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Abstract 
 

This research paper presents a database management system for tracking course assessment data 
and reporting related outcomes for program assessment.  It improves on a database system pre-

viously presented by the authors and in use for two years.  The database system presented is 

specific to assessment for ABET (Accreditation Board for Engineering and Technology) accredita-
tion effort of a CIS (Computer Information Systems) department, but could be easily adapted to 
any program assessment.  The relevance of tracking course assessment data and its role in re-
porting the outcomes for assessment is discussed. Issues of consistency, efficiency, flexibility, and 
reusability are discussed and sample data and reports are presented.  This paper concludes with a 
discussion of the merits of the database management system as a tool in program assessment.  
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1. INTRODUCTION 

Program assessment has become one of the 
highest priorities in higher education and a key 

component of accreditation efforts for any aca-

demic program.  Program review and accredi-
tation efforts for organizations such as ABET 
and AACSB require the tracking of data from  

such sources as questionnaires from alumni 
and feedback from advisory boards.  Another 
key ingredient for assessing program outcomes 

is the performance of students in the required 
coursework in the program.  Outcomes of any 
instrument used to evaluate student perfor-
mance, such as homework, projects, presenta-
tions, course exams, and national exams, can 

be used for course or program assessment.   
Course objectives can be evaluated using ob-
jective measures and this data can be aggre-

gated to assess the program outcomes.  To 

support the gathering and analysis of this data, 
a relational database was designed and imple-
mented in Microsoft Access.  This paper de-
scribes the mapping of course learning objec-
tives for a CIS department’s courses to both 
the program outcomes and ABET outcomes, 

the development of a relational database to 
support the assessment of courses, and an 
ongoing evolution of that database system. 
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2. LITERATURE REVIEW 

A review of the literature shows that while 
there is a wealth of research on the general 
topic of program assessment, there has been a 

relatively limited number of efforts to develop 
tools and software to help streamline the time-
consuming and burdensome process of data 
collection and analysis for program assess-
ment.   

Spurlin reports on the development of a data-
base for collection and analysis of data of an 

engineering program for ABET accreditation 
(Spurlin, Rajala, Lavelle, & Hoskins, 2002).   
However, it is not clear if the system allows for 

easy input of data from exams and projects 
and easy generation of assessment reports.  
Harding (2005) reports on the development of 

a prototype web-based assessment system for 
an ABET accredited engineering program.  The 
author indicates that the student developed 
prototype had a number of problems but pro-
vides a good base to build upon. 

Poger describes a web-based system devel-
oped for online evaluation of courses for a 

Computer Science department (Poger, Kamari, 
Chuah, & Ricardo, 2005).  The system is used 
to compile data from student prerequisite skills 
surveys, course objective student surveys, fa-

culty course objectives assessment, and stu-
dent exit surveys. 

Booth proposes a database template that, 

among other things, provides a mechanism to 
map program outcomes and course objectives 
to ABET outcomes (Booth, Preston, & Qu, 
2007a).  Booth also proposes requiring stu-
dents to submit assignments via the Web and 
a method for extracting assessment metadata 

from these assignments.  Booth presents a 
prototype of the implementation of the tem-
plate in a second paper (Booth, Preston, & Qu, 
2007b). 

Urban-Lurain proposes a database system that 
includes a newly defined extensible Educational 

Metadata Language- EdML(Urban-Lurain, 

Ebert-May, Momsen, McFall, Jones, Leinfelder, 
& Sticklen, 2009).  EdML enables assessments 
to be tagged based on taxonomies, psychome-
trics, and other data to facilitate analysis. 

Segall presents a database driven system for 
IS Curriculum Assessment using the national 
ISA exam (Segall, Ghosh, & Morrell, 2009).    

The system provides for two-step mapping 
from ISA exam questions to course objectives 

via the 2002 IS Model curriculum Learning 
Units (LU).   

Essa (2010) proposes the ABET Course As-
sessment Tool (ACAT) as his Masters thesis.  

