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Foreword

The Decision Support System Literacy Task Force of the National Forum on Education
Statistics (Forum) is pleased to introduce the Forum Guide to Decision Support Systems: A
Resource for Educators. This document was developed by educators for educators to reme-
dy the lack of reliable, objective information available to the education community
about decision support systems. The authors hope it will help readers better understand
what decision support systems are, how they are configured, how they operate, and how
they might be implemented in an education institution.

Like other Forum guides, this document was prepared by Forum members—represen-
tatives of local and state education agencies, federal agencies, and national organizations
involved in education data collection and use. This work was supported by the National
Center for Education Statistics of the U.S. Department of Education.

The National Forum on Education Statistics provides an arena for local, state, and
national leaders in the education data community to discuss issues, address problems,
develop resources, and consider new approaches to improving data collection and utility.

The Decision Support System Literacy Task Force hopes you find the Forum Guide to
Decision Support Systems: A Resource for Educators useful, and that it helps improve data-
driven decisionmaking in schools, school districts, and state education agencies across
the nation.

Tom Ogle Raymond Yeagley
Task Force Co-Chair Task Force Co-Chair
Missouri Department of Northwest Evaluation Association

Elementary and Secondary Education

Forum Review Procedures

Task force members review all products iteratively throughout the devel-
opment process. Documents prepared, reviewed, and approved by task
force members undergo a formal public review. This public review con-
sists of focus groups with representatives of the product’s intended
audience, review sessions at relevant regional or national conferences, or
technical reviews by acknowledged experts in the field. In addition, all
draft documents are posted on the Forum website prior to publication
so that any interested individuals and organizations can provide feed-
back. After the task force oversees the integration of public review
comments and reviews the document a final time, all publications are
subject to examination by members of the Forum standing committee
sponsoring the project. Finally, the entire Forum (approximately 120
members) must review and vote formally to approve the document prior
to publication.

Foreword
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Introduction

Many education stakeholders want access to more data to help them decide how best to
operate, manage, and evaluate our schools. But they do not want just any data—they
want better data. They want real-time data they can use to run their schools more
efficiently today; up-to-date information that permits them to compare school inputs,
processes, and outcomes during the current grading period; and longitudinal informa-
tion that enables them to anticipate their schools’ needs in the future. In other words,
they want data to be useful, accurate, well organized, and readily accessible to those who
need it to make decisions about the operation and management of the education enter-
prise.

“Data-driven decisionmaking” is critical to many organizations across the nation,
including schools, school districts, and state education agencies. In an education setting,
it means that pedagogical and operational choices are to be informed by accurate, rele-
vant information available in time to influence decisionmaking. To do this, however, raw
data from disparate sources must be accessed, integrated, compiled, and distilled into
useful information in a timely manner. This task may best be accomplished by a specific
class of computer information systems called “decision support systems (DSS).” Many
education organizations trying to get the right data into the hands of the right decision-
makers at the right time have concluded that investing in such a system might be the
best solution for their information management needs.

Investing in a decision support system promises numerous benefits, which in many
circumstances may outweigh the costs, but it is nonetheless a major decision. Purchasing
a decision support system represents a significant financial and operational commitment.
Some of the costs are related to hardware and software, but there are other expenses as
well—potentially including redesigning the organization's data architecture, changing data
collection procedures, and upgrading system security. Initial and ongoing stakeholder
training and support may also be necessary.

Decision support systems are inherently complex in terms of both their data man-
agement and technology architecture. This natural complexity is amplified by sometimes
conflicting information coming from the technology industry. Some of this confusion
stems from genuine disagreement over definitions and an inability to clearly delineate
related concepts, such as data marts and data warehouses. In other cases, vendors selling
one technology solution may not be able, or willing, to accurately describe the similari-
ties and differences between their product and other available systems. Therefore, many
decisionmakers in education organizations (who are educators rather than technology
specialists) may find it difficult to obtain the reliable and objective information they
need to better understand decision support systems and determine how they might be
used most effectively in education organizations.

The Forum Guide to Decision Support Systems: A Resource for Educators was developed to
remedy this lack of reliable and objective information about using decision support sys-
tems in education organizations. In other words, this guide was written to “educate the
educators” about decision support systems. More specifically, this document addresses
the following broad questions:

Part I. What is a Decision Support System?
€3 What is a decision support system?
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£3 How does a decision support system differ from a data warehouse and a data
mart?

£3 What types of questions might a decision support system address when used
in an education organization?

Part I1. Components of a Decision Support System
£3 What components, features, and capabilities commonly comprise a decision
support system?
£3 How does each broad category of these components and features contribute
to system operation?

Part I11. Developing a Decision Support System
£3 How does an education organization buy or develop a decision support
system?
£3 How are stakeholders trained to use a decision support system?

A decision support system might be used in a great many different ways in the
numerous schools, districts, and state education agencies across the nation. This wide
range of applications and settings creates substantial variation in the features and capa-
bilities of decision support systems; however, a common core of concepts and models
are associated with most decision support systems. This document emphasizes those
commonalities to help educators better understand these fundamental concepts and
capabilities prior to making significant financial investment in a decision support system.

Forum Guide to Decision Support Systems: A Resource for Educators



Part 1
WHAT IS A DECISION SUPPORT SYSTEM?

Questions fo be addressed:

» What is a decision support system?

» How does a decision support system differ from a data warehouse and a
data mart?

» What types of questions might a decision support system address when
used in an education organization?

o

ties may not be very familiar with the term “decision support system,” the

concept was initially conceived as early as the mid-1960s.! Forty years later, these
valuable systems are used in private and public sector organizations around the world,
although they are still not well understood by those without highly technical training.
While describing all types and permutations of decision support systems is beyond the
scope of this publication, this document can help readers better understand what deci-
sion support systems are, how they are configured, how they operate, and how they can
be implemented in an education organization.

