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Abstract 
Understanding technological change is important for practitioners and ocademics 
who want a realistic perspective on infonnation technology's role in building 
Decision Support Systems (DSS). To develop this perspective, the DSS 
technology outlined by Sprague and Carlson (1982) is compared and contrasted with 
the technological context of cmrent DSS. Their technology framework of dialogue, 
database, models, and DSS architectme is reviewed. Cmrent technologies like 
Graphical User Interfaces (GUI), data warehouses, On-line Analytical Processing 
(OLAP), and client-server technologies are then discussed in tenns of that 
framework. Several examples are used to illustrate the changing technological 
context of DSS. 
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1 INTRODUCTION 

Spurred by innovations in the design and manufacturing of semiconductor chips, 
billions of dollars of investments in technology research, rapid consumer acceptance 
and huge market potential, infonnation technologies have evolved rapidly in the 
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past 15 years. This rapid evolution, especially in tenns of perfonnance 
improvement in IS/IT hardware, software, and networking, is enabling the 
development of increasingly sophisticated Enterprise-wide Decision Support 
Systems. Enterprise-wide DSS are now a reality and are supporting large groups of 
managers in networked client-server environments with specialised data warehouses 
as part of the DSS architecture. 

The purpose of this review is to help put this technological change in 
perspective. The change in IS/IT has been rapid, but it has also been agonisingly 
slow, given some of the expectations that were created in the early 1980s for 
Decision Support Systems. Both academics and practitioners need to take an 
occasional 'timeout' to reflect on where we have been and where we may be lraJed 
in tenns of infonnation technology. In general, improved infonnation technology 
is the great enabler for creating sophisticated enterprise-wide Decision Support 
Systems. Enterprise-wide DSS can now be implemented in very large, 
geographically dispersed, companies and in smaller companies at a single location. 
We now have infonnation technology that can be used to provide timely data arxl 
analyses to support managerial decision making. Overall, the technology for 
building DSS has improved since 1982 but, to gain a b'ooder perspective, let us 
compare the state-of-the-art then and now and look at the changing technological 
context of DSS. 

This review compares and contrasts the technological context outlined by 
Sprague and Carlson (1982) with the Graphical User Interfaces (GUI), data 
warehouses, On-line Analytical Processing (OLAP), and client-server technologies 
of current Decision Support Systems (DSS). Section 2 provides a brief summary of 
DSS technologies discussed by Sprague and Carlson (1982). Their technology 
framework of dialogue, database, models, and DSS architecture is used to organise 
this review. Section 3 discusses current DSS technologies. Examples of DSS use 
by companies are summarised in section 4. Conclusions about the changing 
technological context of DSS and its implications are discussed in the fmal section. 

2 DSS TECHNOLOGY RETROSPECTIVE 

In 1982 Ralph Sprague and Eric Carlson completed a classic book titled Building 
Effective Decision Support Systems. Their focus was on the state-of-the-art for 
Decision Support Systems. Their book provides a good starting point for 
examining the changing technological context of Decision Support Systems, 
especially enterprise-wide DSS. This section summarises the DSS technology that 
was documented by Sprague and Carlson. We have organised the discussion using a 
modified version of Figure 2-3 in Sprague and Carlson (1982). The components of 
the DSS technology framework include the dialogue management, data base 
management, model base management, and DSS architecture. Each of these 
components is reviewed in the following sections. 
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Dialogue management 
The dialogue component refm to the hardware and software that create the user
interface f<X' the DSS. Sprague and Carlson discussed five different types of dialogue 
styles. Their primary focus was on command language and menu dialogues that 
create a restrictive context f<X' building DSS. They also discussed form-based arxl 
question-answer dialogue styles. In 1982, dialogues were text-oriented and the 
dialogue style that was popular for DSS that utilised CRT terminals was the menu 
dialogue (c.f., Sprague and Carlson, p. 200). Hanlware support for dialogues 
emphasised keyboard and, in some cases, light-pen input. 

Software support f<X' dialogues was discussed in terms of subroutine packages 
that were accessed via calls from high level programming languages like 
FORTRAN and COBOL; high-level constructs for user-interface development in 
programming languages; data defmition languages that describe dialogue 
components; and the dialogue component of a DSS generator. The need to improve 
the support for programming the user-interface was emphasised. 