ACAT is a web-based tool that allows Faculty to 
input assessment data and generate a report 
in pdf format.  This work appears to take a 
similar approach to the database design taken 
by Morrell (Morrell, Morris, & Haga, 2009). 

3. BACKGROUND 

The CIS Department faculty at Metropolitan 

State College of Denver debated for months 
before finally agreeing on a set of program 

outcomes prior to the initial pursuit of ABET 
accreditation.  The final result was a set of 10 
program outcomes, which are listed in Table 1. 
Subsequently, many additional months were 

spent mapping: 1) CIS course learning objec-
tives to these CIS Department outcomes; and 
2) CIS course learning objectives to the 10 
ABET outcomes.  The ABET outcomes are listed 
in Table 2. 

This work was performed by a CIS Department 
taskforce.  During these meetings, a faculty 

member came up with the idea of developing a 
database management system to record and 
analyze assessment data for courses.  A colla-
borative process lead to the design of this rela-

tional database. 

The goals for this database design were as fol-
lows: 

a) The design must be sufficiently flexible 
to allow tracking of any instrument 
used in evaluating students while al-
lowing the faculty to determine the 
scale and level of the items measured. 
 

b) The design must provide for a control 
of consistency of the data captured. 
 

c) The design must provide a mechanism 
for mapping the course evaluations to 

program and ABET outcomes. 
 

d) The design must be portable and reus-
able for subsequent accrediting efforts. 
 

e) The data entry for the system must be 
sufficiently utilitarian to be acceptable 
by faculty and staff. 
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4. DBMS DEVELOPMENT 

Initial Database Design and Implementa-
tion 

The initial database design was previously pre-

sented by Morrell at the Northeast American 
Society of Engineering Education (Morrell, 
2009). 

The Entity Relationship Diagram (ERD) for the 
improved database design is shown in Figure 
1.  The database entities are explained in Table 
3.  Looking at the design we can see the tables 

that relate to the two mapping processes de-
scribed above.  The mapping of CIS course 

objectives to the CIS Program Outcomes is 
handled by the CourseObjective, Po_Co, and 
Program_Outcomes tables.  The mapping of 
CIS course objectives to the ABET Outcomes is 

addressed by the Course_Objective, Ao_Co, 
and Abet_Outcomes tables. The basic Course, 
Faculty, and Class data was imported from the 
college scheduling system.  

The assessment instruments, such as exams, 
quizzes, assignments, and projects were en-
tered into the Eval_Instrument table.  To facili-

tate access for faculty and staff, the database 
is stored on a network shared folder.  Faculty 
have access to this folder and the Information 
Technology department configured access for 

an administrative assistant.  Faculty can enter 
the data themselves or record the data on a 
paper form.  The data from the latter can then 

be entered by an administrative assistant. 

After the assessment instruments are entered, 
faculty can enter evaluation items for each in-
strument.  In terms of tracking students’ suc-
cess, a faculty member can choose one mul-
tiple choice question, a group of multiple 

choice questions, a short answer question, a 
whole project or part of one.  In other words, 
the faculty member has total control over the 
granularity they use. 

Before any data is captured the Department 

must set up guidelines for entering the results 
of any item on any instrument.  An example 

would be the countright attribute in the data-
base – see Figure 1.  If the instrument is an 
exam and the item is a subjective question, 
then the department must decide what "coun-
tright" means.  The department agreed that a 
passing grade means that the student scored a 
seventy percent on that item.  For multiple 

choice questions, the determination of passing 

is clear, but for subjective items, the seventy 
percent measure is used. 

The class entity includes time attributes, which 
will allow for periodic review, analysis, and 

comparisons over any number of seme-
sters/years.  The database could also be easily 
modified to track curriculum changes and their 
effect on student outcome scores. 

Sample Database Form and Report 

A data entry form (see Figure 2) is used to fa-
cilitate data entry of the detailed assessment 

data.  It also promotes consistency and accu-
racy. 