ﬁ lthough many outside the systems technology and data management communi-

Defining the Concept
A “decision support system” may be defined in many ways. Some definitions emphasize
hardware and software components; others focus primarily on function (i.e., fulfilling
the information needs of decisionmakers); while a few even describe user interfaces, job
functions, and data flow. As such, competing yet complementary definitions of decision
support systems include:
£3 Decision support system: An interactive software-based computerized informa-
tion system intended to help decisionmakers compile useful information from
raw data, documents, personal knowledge, and business models to identify and
solve problems and to make decisions.?
£3 Decision support system: An interactive computerized system that gathers and
presents data from a wide range of sources to help people make decisions.
Applications are not single information resources, such as a database or a graph-
ics program, but rather the combination of integrated resources working together.?
£3 Decision support system: A cohesive and integrated set of programs that share
data and information and provide the ability to query computers on an ad-hoc
basis, analyze information, and predict the impact of possible decisions.*

Part I: WHAT IS A DECISION SUPPORT SYSTEM?



A decision support system is clearly not an application that simply manipulates
data or supports decisionmaking. For example, an enhanced user interface that permits
querying and analysis of a single database is not a decision support system; nor is a
spreadsheet application with basic analysis and advanced “if/then” planning features.
Even a database management system (DBMS) that permits a user to select and analyze
data within a single database for reporting and analysis would not qualify, because it
does not integrate multiple databases. Rather, a decision support system is intentionally
and explicitly more comprehensive, and is designed specifically to enable users to sup-
port problem solving and decisionmaking by compiling information from disparate
sources of raw data.

A robust definition of a decision support system should encompass: (1) users who
understand what the data mean and how they can be accessed with a (2) technology
system (hardware, software, and user interfaces) that manipulates (3) a data system (inte-
grating data from multiple sources) explicitly for the purposes of (4) a decisionmaking
system (user-driven within an organization). While not a formal definition, this descrip-
tion was developed for this publication to stress multiple emphases on user skills,
technology tools, data quality, information use, and organizational management encom-
passed by true decision support systems. Such a description incorporates technology
tools for managing, analyzing, communicating, and using data; an understanding of data
within the system and the implications of the use of those data; and an intention by
decisionmakers to employ information for the purpose of planning and action within an
organization.

For the purpose of this document, a “decision support system” is defined as a
cohesive, integrated hardware and software system designed specifically to
manipulate data and enable users to distill and compile useful information from
disparate sources of raw data to support problem solving and decisionmaking.

Data Warehouse and Data Mart

Two terms are often confused with “decision support system”: “data warehouse” and
“data mart.” While superficially similar in both terminology and concept, they are in fact
different and should not be used interchangeably.

A “data warehouse” is a central repository for all, or a significant portion, of the data
an enterprise collects. Data “warehousing” emphasizes storing data from diverse sources,
but it does not generally concern itself with the end user as a decision support system
would.’ To be more specific, data warehousing serves the functions of “querying and
reporting” large sets of data, rather than “querying and analyzing” data. Moreover, the
primary purpose of a data warehouse is to provide access to historical or transactional
data in their basic format (e.g., tables), not to distill data into a format that encourages
or even permits in-depth analysis.®

A “data mart” is very similar to a data warehouse in that it is a repository for data;
however, data marts are limited in scope to a subset of an organization’s information, as
delineated by subject, function, utility, or user group. Like a data warehouse, a data mart
does not offer the sophisticated data analysis and reporting capabilities of a decision sup-
port system.

Forum Guide to Decision Support Systems: A Resource for Educators



TmnSforming Education DeCiSionmﬂking

Utilizing a decision support system is a proactive way to use data to manage, operate,
and evaluate education institutions. Depending on the availability and quality of the
underlying data, such a system could address a wide range of questions by distilling data
from any combination of education records systems. The following examples illustrate a
few of the many questions a robust decision support system could potentially address.

-

Questions about the classroom.

3

0O

€3

O

Do students who have teachers with degrees in mathematics perform better on
math assessments than students whose teachers have degrees in other areas?

* To answer this question, the system might compile data from staff records
(degree type), school records (classroom teaching assignment), and student
gradebook systems (assessment results).

Are all students in the fourth grade progressing at the same rate, or are the
students who had a specific third-grade teacher doing better than the others?
* Answering this question requires data from school records (classroom
teaching assignment) and student gradebook systems (academic progress).

Are the students who receive Title I services progressing at the same rate as
those who are not?

* This question requires data from program records (Title 1 participation)
and student gradebook systems (academic progress).

Are Hispanic students progressing at the same rate as students from other
ethnic backgrounds?

* The answer to this question requires data from student information systems
(race/ethnicity) and student gradebook systems (academic progress).

Operational questions that extend beyond the classroom.

3

3

Are students in Supplemental Educational Services (SES) programs showing
academic growth on large-scale assessments, improved attendance, or both?

* To answer this question, the system might compile data from program records
(SES participation), student gradebook systems (academic growth), and

student information systems (attendance).

Does a reduction in staff injuries correlate with a district’s staff development
activities or other safety measures?

* Answering this question requires data from staff records (injury occurrence),
human resources systems (staff training topics and participation), and

school facilities systems (measures to improve safety).

Are there fewer veteran teachers at lower-performing than at higher-performing
schools?

* To answer this question, the system might compile data from staff records
(years experience), school records (school teaching assignment), and student
gradebook systems (assessment results).

Policy questions at the state level.

3

Do one district's students perform at a higher level than those in other districts
with similar demographics and per pupil expenditures?

Part I: WHAT IS A DECISION SUPPORT SYSTEM?
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3

* To answer this question, the system might compile data from district-level
records from across a state, including student demographic records (race/
ethnicity, socio-economic status, etc.), school finance systems (per pupil expen-
ditures), and student gradebook systems (academic performance).

Is there a correlation between the amount of school district funds dedicated to
early childhood education and student performance?

* This question requires data from state-level records, including school records
(student performance), program systems (early childhood education participa-

tion), and finance systems (fund allocation).

Do urban and rural districts have fewer highly qualified teachers than suburban
districts?

* Answering this question requires data from staff records (highly qualified
status) and geographic information systems (urban/suburban/rural designations).

Are more minority students passing higher-level algebra courses in middle
schools?

* To answer this question, the system might compile state-level data from
student information systems (race/ethnicity), student gradebook systems (class
performance), and school records (school type).

J

Summary

Decision support systems are becoming increasingly important information management
tools in education organizations. They are already being used effectively by many
schools, districts, and state education agencies across the nation. Depending on their
configuration, these systems can be powerful tools for addressing a wide range of ques-
tions about student performance, classroom management, organization-wide operations,
and state-level policymaking.

