online. The usability study for ACAT
received the exempt research approval with the stipulation that the survey be hard
copy. The Certificate of Approval of Exempt Research, E09/10-034, is included in
Appendix B.

ACAT is a tool designed for university faculty, therefore the participants chosen
for this study are teaching faculty from the Computer Science and Engineering De-
partment at the University of Nevada, Reno. These participants are characterized as
educated and experienced computer users who can be very critical of software design
and operation. All 16 faculty member were invited to participate in the study as well
as several graduate students.

The study was conducted over a one week period. The participants were recruited
with a flier describing the study and in person visits. Instructions were provided
describing the procedures. Users were asked to create an assessment using ACAT with
any valid data. They were then requested to create a report with the software and fill
out and return the provided Computer System Usability Questionnaire. The time for
the study was estimated to be 30 to 45 minutes. Because of the time constraints and
varying schedules of the faculty members, the study was conducted at the location

and time of the participants choice.

6.4 Results

Of the 16 faculty members who were requested to participate in the study, 9 re-
sponded. This is an expected sample size as schedules and work loads can be difficult
to work around. The results for overall satisfaction, system usefulness, information

quality, and interface quality are shown in Table 6.1 and the corresponding questions
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Table 6.1: Usability Study Results

Average | Standard
(Out of 7) | Deviation | Percentage
Overall Satisfaction 5.21 1.24 74.5
System Usefulness 5.58 1.24 79.7
Information Quality 4.81 1.48 68.7
Interface Quality 5.15 1.41 73.6

that comprise these averages are shown in Table 6.2 [17]. Note that the Likert scale
for the survey is scored from 1 being to highest ranking to 7 as the lowest. For this
section, the scores are reversed for better readability.

The highest category, system usefulness, at 79.7% indicates that the users in-
volved in the test believe that ACAT will be a useful tool. However, as indicated by
the 68.7% approval of information quality, there is room for improvement. The scores
for general categories, as well as the averages for all of the questions are shown in
Figure 6.1.

The questions that scored the lowest were 9 through 11. These related to error
messages, error handling, and online help. This corresponds to several comments
regarding poor help and instructions. Conversely, the highest individual score was
for “it was easy to learn the system.” The discrepancy is due to the fact that half of the
respondents did not encounter any errors and marked those items as not applicable.
A few of the users who did encounter errors gave lower scores.

Equally important in this study were the comments included with the CSUQ

Table 6.2: CSUQ Categories and Corresponding Questions

Category Items

Overall Satisfaction Questions 1 - 19
System Usefulness Questions 1 - 8
Information Quality Questions 9 - 15
Interface Quality Questions 16 - 18
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surveys. These highlights the most significant areas for improvement. Many of these
suggestions are listed below and represent ways to increase the usability of the tool.
Additionally, the comments relate to common usability issues in Human Computer

Interaction.

e The most frequent comments were regarding help and understanding how to
use the system. More guidance and support is needed. Basic help pages were
included, but a fully integrated help system is required and should be part of

the design and implementation process.

e Wording for actions such as submitting a form must be precise. “Update” is
understood for submitting a change on existing data, but can be confusing for
entering new data. “Insert” is also not standard web phraseology. “Save” is the

commonly accepted word.

e One user encountered an error occurred while producing the PDF report due
to an incompatible browser. While the software was tested on several different

browsers and operating systems, it is vital to also test on older browsers.

e The graphs that are produced in the report are not correct. They were missing

data.

e Navigation needs to be in place from the home page or the about page for an
authenticated user. If these pages are visited while logged in, there is no link

back to the user home.

e Since the design of ACAT, some requirements have changed, such as using

numbers instead of letters for outcomes.

The system was released to the users for this usability study directly from the
development stage. Many of the errors and problems noted in the surveys could
have been discovered prior to the usability study if a review by the accreditation and

assessment chair and one or two of the committee members was performed.
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While the overall usefulness of the ACAT system was measured at 74.5%, there
is certainly room for improvement. One major lesson learned from this study is
that tasks that seem obvious or intuitive to the designer may not be that way to
a user. This is highlighted in that Computer Science faculty, who are considered
expert computer users, still come across the same issues that affect novice users. In
addition to the problems noted, there were numerous positive remarks on the system’s

usefulness and ease of use.
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Chapter 7

Comparison With Similar Work

Assessment tracking and outcome based curriculum management are high visibility
areas of research today. Tools are being developed to aid in the tracking of course
and program outcomes and to help map the actual courses to theses outcomes. Much
of the research has focused on the collection of assessment data from self assessments
and instruments of direct assessment.