This form allows users to enter assessment 
data for each evaluation item (e.g. question 
11) for each evaluation instrument (e.g. an 
exam).  Therefore this form corresponds to the 

Eval_Instrument and Eval_Outcome tables 
(see Figure 1).  The user first selects a class ID 
(CRN) from a drop-down box and information 
about this class is displayed so the user knows 
they are entering data for the correct class.    
They then enter the data for exams/projects as 
well as how many students were successful on 

the chosen questions. 

The data entry form emphasizes the granulari-
ty possible with this design.  Looking at the 

bottom part of the form a faculty member can 
enter an Eval_ID of E1 for Exam 1 and then 
enter every question on that exam as an eval-
uation item.  Entering each question as an 

evaluation item would only make sense if these 
questions can be mapped to the course and 
ABET objectives.  Alternatively they could 
group five questions that pertain to one course 
objective and enter this as one row in the 
form.  

The CIS Assessment Data by ABET Outcomes 
report (see Figure 3) displays the detailed as-
sessment data grouped by ABET outcomes    
a–h.  Each outcome has a list of all courses, 
evaluation instruments, as well as the success 

rate for each evaluation item that pertains to 
that outcome.  The Percent column indicates 

the percentage of students in a class who got a 
question correct. 

Second Database Design and Implementa-
tion 

The initial database system was used for one 
year and the information generated was used 
in the creation of the Self-Study report for 

ABET accreditation.  After having had a year’s 
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experience with the database management 
system, faculty expressed a few concerns: 

a) Regardless of whether an assessment 
item was a multiple choice question, an 

essay question, a minor homework as-
signment, or even a major project 
there was no way to “weight” the item 
– so for example a multiple choice 
questions was being counted as equal 
to a major project. 
 

b) There was no distinction between a 
lower level objective such as “Identify 
the components of a LAN” and a higher 

level objective such as design a 
LAN/WAN network. 
 

c) Faculty had trouble remembering what 
the assessment items were when re-
viewing reports later. 

This lead to the following modifications to the 
database: 

Weight is added to the Eval_Outcome table. 
This allows a professor  to distinguish between 

the various types of exam questions 
(true/false, multiple choice, fill-in the blank, 
short answer, essay, program, coding,  design 
problems, etc)  and the various types of 

homework assignments (research papers, pro-
gramming assignments, minor projects, major 
projects, etc).  For example in the case of a 

database course, it is clear that a multiple 
choice question on an exam should not be 
weighted the same as a problem that requires 
students to create an ERD from a set of several 
business rules.  The ERD should have a much 
higher weight than the multiple choice question 

when it comes to determining if the course ob-
jective, and therefore a program outcome, is 
met.  An example of weighting for such a class, 
a multiple choice question could be assigned a 
weight of 1, a short answer question a weight 
of 3, and ERD a weight of 5 and a major 
project a weight of 10. 

BloomLevel  is added to both the 
Course_Objective and Eval_Outcome tables. 
When developing/modifying course learning 
objectives, faculty frequently use the Bloom 
levels.  In fact, the college-wide Curriculum 
Committee for this college checks these objec-
tives using Bloom levels.  Adding the attribute 

to the Eval_Outcome table allows faculty to 
match evaluation items with the learning ob-
jectives in the course syllabus.  It could also be 
used by the course coordinator and/or curricu-

lum committee when reviewing assessment to 
identify possible problem areas (i.e. Faculty 
trying to measure higher level objectives with 
all multiple choice questions). 

ItemType is added to the Eval_Outcome ta-
ble.  It allows faculty to indicate the type of 
evaluations item, such as multiple choice ques-
tion, short answer question, assignment, etc. 
This is helpful when reviewing the assessment 
data at the end of a semester. 

ItemDesc  is added to the Eval_Outcome ta-

ble. It allows faculty to indicate the con-
cept/skill covered by the evaluations item.  
Using the database class example again, while 

ItemType could indicate a multiple choice 
question, ItemDesc for example could tell us 
that it was a question related to foreign keys. 

This is helpful when reviewing the assessment 
data at the end of a semester.  Otherwise the 
faculty member has to go back to the evalua-
tion instrument, say an exam, and find the 
question to which this item pertains. 