Notes
YPower, D.J. A Brief History of Decision Support Systems. Version 2.8 retrieved April 18,
2006 from http://dssresources.com/history/dsshistory.html.

2 Adapted from Decision Support Systems—DSS (definition), Information Builders. Retrieved
April 20, 2006 from hitp://www.informationbuilders.com/decision-support-systems-dss.html.

3 Adapted from Webopedia. Retrieved April 20, 2006 from
hitp://www.webopedia.com/term/d/decision_support_system.html.

4 Adapted from PCMag Encyclopedia. Retrieved April 20, 2006 from
http://www.pcmag.com/encyclopedia_term/0,2542,t=D S S¢1=42054,00.asp.

> Adapted from Whatls.com. Retrieved April 20, 2006 from hiip://whatis.techtarget.com/
definition/0,289893,sid9_gci211904,00.himl.

¢ Adapted from Greenfield, L., A Definition of Data Warehousing (2006). The Data
Warehouse Information Center. Retrieved April 19, 2006 from
hitp://www.dwinfocenter.org/defined.himl.
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Part I
COMPONENTS OF A DECISION
SUPPORT SYSTEM?

Questions to be addressed:

» What components, features, and capabilities commonly comprise a
decision support system?

» How does each broad category of these common components and
features contribute to system operation?

Common Components of Decision Support Systems

escribing a single model that would apply to every decision support system used
D in all education settings is challenging if not impossible. Still, most of the sys-

tems used in an education environment have some features in common. The
following description is based on these commonalities.
In general terms, decision support system components commonly include:

Data Quality: The Foundation of Any Decision Support System
1. Data collection

Hardware, Software, and Data Management Processes
2. Hardware, networks, and operating systems
3. Underlying data sources supplies information,
4. Extract, transform, and load (ETL) process presented efficiently,
5. Data warehouse or data aggregator to help staff make
6. Analysis and reporting tools decisions.
7. User dashboard (see figure 1)

A DSS does not
make decisions; it only

Data Quality: The Foundation of Any Decision Support System

1. Data collection

Data are the foundation of any decision support system. High quality data are useful
(relevant to decisionmaking), valid (accurately measured), reliable (reproducible), and
timely (available in time to influence decisionmaking). Data systems that produce
quality data often emphasize:!

€3 appropriate data collection schedules;

£3 rigorous verification and documentation requirements;

£3 thorough validation procedures;

€3 clear, accessible, and customized coding instructions;

Part Il: COMPONENTS OF A DECISION SUPPORT SYSTEM



7. User
dashboard

6. Analysis and
reporting tools

5. Data warehouse/data
aggregator

4. Extract, transform, and load processes (ETL)

/ 3. Underlying data sources

Users must be trained
to apply the power of
decision support system
tools (see Part lil.
Developing a Decision
Support System).

The only way to ensure
that the hardware, sof-
ware, and processes in a
decision support system
will meet user needs is
to conduct a thorough

\ needs assessment (see

Part lll. Developing a

/ 2. Hardware, networks, and operating systems

Decision Support
\ System).

/ 1. Data collections

\ Foundation = Data Quality

Figure 1. Although no single model applies to all decision support systems, both the elements and their rela-
tionship to one another, as shown in figure 1, reflect features common to many systems that would be used
in education organizations. For information about conducting a needs assessment, training users, and other
critical elements to planning a decision support system, see Part III. Developing a Decision Support System.

J

£3 effective training and support programs;
£3 accurate and consistent data entry;
£3 automated data transfer processes; and
£3 consistently applied terminology (a data dictionary) and rules for data collec-
tion and maintenance (metadata).
Perhaps the single most important mechanism for collecting and maintaining high
quality education data is the consistent application of standard terminology and business

rules throughout the organization. Most institutions with sound data systems have a

As with any data-based single, exhaustive data dictionary that is the definitive source for data term usage expec-

system, the quality of tations; data definitions; and other attributes typically associated with data elements,
including field lengths, code lists and definitions, formats for each given type of data
(e.g., mm/dd/yyyy format for dates), and any restrictions on values or value ranges (e.g.,
“age” must be a value between 1 and 99).2 A corollary to the use of a data dictionary is

information available
from a decision support
system depends on the
quality of the data

originally entered the exphc%t link between each piece of c'iata, the data d1ct.1onary, apd other 1nformaF10n.
info the system. that describes the context of the collection or use of the item. This “metadata,” which is
most simply defined as “data about data,” might include, for example:

£3 when data were collected;

£3 how data were collected (e.g., survey name, definitions, and instructions);

£3 how data were originally formatted (and any subsequent changes);
£3 when a record was accessed or modified;
£3 data dictionary references (e.g., code lists, field length restrictions, and technical

parameters);

Forum Guide to Decision Support Systems: A Resource for Educators



£3 who “owns” the data item (i.e., which individual or office has the final authority
to change a definition or attribute and coordinate appropriate implementation
across the rest of the organization); and

£3 other information needed to appropriately use or interpret the data.

Hardware, Software, and Data Management Processes
2. Hardware, networks, and operating systems

A decision support system is not a single piece of technology, such as a database, file
server, or network. Rather, it is a system for incorporating and integrating disparate data
sources to better allow decisionmakers to access and compile data in a useful format.
The technology associated with a decision support system depends on the organization's
preexisting technologies and data architecture (i.e., how data are currently stored and
accessed), as well as the organization's technical and functional requirements identified
during planning efforts (see part III). In general, most decision support systems will
include the hardware, networking technologies, and operating systems necessary for
supplying and supporting databases and/or servers; a user interface with mechanisms for
accessing, manipulating, and transferring data; and some type of repository for temporar-
ily or permanently storing data. Key technical requirements often revolve around issues
such as accessibility, processing and transfer speed, scalability, interoperability, cost-
effectiveness, and security.

3. Underlying data sources

The data used to make decisions in education organizations come from many disparate
sources, including school business office databases, attendance sheets, student assessment
results, athletic team rosters, human resources files, curriculum frameworks, and school
bus routing systems. External sources such as Census data and county zoning data (e.g.,
geographic information systems) might also be needed, for example to select a building
site for a new school. Moreover, some data may be entered directly into school computer
systems after collection by traditional paper-and-pencil methods, while other data are
downloaded from databases at district administrative offices, state education agencies,
and national testing companies. Another complication is the fact that some data may
reflect up-to-the moment, real-time events, while others represent archived records from
previous decades.