Initial research focused on more on the process and less on tools designed to aid
in assessments. This was often in response to a recent ABET visit [6, 32]. Databases
and interfaces have also bee developed to store the large amounts of data used in
assessment reporting data by storing and mapping student data [7, 8, 20]. While
these are all excellent tools in assisting with assessment, they do not address the
actual reporting requirements of accreditation.

Two software tools were created with the intent of collecting, analyzing and re-
porting data [2, 30]. The first, COMPASS from the University of West Georgia,
uses and existing, open-source classroom management system to assist in this pro-
cess. Functionality to map course objectives to assignments was added. This allowed
additional information regarding learning objectives and student performance in a
database for further review and analysis. While this is a major improvement over the
current process, there is no reporting mechanism in place. The data that can be used
for a course assessment report is available, but must be retrieved and formatted for
the official report.

The second tool is custom software and integrated user interface, database, and
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reporting. The system is based on an Outcomes Database and was developed at
the Curtin University of Technology in Perth, Australia. It differs from COMPASS
and ACAT in that is focuses on the Australian requirements for technical programs.
This tool maps assessment items through three layers of outcomes - course, degree
program, and generic attributes. Numerous reports were developed for use of cur-
riculum developers, instructors, and students. These reports show the relationships
and mappings between courses and outcomes as well as degree programs and generic
attributes.

The goal of ACAT is to streamline the course assessment process and standardize
reporting. This is accomplished through a custom and integrated interface, database,
and report engine. It encompasses data required for a complete assessment report,
including student outcomes of direct assessment, self assessment values, and outcomes.
A comparison of the features incorporated in ACAT, COMPASS and the Outcomes
Database is shown in Table 7.1.

Table 7.1: Comparison of ACAT to Related Tools

ACAT | COMPASS | Outcomes DB
Custom User Interface 4 v
Custom Database v v
Map Outcomes to Student Instruments v v v
Custom Outcome Wording v v
Use Self Assessment Data 4
Course Report v v
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Chapter 8

Conclusions and Future Work

8.1 Conclusions

Accreditation for a technical program of study is highly desirable. It shows that the
program meets certain requirements and that the graduates possess a higher level of
skill and competence. The requirements for accreditation from an organization such
as ABET are stringent. Reporting and documentation specifications for certification
and re-certification are very time consuming. Course assessments are a major portion
of this reporting and most every faculty member is involved.

A need exists to automate and standardize the process for generated ABET
course assessments. A detailed analysis and requirements development was performed
and a comprehensive design was created for developing a software tool, ACAT, aimed
at facilitating the assessment process. The emphasis on the design centered on ease
of use and functionality.

Based on this design, a prototype of ACAT was developed. It provides the
facility for a user to enter all of the data for a course assessment, including general
information, course outcomes to be assessed, instruments of direct assessment for
each outcome, student scores for each instrument, and student self evaluation survey
results. The system deployed to department web server for evaluation by faculty.

A usability study was accomplished measuring the satisfaction with the func-
tionality of ACAT. Faculty members tested the system and provided feedback and

assessment based on the Computer System Usability Questionnaire. Results revealed
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that the software is an acceptable method to create course assessments and sugges-
tions were made to improve the software. This validates the design and usability
goals of the tool.

ACAT also has the potential to support the assessment process in other accredited
universities. ACAT collects data that is common in assessment reports for, and could
be tailored to a specific programs needs with slight modification. For example, the
University of Michigan at Dearborn prepares assessment reports that list the course
outcomes being assessed, what the students were asked to show their achievement
of that outcome, and the average score [18]. ACAT collects this data currently, and
could be adapted to prepare reports in the desired format for this program as well as
many other similar programs.

Overall, the research contained in this thesis shows that the continued develop-
ment and support ACAT is a worthwhile investment in time. It can be a valuable
resource for ABET course assessments and can be extended further for periodic evalu-
ation and assessment of programs of study. Future additions can propel this software

into a highly productive and dependable tool.

8.2 Future Work

Many hours of work have gone into designing ACAT and creating a user friendly and
useful interface. While the prototype can currently be used for an ABET accreditation
visit, additional work can make it even better. The modifications to improve this
tool range from short range cosmetic and usability fixes to integration with external
systems. This chapter covers these changes for a better ACAT.