5. DISCUSSION 

The initial database design in this paper was 

adopted by the authors’ CIS Department and 
has now been used for 4 semesters. 

Dr. Janos Fustos, Chair of the department’s 

ABET committee, provides the following evalu-
ation of the database system: 

Being charged to coordinate the CIS pro-
gram's ABET activities, I appreciate your 

work that provides us with this important 
tool.  As accreditation agencies have 
moved to an outcome oriented program 
assessment it is vital for us to have a data 
source that records all the assessment ac-
tivities and data that we can use to eva-

luate how far our program meets the 
aimed goals and criteria proposed by ac-
creditation requirements. The database 
system that you've created allows us to 
capture the necessary data, generate re-

ports at different granularity levels, and 
supports all of our documentation require-

ments including course revisions, curricu-
lum modifications, annual analysis, region-
al and professional accreditation, and pe-
riodical program reviews. 

Course coordinators are required to, and re-
sponsible for, entering assessment data for 
their courses in the database each semester. 

The database system and its results, along 
with specific ways the system help to improve 
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courses, was presented to the ABET Visiting 
Team in the Fall of 2009. The team responded 
with very positive feedback. In addition, other 
departments seeking accreditation at the col-

lege have expressed a desire to have access to 
the database system. The reaccreditation 
process was successful. In fact, the depart-
ment received an Assessment Achievement 
Award for its diligence in identifying course-
embedded sources of evidence, articulating 
targets for student scores on program out-

comes data, and engagement of the faculty. 
The award was accompanied by a monetary 
prize. Therefore the authors believe this bot-
tom-up approach of assessing student perfor-

mance in CIS courses played an important role 
in successful reaccreditation. This information 

was used in the creation of the ABET Self-
Study Report.  However, the system is much 
more flexible and adaptable than just this par-
ticular application.  Indeed these are key cha-
racteristics of the design. The system could be 
used not just for ABET accreditation but also 
any other academic accreditation effort such as 

AACSB.  In addition it could be used by any 
non-academic organization that captures nu-
meric data for assessment 

Another strength of the design is that the ex-
pert, say a course coordinator, is in control of 

the chosen granularity.  They can choose 
whether they want to track individual multiple 

choice questions, a group of multiple choice 
questions, a complete project,  or a  part the-
reof.  In addition to the choice of granularity, 
an organization can choose which attributes to 
use.  For example, they could initially choose 
to ignore Weight and BloomLevel.  If necessary 

they could start capturing these items in later 
time periods.  This flexibility reduces the bar-
riers for the adoption and use of an assess-
ment tracking system. 

The organization also decides how to handle 
such issues as what percentage constitutes 
passing a subjective evaluation item such as a 

short answer question.  This department uses 
greater than or equal to 70% as a passing 
score and then counts the number of students 
that got this score.  Another organization could 
choose a different value. 

How can the information from the generated 
reports be used?  An example from a LAN/WAN 

class illustrates the potential.  The faculty 
member noted from the reports that students 
answered a question about routing and auto-
nomous systems poorly.  More emphasis was 

given to this material in the following semester 
with a resulting improvement in student re-
sults.  Thus one key application of the system 
is to identify weaknesses in the coverage of 

the subject matter and to be able to address 
these issues in subsequent semesters. 

Another example of the use of the information 
captured by the system is the identification of 
anomalies.  For example, a course may have a 
certain Bloom level but there are no evaluation 
items at this Bloom’s level.  The department 

could then evaluate how to improve assessing 
the students in this course.  This illustrates the 
potential of the system to be used for address-

ing continuous improvement. 

In conclusion, the database design allows the 
tracking of course results at any level of granu-

larity.  If a department is in doubt about the 
level of detail required, the database can store 
all the items of all instruments used to deter-
mine course or program results.  This is impor-
tant to programs that undergo accrediting for 
multiple agencies such as ABET and AACSB. 
The mantra for this system is "If the data is 

sufficiently captured and organized, any re-
porting requirement on program results can be 
met".  Hence the Department must invest the 
time and effort in developing the requirements 
for collecting the data.  