The distributed nature of these data sources presents three challenges that must be
addressed before a decision support system can effectively produce useful information:

€3 Accessibility

£3 Ownership

£3 Interoperability

Accessibility. Decision support systems are designed specifically to gather and present
data from a wide range of sources. If the system does not provide access to all available
data, or at least all data to which the user has access privileges, it is not a decision sup-
port system, but rather a data mart or data warehouse. As discussed above, these are
powerful and useful information management tools but not fully integrated decision
support systems.

Ownership. Within an organization, different groups or departments may claim to “own”
databases. For example, a program office may collect data on a particular topic each year,
or a school may manage its own operational records (daily attendance, class schedules,
teaching assignments, etc.). While data quality is generally higher when individuals feel
personally responsible for “their” data, certain decisions about how data are collected
and maintained should be coordinated across the entire organization. Consider, for
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example, who has the authority to change the format, definition, or content of the
“Student Address” data element; both the transportation director who uses student
addresses to plan busing service and the school secretary who uses the same addresses to
send mail may have legitimate “claims” to this element. Unless ownership authority is
well defined, the organization risks having multiple users modifying formats, definitions,
and code lists independently. This may create redundant versions of the same informa-
tion, and each version may be defined, coded, or formatted slightly differently. Such
parallel systems lead to inefficient use of hardware (storing multiple data sets), wasted staff
time (having to code one change of address separately in multiple places), unnecessarily
restricted or delayed access (extracting from multiple locations), and decreased processing
speeds (having to translate multiple sets of the same information).

Interoperability. The term “interoperability” refers to the ability of a system or compo-
nent to work with other systems or components. In a data system, interoperability
denotes the ability of two or more systems to exchange and integrate data in the absence
of additional steps to translate the data from one system to the other. Ideally, even
separate databases within a single organization will be designed so that data can be
exchanged, manipulated (e.g., aggregated), and reported seamlessly and without conflict.
Unfortunately, different information systems within the same organization may not
always be interoperable—one database may have slightly different technical specifications
or data formats than another.

For example, an item as straightforward as “Gender” may be difficult to reconcile
when it is maintained in slightly different formats in different databases; e.g., “Male or
Female,” “M or F,” and “1 = Male and 2 = Female” are all valid but different entries
for “Gender.” Table 1 illustrates different formats for the same data element, “Name.”
Although the data may be entered correctly in each database, these different formats
present a problem when, for instance, a query tool searches all underlying databases in
the organization. Given that a decision support system is intended to integrate all data
systems in an organization, a process of “extract, transform, and load” (ETL) is often
required when this occurs (see below). Many organizations choose to introduce ETL
processes because establishing interoperability between old (legacy) and new systems is

often difficult, expensive, and time-consuming.

DATABASE NAME DATA FORMAT COMMENT

Student information system Mary Ruth Smith Full name One field

Financial information system Smith, Mary (R) Last name, first name (middle initial) Two fields

Human resources system Mary, Ruth, Smith | First name, middle name, last name Three fields
t\Table 1. “Name” data formatted correctly, but differently, in three separate databases. /A

4. Extract, transform, and load (ETL) process

The extract, transform, and load (ETL) process is necessary when source data in a deci-
sion support system reside in separate, non-interoperable databases (see table 1). As the
name implies, ETL is a three-stage process designed to move data from legacy source
systems into an interoperable format in the decision support system. In the first step, an
“extract” function reads from a specified database and pulls out the desired data. In step
two, a “transform” function uses predetermined business rules to convert the extracted
data into a format that is interoperable (see above) with other system data. Finally, in
step three, a “load” function moves the edited and cleaned data to a database repository

Forum Guide to Decision Support Systems: A Resource for Educators
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Extract, transform, and load (ETL)
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system database system database system database with respect o intemal

data management, but
Transportation School nutrition Transportation were not designed fo
system database system database system database be interoperable.

Figure 2. Separate databases can be well designed, both technically and with respect to data management
practices, but unless they are designed to be interoperable, extracted data will need to be transformed
(edited, cleaned, and verified) before they can be integrated and accessible in a decision support system
data repository.

N /

(often called a data warehouse) within a decision support system (see figure 2). In some
cases, the ETL process includes a fourth step, referred to as a staging area (or, informally,
a “sandbox”). In this context, a “sandbox” is a testing tool that allows system administra-
tors and users to test the loaded data in a practice setting before final transmission to the
“live” environment. By allowing users to double check data sets in a preproduction set-
ting, where changes can be made more easily, costly and time-consuming data-cleaning
activities in the actual system are often minimized.

5. Data warehouse or data aggregator

As seen above, user queries may require compiling data from disparate sources within
(and sometimes outside) an organization. When these sources are not interoperable, the
ETL process must be used to edit, clean, and verify data that is then stored in a data
warehouse for analytical and reporting use (see figure 2). Conversely, if different databases
are initially designed (or later adapted) to be interoperable, the need for an ETL process
is greatly reduced. When this is the case, the ETL step can be replaced with a “data
aggregator,” a tool that simply locates and compiles queried data rather than editing,
cleaning, and verifying it (se¢ figure 3).

6. Analysis and reporting tools

Analysis tools. An “analysis tool” is basically an instrument that applies business rules or
other logic to data in order to derive meaning. This includes time series analysis, cost
allocations, data mining, and other user-driven manipulation and investigation. Analysis
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Figure 3. The need for the ETL process can be greatly reduced if separate data sources are designed to
be interoperable—that is, actively managed with a single data dictionary, metadata convention, and data
ownership standard. When this occurs, a data aggregator may be the correct tool for moving data from
multiple, interoperable data sources into a decision support system’s data warehouse.