The first priority is to address the shortcomings and suggestions identified during
the usability study. This includes improved instructions for entering data as well as
more descriptive error messages. While there is a basic help system for ACAT, a more
comprehensive version would improve the usability of the tool. Next error messages
to confirm deleting data were recommended. Finally, the ability to delete an outcome

for an assessment was recommended. This is a more complex task to ensure cascaded
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deleting of data in the database to ensure data integrity.
In an effort to further reduce the time required to create an ABET assessment,
there are pieces of data that could be automatically loaded into the ACAT database

from external system.

e A list of courses taught by the instructor and displayed in a drop down list by

year and semester to create a new assessment.

e Course prerequisites as listed in the course catalog for the year the course was

taught.

e Self assessment data for each course.

The assessment report is created by PHP code and HTML tables and then con-
verted to a PDF document. While this created a standard report, it is complicated
to make changes or additions. Further investigation into dedicated reporting software
will improves the report modification process and facilitate adding additional reports
as described next.

As part of the course assessment report, copies of examinations are often in-
cluded. The ability to store scanned copies of these examinations and add them to
the generated report is desirable. Adding this functionality to ACAT will also keep
all of the documentation for courses in a single location.

Additional reports in support of ABET accreditation can be developed. A course
outcomes matrix could be developed fairly quickly mapping each course to the out-
comes for a given semester. Additionally, an outcome assessment report in support
of program outcome 1 can also be created. This is a more complicated report to
develop, but the data required for it is already being collected in ACAT. All of the
course data for the required time period would be required for these two additional
reports.

Finally, there is a significant amount of data that is collected and stored in

the ACAT database representing student performance and satisfaction with a given
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program of study. Future reports and analysis of the data can be developed to track

trends and help evaluate curriculum.
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Appendix A

Computer System Usability Study

This questionnaire (which starts on the following page), gives you an opportunity to
tell us your reactions to the system you used. Your responses will help us understand
what aspects of the system you are particularly concerned about and the aspects that
satisfy you.

To as great a degree as possible, think about all the tasks that you have done with
the system while you answer these questions.

Please read each statement and indicate how strongly you agree or disagree with the
statement by circling a number on the scale. If a statement does not apply to you,

circle N/A.
Please write comments to elaborate on your answers.
As you complete the questionnaire, please do not hesitate to ask any questions.

Thank you!
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1. Overall, I am satisfied with how easy it is to use this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

2. It was simple to use this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

3. I can effectively complete the tasks and scenarios using this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

4. 1 was able to complete the tasks and scenarios quickly using this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

5. I was able to efficiently complete the tasks and scenarios using this system.

SSTRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A

COMMENTS:
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6. I felt comfortable using this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

7. It was easy to learn to use this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

8. I believe I could become productive quickly using this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

9. The system gave error messages that clearly told me how to fix problems.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

10. Whenever I made a mistake using the system, I could recover easily and quickly.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A

COMMENTS:
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11. The information (such as on-line help, on-screen messages and other documentation) provided with this
system was clear.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

12. It was easy to find the information I needed.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

13. The information provided for the system was easy to understand.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

14. The information was effective in helping me complete the tasks and scenarios.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A
COMMENTS:

15. The organization of information on the system screens was clear.

SSTRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE N/A

COMMENTS:



16. The interface of this system was pleasant.

STRONGLY
AGREE 1 2 3 4 5

COMMENTS:

17. 1 liked using the interface of this system.

STRONGLY
AGREE 1 2 3 4 5

COMMENTS:

STRONGLY
DISAGREE

STRONGLY
DISAGREE

18. This system has all the functions and capabilities I expect it to have.

STRONGLY
AGREE 1 2 3 4 5

COMMENTS:

19. Overall, I am satisfied with this system.

STRONGLY
AGREE 1 2 3 4 5

COMMENTS:

STRONGLY
DISAGREE

STRONGLY
DISAGREE

29

N/A

N/A

N/A

N/A
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Appendix B

Exempt Research Certification

The certification for exempt research form the University of Nevada, Reno Office of
Human Resource Protection is included in this appendix.