Although the dialogue component of a DSS generata was also identified as a 
viable way of creating DSS dialogues, the generata's were very limited in their 
capabilities. The hardware and software f<X' creating dialogues with forms and menus 
was expensive. Adding colour to forms or light-pen input iocmtsed the cost 
dramatically. Reducing hardware or development costs was often the predominant 
consideration in making trade4f decisions about alternative dialogue styles {p. 
205). 

Database management 
Database management is a key component of DSS. In 1982, DBMS wae 
imp<X'tant because they could reduce the costs of building and using DSS, increase 
data control and sharing, and reduce data redundancy. Sprague and Carlson discussed 
five different data models f<X' the data base component of a DSS: record, relational, 
hierarchical, netw<rt. and the rule model. The record or flat ftle model was common 
in DSS that used time series data. They noted that databases of many megabytes 
and, even, a gigabyte were common. 

A relational DBMS, System R, was used to illustrate the desired capabilities in 
a DBMS for a DSS. Overall the focus was on sbUctured data that could be 
organised in the form of fields and recooJs. Data extraction in creating DSS 
databases was emphasised DSS databases were limited in scope and defmitely not 
integrated because of problems with data processing efficiency and storage ove.rtra! 
that degraded the performance. 

Model base management 
The modelling component gives decision-makers the ability to analyse the problem 
and moves a MIS to a full DSS {p. 257). In chapter 9, three types of computer 
storage and repesentation of models were discussed: models as subroutines, models 
as statements, and models as data. Common development languages wae 
FORTRAN and APL. VisiCalc was the only sp-eadsheet package available for 
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building stand alone custom DSS applications and many firms used time-sharing 
services for building models like Executive Information Systems (EIS) from 
Boeing Computer Services, IFPS from Execucom Systems, and EXPRESS from 
TYMSHARE. 

Sprague and Carlson noted 'although there are no 'full-service' DSS generators 
as we visualise them here, evolutionary growth toward DSS generators has come 
from special-pwpose languages ... (p. 11).' Subroutines were the common means of 
implementing models. The links between models, databases, and dialogue 
components were poorly developed in DSS generators. 

DSS architecture 
DSS architecture refers to the mechanism and structure for the integration of the 
dialogue, data base and model management components of a DSS. They discussed 
four architectures for building an integrated DSS software system: the DSS 
Network, the DSS Bridge, the DSS Sandwich, and the DSS Tower. The DSS 
Network is an architecture with multiple dialogue, modelling, and database 
components that can communicate with each other through a component interface. 
The DSS Bridge provides a standard interface with local dialogue and modelling 
components that link to remote modelling and database components. The DSS 
Sandwich architecture integrated multiple modelling components by using single 
dialogue and database components. In a DSS Tower architecture, data extraction is 
used to integrate diverse database components and the other components are similar 
to the Netwotk architecture. 

Major concerns with the DSS Network and Sandwich architectures were 
multiple dialogue components and ptrlonnance problems. The tools and ha"dware 
that were available in 1982 created huge obstacles in integrating systems and in 
providing distributed DSS support with acceptable levels of performance. 

Sprague and Carlson (1982) Case Examples 
The major example of a DSS discussed was the Geodata Analysis and Display 
System (GADS). The primary technology tools used to build the DSS included: a 
display management subroutine package that isolated the rest of the GADS software 
from changes in the display output and input hardware, the FORTRAN program 
language which was used to write the dialogue, modelling, and most of the data 
base functions, the PL/1 programming language which was used to write the 
programs for extracting data from source files to form a GADS database, a 
laboratory-enhanced, raster-scan colour graphics display device with full keyboard, 
function keys and a light-pen (seep. 47). 

Another example mentioned was a large paper company that developed an 
interactive CRT-based system for capacity planning and production scheduling (p. 
5). Also, Northwest Industries modified and interlaced a data query language and a 
modelling language to create an Executive Data Base System (p. 5). 

Finally, Pacific Diversified Industries, Inc. (POI) used a fmancial planning 
language for evaluating alternative plans; statistical and fmancial analysis packages 
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to assist in preparing capital expenditure authorisations. They installed IFPS on an 
HP3000 and made it available to all divisions through telecommunications lines. 
Also, at POI, 'in less than a week, the DSS builder implemented a system with an 
APPLE II and VISI-CALC' that gave the marketing manager a way to quote prices 
to customers as orders were received (see pages 83-84). 