J

tools are available in many software applications, including spreadsheets, databases, and
other stand-alone programs. In a decision support system environment, however, analysis
tools are particularly powerful because they rely on On-Line Analytical Processing
(OLAP) technologies. OLAP tools are applications that permit users to browse, query,
analyze, and summarize large amounts of data in an efficient, interactive, and dynamic
way. Such a tool is a useful component of decision support systems because of the multi-
dimensional nature of large data sets. For example, consider a spreadsheet with rows for
classrooms and columns for average test scores by subject area; with OLAP, those same
two-dimensional data cells (the intersections of rows and columns) can be organized into
layers by year, adding a third dimension of time (see figure 4). When OLAP tools generate
this type of three dimensional data, the output is sometimes referred to as an “OLAP
cube.” OLAP cubes permit the manipulation of data between dimensions by relatively
simple, point-and-click user interface rather than complex statistical programming; for
example, the data can be “pivoted,” or presented using any of the three dimensions as
the primary unit of analysis. The ability to manipulate data in multiple dimensions
improves data analysis and reporting capabilities, making OLAP cubes invaluable for
data mining, data management, and trend analysis—and powerful analytical components
of decision support systems.3

Reporting tools. Robust reporting tools are a major element of any decision support sys-
tem. Presenting information in multiple formats (as a blend of text, tables, and graphics)

10
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and in multiple dimensions (changing an axis to present information more clearly, as
discussed above) sometimes clarifies the meaning of the data. Unlike a data warehouse
or database, which both focus on data storage, a decision support system often includes
reporting tools that permit a user to easily:*

£3 place headings, titles, and explanatory information within charts, tables, and

other derived figures;

£3 add borders and shading to clarify and highlight important information and

groupings;

£3 modify font size and style to emphasize points;

£3 move, edit, or delete data, text, and graphics in final reports;

£3 produce a wide range of figures, including bar graphs, pie charts, bar and line

graph combinations, multiple axis graphics, and scatter plots;

£3 export data in various formats (e.g., ASCII, Excel™);

£3 generate reports in various formats (e.g., html, PDF™, e-mail, paper); and

£3 include legends, citations, explanations, and other information.

A decision support system’s reporting functions must serve a wide range of users—
including novices and users with expert analytical capabilities. To accommodate this,
most systems offer two primary classes of reporting tools: (1) predefined (static) reports
that require little system expertise and are ideal for users with typical information needs;
and (2) dynamic (ad-hoc) report-generating capabilities that require greater understanding
of both the data and the querying technology, but allow users to investigate more com-
plex questions.

Predefined reports. Some types of data requests are quite common: How many
students are enrolled this year? How many students graduated last year? What percentage
of students took advanced math courses in the past five years? Because these and many
other data requests are quite common in education settings, they can be anticipated and
are often preprogrammed, in predefined reports. These types of reports are especially
effective tools for users who require basic and predictable information. The more prede-
fined reports a decision support system offers, the more needs it can serve without
requiring stakeholders to become specialists at querying the system.

Average Test Score

(g}
o . .
| Classroom English Math Science
<+ <  Grade 1—Mr. Smith 72.2 84.3 87.5
() 8 Grade 1—Ms. Jones 81.5 77.7 78.4
- 0|_, oy Srade 1—Ms. Powers 82.9 79.2 70.8
°| 8 Grade 1T—NMr. Jackson 76.5 75.6 78.5
AN ¢\l Grade 1—Ms. Powers 80.5 78.1 72.3
8 Grade 1—Mr. Jackson 77.7 72.6 81.45
QN  Grade 1—Ms. Powers 76.0 79.9 81.5
Grade 1—NMr. Jackson 83.6 80.8 77.9

Figure 4. [llustration of multidimensional data. The three dimensions shown in this example include
rows (classrooms by grade level and teacher name), columns (average test scores by subject area), and
layers (years over time). OLAP cubes are multidimensional in nature and are designed to efficiently
\\ display and manipulate multidimensional data.
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Ad-hoc reports. Whenever existing, predefined reports cannot provide an appropri-
ate response to a query, users may be able to customize their request and generate an
“ad-hoc” report. In the context of querying, “ad-hoc” refers to a data request that is
tailored to meet the specific needs of an individual user. By definition, ad-hoc queries
are not readily predictable and cannot, therefore, be preprogrammed by system man-
agers. Clearly, users who require ad-hoc reporting tools will probably need a more
sophisticated understanding of how to use querying tools.

7. User dashboard

In a decision support system, a “dashboard” serves as a user interface that both presents
information and enables a user to access or compile new data by means of a series of
“gauges and dials.” Unlike a car’s dashboard, which is simply a portal to view data about
the vehicle’s condition and operation, a user dashboard in this context is an actively
managed and integral component in the continuum of data collection, validation,
analysis, reporting, and decisionmaking that constitute a decision support system.
Dashboards are most effective when they are customized to reflect the specific needs
of each user group. This requires the collaboration of: (1) stakeholders to communicate

e )

Good morning, Dr. Goodman. It is 7:35 AM on March 21, Day 138 of 182 student days. (H_o)
76% of the school year has elapsed. utto

Average Student Attendance Student Discipline Teacher Absence

Consequence 3/20 | 2wks | YTD on Day 138
This Yr | Last Yr § Teacher Name

Referral to Office 25 102 843 Merrill, S.
Jablonski, L.
Gelinas, F.

Saturday Detention 36 315

Suspension, In School 21 172

YTD Current Year Through Q3 Last Year Olson, P.
Suspension, Out of School 13 143 s ick. S
89% tanwick, S.

93% Expulsion 0 1 Towers, X.

NCLB Spring State Assessment Documented Individual Parent Communications F-S Growth Projections
Proficiency Projections (History to Typical)
5.00

Math Reading ELA
Proficiency Goal 86% 88%

4.00

All students 3.00

African American 200

1.00

Contacts per Child

American Indian/
Native Alaskan

0.00
B Positive News
B Informational
Hl Problem Notification Grade 7

Q1 Q2 Q3 Q4,,Q1 Q2 Q3 Q4
- ]

Asian/Pacific Islander Last Year This Year

Hispanic

White Student Migration

Economically Disadvantaged S O NDJ

Students entering 95| 15 21 Grade 8
Students leaving 18 35
Net change 63) -3 -6|-14 - B >65% probability

Enroliment 891|954 931 Il 35% to 65% probability
M <35% probability

Disabled

[N | N N Vid Achievers
NN | BN | NN High Achievers

I | I NN Low Achievers

Migrant

R IR IR (R [l | R
4> 4D 4| €| €3

English Language Learner

Figure 5. Just as a car’s “dashboard” indicates key metrics for operating the vehicle (fuel balance, speed, emer-
gency warnings), a decision support system dashboard indicates the current status of an education organization,
such as daily attendance, recent disciplinary incidents, teacher absenteeism and substitute needs, recent assess-
ment scores, parent feedback, and student population changes. Decision support system dashboards generally are
customized by user type to ensure they display the information needed to inform decisionmaking.
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Forum Guide to Decision Support Systems: A Resource for Educators



their information needs (i.e., what questions they regularly ask to meet their responsibili-
ties); (2) data specialists to determine what data are needed to answer these questions;
and (3) technical staff to translate input from stakeholders and data specialists into a
dashboard interface. For example, a school principal’s dashboard might display data
about daily attendance, recent disciplinary incidents, teacher absenteeism, substitute
teacher needs, recent assessment scores, parent feedback, and student population changes

(see figure 5).