University of Nevada, Reno

Office of Human Research Protection
205 Ross Hall / 331, Reno(Nevada 89557
775.327.2368 / 775.327.2369 fax
www.unr.edu/chrp

Certification of Approval of Exempt Research

Date:  April 15,2010

To: Eugene Essa

Department of Computer Science and Engineering

2390 Roanoke Trail

Reno, NV 89523

CC: Frederick Harris PhD

Department of Computer Science and Engineering / 0171

Exemption:

Sponsor:

VA Research:

UNR Assurance Number:
Action Item:

Level of Review for Action:

Exemption Category
Action Date:
Approval Date:
Approval Period
Expiration Date:

E09/10-034

ACAT - ABET Course Assessment Tool
N/A

No

FWA00002306

New Protocol: Exempt Research
Exempt

2

4/14/10

4/15/10

12 months

4/15/11

This approval is for:

PI responsibilities

Computer system usability questionnaire, as revised
Recruitment flyer, as revised

Questionnaire instructions, as revised

Application for Exempt Research (4/15/10), as revised

e Proposed changes must be reviewed and approved by the Office of Human Research Protection (OHRP)
prior to initiation, except where necessary to eliminate apparent immediate hazards to subjects. Such
exceptions must be reported to the OHRP at once.

e Any unanticipated problems which may increase the risks to human subjects or unanticipated adverse
events must be reported to the OHRP within 10 days of becoming aware of the issue.

¢ Exempt applications are not renewable and are not subject to continuing review. If you would like to
continue the research or analysis of identifiable data beyond the expiration date, you will need to submit a
new Application for Exempt Research to the Office of Human Research Protection for review and

approval.

Please reference the exemption number above on all related correspondence with the OHRP. If any additional

information is necessary, pl

e contact J. Logan Hamill at 775.327.2368.

Susan Ford Publicover, MA, CIP, OHRP Director
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Appendix C

Sample ACAT Assessment Report

The following information is used as input to ACAT. The report generated from the
system follows.

Course: CS 201

Semester/Year: Spring
Prerequisite: CS 123

Taught course previously: yes
Were students prepared: yes
Useful Comments: Excellent class

Past change description: Too much homework
Past change effect: Reduced homework by 2 assignments

Future change description: More guest speakers
Future change purpose: Bring in guests from the industry

4 Computer Science Students
Course outcomes: a and ¢

Instruments of direct assessment:

Outcome a, Midterm problem 4, 5 points, scores 4, 5, 3, 4
Outcome ¢, Final question 3, 10 points, scores 9, 7, 10, 8
Outcome ¢, Homework 2 problem 1, 5 points, scores 5, 5, 4, 4

Self assessment scores:
Outcome a: 4.35
Outcome c: 4.78
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CS201 Instructor: Dr. ImaTest Semester/year: Spring 2009

The purpose of thisform is to document the achievement of ABET Criteria 3 outcomes in the courses
that you instruct. Answerst the questions below should cite supporting evidence from your own

observations, student performance on assignments and examinations, student self assessment forms, and
other feedback.

D First time taught by this instructor Course taught previously
Course prerequisite(s): CS123
Were the students adequately prepared by prerequisite course(s)? Yes[X] No| |

Were changes implemented since the last time this course was taught? ~ Yes[X| No| ]
If yes, what changes were made since the last time this course was taught?

Changes Made Since Last Time Effects of Change
Too much homework Reduced homework by 2 assignments
Are changes called for the next time this course is taught? Yes[X] No| |
If yes, what changes should be made the next time this course is taught?
Changes Made Since Last Time Effects of Change
More guest speakers Bring in guests from the industry

Most Useful Comments from Sudents

Excellent class.

Page 1/3
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Did the students demonstarate achievement of the learning objectives/expected outcomes specific to this
course? In the table provided, cite evidence usng student responses on the student self assessment
guesions and evidence from your direct assessment of student work.

Computer Science

Mapping between ABET Outcomes - Cour se Outcomes - | nstruments of Assessment

ABET Student Self I nstruments of Outcome
Criterion 3 | Assessment Course Outcomes Direct Assessment| Average
Outcomes by Instructor

a 4.350 an ability to apply knowledge of | Midterm - Question 4.00
mathematics, science, and 4
engineering
c 4.780 an ability to design a system, Final Exam, 4.38
component, or process to meet Question 3
desired needs within realistic Homework 2,
constraints such as economic, Problem 1
environmental, social, political,
ethical, health and safety,
manufacturability, and
sustainability
Student Samples
ABET Criterion 3 a c
Outcomes
I nstruments of Midterm|Avg. |Final Q |HW 2P |Avg.
Direct Assessment |Q 4 3 1

Student Samples | 400 | 40| 450 | 500 | 48
(5=excellenttol I 50y 50| 350 | 500 |43

= poor)
300 | 30| 500 400 |45
400 | 40| 4.00 400 | 4.0
Outcome Aver ages 4.00 4.38
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