3. CURRENT DSS TECHNOLOGY 

Information technology and the tools for building DSS have evolved rapidly since 
1982. Sprague and Carlson emphasised the need for improved DSS generators, that 
is, computer software packages that provide tools and capabilities that help a 
developer quickly and easily build a specific DSS. Many such packages now exist. 
The DSS Companies page at URL http://dss.cba.uni.edu/DJP/Companies.htm lists 
more than 50 companies that market DSS products and many of them can be 
classified as DSS generators. For example, Express (Oracle Corp.), Holos (Holistic 
Systems Inc., a subsidiary of Seagate Software-Information Management Group), 
Essbase (Arbor Software Corp.), and Pilot (Pilot Software Inc., a Cognizant Corp. 
company) have multidimensional database (MOD) oriented DSS products. 
MicroStrategy Inc. and Information Advantage Inc. market relational OLAP 
(ROLAP) and web-OOsed DSS development tools. SAS Institute markets software 
to create data warehouses, data analysis software, MOLAP databases and graphical 
front-ends for DSS. Microsoft Office 97, especially Excel, is a popular DSS 
generator for small-scale, standalone DSS. 

Managed query tools such as Business Objects (Business Objects Inc.) am 
Esperant (Software AG of North America Inc.) are very popular. Query tools now 
offerdesktopOLAPcapabilities. 

The newest DSS development technology is 'push' broadcasting. Some industry 
analysts estimate that push technology will account for $6 billion per year by 
2000, or almost one-third of the entire Web marlcet. According to Raden (1997), 
'Decision-support applications are particularly well suited for this approach, with 
the ability to integrate OLAP applets, discussion groups, customisable agents, alert 
reporting, and, fmally, a way to integrate operational and analytical workflows in a 
single network view.' 

In this section, the current technological capabilities for building DSS ae 
briefly reviewed using the Sprague and Carlson (1982) categories. These 
technologies will continue to change and evolve rapidly. This section is a snapshot 
and an overview of where technology is in 1997. 

Dialogue management 
Currently we have low cost high-resolution monitors, a wide variety of input 
devices, various tools for creating graphical user interfaces (GUI) including 
integrated spreadsheet packages, visual programming languages, hypertext made-up 
language editors and DSS generator packages. Hypertext is a major development in 
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user interfaces since 1982. In a DSS with hypertext, users can 'jump from a given 
topic, whenever he or she wishes, to related topics' . Contemporary DSS have 
moved away from the command line and menu orientation described by Sprague a00 
Carlson. Most DSS now have sophisticated graphical user interfaces. Web-based 
technology is also becoming popular because little or no client software is required, 
thus reducing software management and distribution costs. 

Figure 1 DSS Graphical User Interface 

A web-based interface is illustrated in Figure 1. It shows a graphical user interface 
for a Decision Support System that is based on InterNetivity, Inc:s Java applet 
product called dbProbe 2.0. The actual dbProbe product uses color in graphs a00 
charts and has additional buttons and icons. Written in Java, dbProbe is a cross
platform, axporate-wide tool f<r sales analysis, statistical analysis, financial 
analysis, inventory analysis, or other applications, such as a dala warehouse, that 
require multidimensional data analysis. Because it uses a 'Thin-Server architecture', 
dbProbe can be run simultaneously on thousands of clients with no increase in lood 
on the database or web server. Therefore, many managers could, concurrently, use a 
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dbProbe decision support tool. The dbProbe Solutions Gallery is at 
http://www .intemetivity .com/index.html. 

Database management 
With the increase in processing power available and the decreasing price of disk 
storage, it is now easier to store greatf1' volumes of information than before. 
Objected-oriented and multidimensional database technologies are now used in DSS. 
The dominant DBMS f<r DSS is the relational model. lntemet/lntranet 
technologies are making it possible to combine data from hitherto incompatible 
database management systems. These same technologies are allowing us to manage 
unstructured data, that is, the primary form in which external data is available. 

Structtr"ed Data System ... ... Unstructured Data System 
(Relatiroal &:. Oqect-Orimted) (Hypertext) 

Legacy Data 

Figure l Current Database Management Alternatives 

A data warehouse is a major component in contemporary enterprise-wide DSS. 
Data warehouses are batch updated and structured for rapid online queries Rl 
managerial summaries. They contain large amounts of data and are subject-oriented, 
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integrated, time-variant, non-volatile collections of data in support of management's 
decision making process (Inmon, 1995). 