Summary

Although describing a single model that would apply to all decision support systems is
challenging, some features are common to most of the systems used in education organi-
zations. Common features include data collection activities; hardware, networks, and
operating systems; underlying data sources; extract, transform, and load (ETL) processes;
a data warehouse or data aggregator; analysis and reporting tools; and a user dashboard.

Notes

! Adapted from Accounting for Every Student: A Taxonomy for Standard Student Exit Codes
(NFES 2006-804). National Forum on Education Statistics. (2006). U.S. Department of
Education. Washington, DC: National Center for Education Statistics. Available at
http://nces.ed.gov/forum/pub_2006804.asp.

2 Adapted from Forum Guide to Building a Culture of Quality Data: A School and District
Resource (NFES 2005-801); National Forum on Education Statistics; (2004); U.S.
Department of Education; Washington, DC: National Center for Education Statistics.
Available at http://nces.ed.gov/forum/pub_2005801.asp. Material was also adapted from the
NCES Handbooks Online, retrieved April 27, 2006 from hitp://nces.ed.gov/programs/handbook.

3 For more information about OLAP cubes, tools, and logic, see Dramowicz, K.,
Creating and Manipulating Multidimensional Tables with Locational Data Using OLAP
Cubes, Directions Magazine (January 15, 2005). Retrieved April 27, 2006 from
bittp://www.directionsmag.com/article. phpfarticle_id=733¢>tro=I.

4 For more information about standards of report display and presentation, see appendix C
of the Forum Guide to Education Indicators (NFES 2005-802); National Forum on Education
Statistics; (2005); U.S. Department of Education; Washington, DC: National Center for
Education Statistics. Available online at http://nces.ed gov/forum/pub_2005802.asp.
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Part Il

DEVELOPING A DECISION SUPPORT SYSTEM

Questions to be addressed:

» How does an education organization buy or develop a decision

support system?

» How are stakeholders trained to use a decision support system?

ect driven by business needs and supported by technology tools. Many methods
for planning this type of initiative have been published; most contain the same
general steps, although the tasks may be described differently. In general, these steps are
as follows:
1. Define the task, conduct a needs assessment, establish technology and functional
requirements, and describe current resources.
2. Evaluate defined needs relative to current capabilities.
3. Perform cost-benefit analysis and select a solution that best meets the goals of
the initiative.
4. Purchase (or develop) and install the selected solution.
5. Secure technology and information based on findings from the risk assessment.
6. Plan for ongoing system maintenance and support.
7. Train users to maximize the utility and efficiency of the new system.
8. Integrate the resources and processes into daily routines and long-range planning.

D eveloping a decision support system is not a technology project—it is a data proj-

While addressing each of these steps in detail is not in this document’s purview,
some points are particularly relevant to education organizations undertaking the devel-
opment of a decision support system.!

Conducting a Needs Assessment

A “needs assessment” is an evaluation of all the tasks and functions an organization
should be capable of performing. Most data and decisionmaking needs arise from
“users,” the people who “use” the organization's data to decide how to manage, operate,
and evaluate a school, district, or state education agency. One of the challenges faced by
planners is to create a decision support system that meets the needs of every different
type of user, collectively referred to as “stakeholders.” In an education setting, stakeholders

Once planners have
determined the
organization’s needs
and requirements,
they can prioritize
those needs based on
cost-benefit analysis,
and document the
results for inclusion
in a Request for
Proposals (RFP)
(see appendix).
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Information security
policies are necessary
in all education
organizations, but a
decision support
system’s power fo
increase data access
amplifies their
importance.

might include teachers, principals, school secretaries, program managers, superintendents,
board members, local policymakers (e.g., the mayor or county administrator), students,
parents, and other community members. The list of potential stakeholders is long and
varies by organization; to be thorough, anyone who uses data for decisionmaking should
be considered a candidate for participating in the needs assessment, regardless of data or
technical expertise.

While soliciting input from every stakeholder is impractical, representatives from
each stakeholder group should be included in the planning stage. When decisionmakers
are not thorough in this part of the planning, the final product often has missing fea-
tures, redundant components, inadequate support after deployment, or stakeholders
whose information needs are not met by the new system. In short, the need for good
planning cannot be overstressed: correcting problems can be much more expensive and
time-consuming than planning for contingencies in the first place.

Data Security Planning

In education organizations, the underlying data in a decision support system often
include private information about students and staff members (e.g., contact information,
health records, assessment results). Some of these data are protected by state and federal
privacy laws, such as the Family Educational Rights and Privacy Act (FERPA) and the
Health Insurance Portability and Accountability Act (HIPAA). Education organizations
should enact strong policies and procedures to ensure compliance with state and federal
regulations governing the privacy and confidentiality of personal information.? Relevant
privacy laws include:
€3 The Family Educational Rights and Privacy Act (FERPA)
The Family Educational Rights and Privacy Act (FERPA) protects all personally
identifiable information in student records, except for items designated as
“directory information.” Under FERPA, even directory information (e.g., student
name) may be restricted if parents or legal guardians object to its release for their
own children.?
£3 The Health Insurance Portability and Accountability Act (HIPAA)
The Health Insurance Portability and Accountability Act (HIPAA) protects the
privacy of medical information for students, employees, and others in the data
system. While HIPAA protects fewer kinds of records, it is much more restrictive
than FERPA with respect to how data may be collected, stored, and shared.*
€3 The Individuals with Disabilities Education Improvement Act (IDEA)
The Individuals with Disabilities Education Improvement Act (IDEA) adds
additional layers of protection for certain information about students with
disabilities.