6. SUMMARY AND CONCLUSION 

Program assessment is now one of the highest 

priorities in higher education and has a vital 
role in program accreditation.  Course assess-
ment, which is an important focus in program 
assessment, is centered on collecting and re-
porting data related to course outcomes.  Al-
though there are various approaches to the 

latter task, this paper presents a system which 
is DBMS centered to accomplish this task.  The 
system described in this paper is one that ad-
dresses the issues of consistency, flexibility, 
reliability, and reusability.  The discussions 
above make a case that the system is techni-

cally and operationally feasible and that it 

meets criteria developed by the department for 
program assessment.  The discussion of the 
evolution of the systems reveals the critical 
element of involvement of program constitu-
ents and the flexibility and utility of the sys-
tem.   Although the system was developed for 
a specific program for accreditation, it has the 

potential to be used by any similar organiza-
tion (program or department) undergoing as-
sessment for any purpose such as accreditation 
by agencies including ABET or AACSB.  While 
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the system is designed to be used primarily for 
tracking class assessment data, it can be mod-
ified or adopted for tracking any quantitative 
metric used in assessment of an organization 

by an agency.  The overall goal of such a sys-
tem is to simplify, standardize, and organize 
the capture of data to provide a rich repository 
to support current and future assessment ef-
forts.  The system described in this paper 
meets that goal.  
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Appendix 
 
 

Table 1 - CIS  Program Outcomes 

 

The program enables students to achieve (by the time of graduation) the following outcomes with-

in the framework of professionally accepted Information Systems practices: 
 

SO1: Knowledge of basic information systems theory and concepts and the skills to apply this 
knowledge to the functional areas of business 

SO2: Knowledge of project management tools and techniques as they apply to Information 

Systems projects 

SO3: Knowledge of programming processes including planning, writing, testing, executing and 
debugging 

SO4:  Knowledge of database design, development and management 

SO5:  Knowledge of telecommunications and networking systems 

SO6:  Knowledge of web-based systems 

SO7:  Knowledge of operating systems 

SO8:  Knowledge of how to create and utilize team approaches to problem solving 

SO9:  Advanced knowledge in an IS area 

SO10:  Ability to support the delivery and management of information systems 

  

 

  

 
Table 2 - ABET Outcomes 

 

The program enables students to achieve, by the time of graduation: 
 

a: An ability to apply knowledge of computing and mathematics appropriate to the discipline; 

b: An ability to analyze a problem, and identify and define the computing requirements ap-
propriate to its solution; 

c: An ability to design, implement and evaluate a computer-based system, process, compo-
nent, or program to meet desired needs; 

d: An ability to function effectively on teams to accomplish a common goal; 

e: An understanding of professional, ethical, legal, security, and social issues and responsibili-
ties; 

F: An ability to communicate effectively with a range of audiences; 

g: An ability to analyze the local and global impact of computing on individuals, organizations 
and society; 

h: Recognition of the need for, and an ability to engage in, continuing professional develop-
ment; 

I: An ability to use current techniques, skills, and tools necessary for computing practices. 

J: An understanding of processes that support the delivery and management of information 
systems within a specific application environment. 
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Figure 1 – Database Design 
 

 
Table 3 – Database Entities 
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Entities Description 

ABET_OUTCOMES All ABET outcomes. 

AO_CO Maps course objectives to ABET outcomes. 

CLASS  Specific information for a given section offering of a course 

COURSE General information about each Course 

COURSE_OBJECTIVE   All course objectives for a course 

EVAL_OUTCOME Individual items from a specific evaluation instrument 

EVALUATION_INSTRUMENT General information about a specific assessment  

FACULTY  General information about the faculty member. 

PO_CO Maps course objectives to program outcomes. 

PROGRAM_OUTCOMES All program outcomes for the CIS degree. 
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Figure 2 – Data Entry Form 
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Figure 3 – Reporting Assessment Data by ABET Outcome 
 

 
 