Although education data are usually reported as aggregates (i.e., data are compiled for
groups rather than reported for individual students), values are sometimes so small or large
that an enterprising viewer might be able to deduce personally identifiable information. For
example, if a class has only one boy, reporting the “average” score of males on an assess-
ment is the equivalent of sharing the boy’s test results. Similarly, reporting that 99 percent
of students in a school are eligible for free- or reduced-price meals is nearly the same as dis-
closing this data for each child in the school. Statisticians have developed sophisticated cell
suppression techniques, which can be incorporated into reporting tools, to ensure that
aggregate reporting does not violate privacy rights afforded to individual students.

The power to analyze data across multiple parameters using decision support system
OLAP cubes (see part II) raises additional privacy issues because of their potential to
generate smaller cell sizes than exist in other aggregated data. For example, disaggregat-
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ing by race, poverty, and English-language status in a class of 30—which may be readily
accomplished with a decision support system—may generate a report of three or four
students per subgroup. Data stewards should work diligently to ensure they do not
unintentionally violate confidentiality practices by providing data that, under common
research scenarios, may generate personally identifiable information.

Fortunately, a properly configured decision support system can actually help protect
data confidentiality. Role-based access rules are often used to protect confidential per-
sonal information; for example, parents may have access only to personally identifiable
information about their own children, whereas teachers might have access to personally
identifiable information about any student directly related to their official duties. With
input from data and research specialists, information technology staff can create access
rules in decision support systems that restrict the release of confidential information to
non-authorized users. These protocols can be set to automatically suppress data that do
not meet established criteria, thereby ensuring that users only view appropriately present-

ed data.

User Training

Properly trained users are perhaps the most critical component of effective decision sup-
port systems. After all, people, not decision support systems, make decisions—the decision
support system is only the tool that supports a decisionmaking process undertaken by
users. In fact, the most difficult aspect of using a decision support system is not imple-
menting the technology, but knowing what questions to ask, how to ask them, and how
to interpret the answers (i.e., how to read the reports). Fortunately, users can be trained

to understand the data and its limitations, as well as the system and its capabilities.

The best way to ensure that users know how to use the system and data appropriate-
ly is to train them. Initiating training activities prior to implementation prepares users
for their introduction to a new system. Follow-up training once the system has gone
“live” permits users to learn with actual data. Additional training sessions after users have

had a chance to actually use the system are often effective in overcoming final obstacles Differentiated
to efficient use; this also gives users the chance to ask any questions that have come up professional
while actually working with the system (and discuss any problems that occurred). While development is a

key to the successful
implementation
of a decision
support system.

such training may seem expensive and time-consuming, the alternative is worse—expect-
ing stakeholders to make good decisions, many of which also cost money and time,
without the benefit of knowing how to use the system appropriately.

Many education organizations have found a “train-the-trainer” model to be effective
as well as cost-efficient. In such an approach, staff who are intimately familiar with an
organization's data, system, policies, and personalities are trained to use the system so
that they can, in turn, customize and lead training sessions designed to meet the needs
of other user groups. These training activities may be in person or online, depending on
the school’s location and technology resources.

Differentiated professional development. Because each stakeholder group may use a deci-
sion support system in a slightly (or substantially) different manner, developing separate
training modules for each major type of user group often makes sense. For example, staff
members who need to develop reports and graphic displays using OLAP cubes (see part
IT) will probably need very specialized training, as a thorough understanding of the sys-
tem's capabilities is necessary to fully harness the power of the system. Alternatively,
users who only need a few, predefined reports each grading period will likely work
effectively with a less rigorous introduction to system capabilities—for example, a super-
intendent, business manager, or other administrator may not have the time to learn how
to create ad-hoc reports, but they still need to understand any system dashboard created
specifically for their use.
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Ongoing professional development. After having had an opportunity to become familiar
with the system, use it, and even make mistakes with real queries, users still require
ongoing training. This not only allows for critical training points to be reemphasized,
but also provides an opportunity to master complex issues over time. As in-house users
learn the system, some may be able to serve as trainers in future training sessions.

Summary

The development of a decision support system should be driven by the business needs
of the organization. Schools, districts, and state education agencies interested in purchas-
ing or developing such a system may benefit from undertaking sound planning and
implementation steps, as they would for any major information technology acquisition.

Notes

I These steps are described in greater detail in the Forum Unified Education Technology Suite,
available online at http://nces.ed gov/pubs2005/tech_suite.

2 For more information about relevant privacy issues, see the Forum Guide to Protecting the
Privacy of Student Information: State and Local Education Agencies
(http://nces.ed.gov/forum/pub_2004330.asp), Privacy Issues in Education Staff Records
(http://nces.ed.gov/forum/pub_2000363.asp), and the other privacy-related resources
available from the National Forum on Education Statistics
(http://nces.ed gov/forum/ferpa_links.asp).

3 Visit hitp://www.ed.gov/policy/gen/guid/fpco/ferpa/index.html for more information about
FERPA.

4 Visit hutp://aspe.hhbs.gov/admnsimp/pl104191.him for more information about HIPAA.

S Visit hitp://www.access.gpo.gov/uscode/title20/chapter33_himl for more information about
IDEA.
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Part IV
SUMMARY

This document addresses the following questions:
Part I. What is a Decision Support System?
£3 What is a decision support system?
£3 How does a data decision support system differ from a data ware-
house and a data mart?
£3 What types of questions might a decision support system address
when used in an education organization?

Part I1. Components of a Decision Support System
£3 What components, features, and capabilities commonly comprise
a decision support system?
£3 How does each broad category of these components and features
contribute to system operation?

Part I11. Developing a Decision Support System
£3 How does an education organization buy or develop a decision
support system?
£3 How are stakeholders trained to use a decision support system?

decision support system is a cohesive, integrated system of hardware and software
designed specifically to manipulate data and enable users to support problem
solving and decisionmaking by drawing useful information from disparate
sources of data. Generally, decision support systems incorporate the full spectrum of
information management practices and components—data collections; hardware, net-
works, and operating systems; underlying data sources; extract, transform, and load
(ETL) processes; a data warehouse or data aggregator; analysis and reporting tools; and
a user dashboard.

Implementing a decision support system is a proactive way to use data to manage,
operate, and evaluate education institutions. Depending on the availability and quality
of the underlying data, such a system can be used to address a wide range of issues,
including academic questions about the classroom, operational questions beyond the
boundaries of the classroom, and policy questions at the state level.
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Purchasing or developing a decision support system is a major undertaking.
Education organizations interested in such a purchase or development will need to plan
and implement steps common to any major technology acquisition, including conduct-
ing a needs assessment, planning for data security, and training stakeholders.

The Forum Guide to Decision Support Systems: A Resource for Educators was written in
response to the shortage of reliable and objective information about the use of decision
support systems in education organizations. It is intended to help “educate the educa-
tors” about decision support systems.
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Appendix

REQUEST FOR PROPOSAL (RFP)

hile this document does not provide detailed information on how to write a
; R / Request for Proposal (RFP), the following types of issues may be included in
a decision support system RFP. Specific requirements will, of course, vary
based on each organization’s unique needs and circumstances.

Scope of Work

One of the most important steps of good RFP preparation is careful and complete
planning. If the organization has staff with expertise in decision support systems, these
individuals might be able to identify and detail many of the design features likely to be
important to potential users. Planners may even wish to generate a formal technical and
functional specification document (see part III) to inform the RFP. They might also
consider having representatives look at systems in peer organizations to learn about
potential pitfalls as well as features and processes that have been particularly useful. If
this is impractical, or if no staff members are qualified to do this research, hiring techni-
cal professionals might be advisable to help define the district’s needs and write the
RFP.!

Whether the organization is purchasing an off-the-shelf product or soliciting a cus-
tom-built decision support system, the RFP should address the following scope of work
issues.

Components of Decision Support System Technology

The RFP should address the planning, development, testing, and verification of at least
five major technology components.

1. An extract, transform, and load (ETL) mechanism. This may simply be software
code that permits data from multiple formats to be brought into the data ware-
house through a manual or automated process; or it may involve integration
servers that allow one part of the system to communicate with another and
extract information through transparent processes.

2. A data warehouse. This repository should allow data from multiple sources to be
housed for manipulation and analysis after ETL; or it may be a data aggregation
tool that directly accesses existing, interoperable databases.

3. An analysis tool. An application that can aggregate and disaggregate data, per-
form statistical analysis or other procedures, and transform raw data into useful
information.

ELEMENTS OF A DECISION SUPPORT SYSTEM

Appendix: ELEMENTS OF A DECISION SUPPORT SYSTEM REQUEST FOR PROPOSAL (REP)

21



4. A reporting tool. An application that can translate analytical results into graphic,
tabular, or other formats that permit users to more easily read or comprehend
results and communicate them clearly to policymakers, parents, community mem-
bers, educators, and others who may have a need to know or an interest in the
result.

5. A user dashboard. An interface customized to meet the information needs of key
user groups such as teachers, principals, administrative staff, policymakers, and
parents.

Depending on vendor capabilities, multiple RFPs to multiple vendors may need to
be combined to ensure optimum system performance. However, the end product must
be a single, fully integrated decision support system. Information needs, staff technical
expertise, current data architecture, cost, and other factors unique to the organization
will dictate optimal configuration.

System Needs

£3 Performance features. What, specifically, must the decision support system
do for each user group? All necessary features should be specified in the RFP,
including in-and-out data transfer, statistical or other analysis capabilities, report
formatting, and automated tasks.

£3 Scalability. How much computing power does the organization’s present technol-
ogy system use, and what is the anticipated growth for its expected life?

£3 Interoperability. What other data systems, hardware, and software will be part of
the decision support system? Must data transfer be automatic and seamless, or
are manual export and import acceptable for data exchange?

£3 Networking. Must the data management system operate on the Internet, on an
intranet, or through another closed networking system?

£3 Ongoing support. What level of support is available, and at what cost? What are
the hours of operation for these services, and how quickly will the vendor
respond to system problems?

Legal Issues

£3 Project completion. How is the organization protected if the system developer
fails to adequately complete contractual obligations? What happens if the devel-
oper goes out of business?

£3 Ownership of code. Does the organization have the right to modify components
and share source code with other entities, as needed, inside or outside of the
organization?

£3 Copyright protection. What is the organization’s legal protection if the vendor
violates copyright or patent laws?

£3 Mediation of disputes. What are the rules to settle any disputes that may arise
during development/installation or after system implementation?

Deliverables and Cost

£3 Cost basis. Will the proposal involve a fixed cost for the entire scope of the
project or a negotiated price that may be adjusted during development?

£3 Schedule for deliverables and progress payments. What is a reasonable schedule
for developing a customized system, or for modifying and installing an off-the-
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shelf system? Are deliverables and deliverable dates clearly and reasonably identi-
fied? What documentation will be required to trigger incremental payments for
services rendered? On what schedule? In what increments?

£3 Timelines and liquidated damages. What guarantees can the vendor provide that
the system will be ready to run by the required date? Should the organization
consider imposing a financial penalty if the vendor fails to meet the promised
schedule?

£3 Total cost of ownership. How might licensing and leasing agreements (rather
than purchased components) affect the total cost of ownership? Can pricing be
locked in for a reasonable period of time (e.g., three years)?

£3 Documentation. What documentation (proof of ownership, instructions for use,
warrantees and guarantees, etc.) does the organization require? Will source codes
and data dictionaries be included in these documentation requirements?

Professional Development

£3 Initial training. Who is responsible for training staff and non-staff users? Does
the professional development include all types of users, from the superintendent
and school board members to parents and community members? Will the mod-
ules use actual data from the organization for training or predefined, generic data
to simulate use?

£3 Ongoing training. What provisions are in place for ongoing training? How will
new users and staff members be trained? Will vendors offer additional training
after system upgrades?

Note

I For more information about developing a technical RFP, see Weaving a Secure Web
Around Education: A Guide to Technology Standards and Security (NCES 2003-381).
National Forum on Education Statistics. (2003). U.S. Department of Education.
Washington, DC: National Center for Education Statistics. Available online at
bttp://nces.ed.gov/pubs2003/secureweb/ch_5.asp.

Appendix: ELEMENTS OF A DECISION SUPPORT SYSTEM REQUEST FOR PROPOSAL (REP)
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