DSS databases are becoming very large, in some cases 3-4 terabytes. Rudin 
(1996) notes that •To build a scaleable data warehouse, corporations are rapidly 
turning to scaleable/parallel hardware and dalabase platforms as the new foundation 
of choice.' Scaleable hardware platforms fall into three categories: symmetrical 
multiprocessors (SMPs), clusters, and massively parallel processors (MPPs). 
Scaleable database software is the second major component of a scaleable dala 
warehouse. The database must be able to use the multiple processors and multiple 
nodes within a scaleable system. Currently, there are many parallel databases. All 
of the major vendors, including Oracle, lnformix, IBM, Sybase, Teradata, and 
Tandem, have been developing and are selling versions of their databases that can 
use scaleable hardware platforms. 

In most companies with leading edge DSS, as the number of managers and 
other knowledge worlcers using DSS and data warehouses/data marts grows and the 
amount of data available increases, data storage and retrieval performance problems 
have become a major concern. Figure 2 summarises database management options 
used in DSS. Hybrid DSS systems with structured and unstructured data are 
becoming more common. 

Model base management 
The evolution of built-in functions for modelling in DSS generators arxl 
spreadsheet packages like Excel has changed the modelling capabilities of DSS. 
There has been a broadening of capabilities of packages like SAS to support more 
powerful data management and data warehousing. SAS has become more of a full 
function DSS generator. We also have more powerful programming development 
environments like C++, Java, and Java Script 

On-line Analytical Processing (OLAP) is a significant improvement in model 
base management. OLAP is software for manipulating data from a variety of 
sources that has been stored in a static data warehouse. The software can create 
various views and representations of the data and this helps in making context 
explicit. 

A new analysis and modelling tool for DSS is data mining. Data mining is a 
set of techniques used in an automated approach to explore exhaustively and bring 
to the surface complex relationships in very large datasets (Moxson, 1996). 

Tyo (1995; 1996) reviews contemporary simulation modelling and OLAP tools. 
His review of four simulation tools indicates that visual simulation support is both 
affocdable and powerful. For example, he notes that !think (High Paformance 
Systems) •lets the modeller ldl slider bars and other user-input controls, and put 
graphs and pictures directly on the model so users can control the modelling and see 
the output as the model runs'. The OLAP tools are also favourably reviewed. He 
reviews three desktop OLAP tools for creating briefing books and he reviews an 
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Executive lnfonnation System (EIS) development tool from the SAS Institute that 
integrates OLAP. 

Figure 3 categorises a number of examples of model base management tools and 
the types of Client/Server architectures they can support. 

Client/Server DSS Scripting Programming 
Architecture Generators Tools Languages 

StandAlone Excel Visual Basic High Level 
SAS (C++) 

Thick Client Excei/ODBC Visual Basic High Level 
SAS /ODBC (C++)/ 

ODBC 

Thin Client Web Sheet JavaScript Java/ 
WebOLAP JScript JDBC 

VB Script ActiveX 

Figure 3 Examples of Current Model Base Management Tools 

DSS architecture 
The dominant DSS architecture for enterprise-wide applications is client/server. It is 
a network-architecture in which computers on a networlc act as a server managing 
ftles and networlc services or as a client where users run applications and access 
servers. Clients rely on servers for resources like web pages, data, files, printing 
andOLAP. 

The Internet is a major technological component of many enterprise-wide DSS. 
The Internet refers specifically to the DARPA Internet and the TCP/IP protocols it 
uses. The Internet is a collection of packet-switching networlcs and routers that uses 
the TCP/IP protocol suit and functions as a single, co-operative virtual network: a 
global web connecting more than one million computers. 

Intranets are also an important component in DSS. Intranets are internal 
organisational networlcs using TCP/IP with at least one web server that is only 
accessible by an organisation's members or others who have specific authorisation. 
A firewall and password protection limits access to the network. The Intranet is 
used to share corporate information, including DSS capabilities. 

Figure 4 summarises current DSS architectures. The standalone architecture is 
still used for some types of DSS, especially in small fmns and for special purpose 
DSS that use simulation or multi-criteria models. The distributed dialogue 
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architecture that uses a web browser is gaining in popularity for enterprise-wide 
DSS. Multi-server systems, a separate dala warehouse and a separate OLAP server 
are common. Java applet dialogues with distributed models and dala are becoming 
feasible. The evaluation of the costs to develop and manage such complex, hybrid 
architectures is still uncertain. 

Distributed Remote Distributed Distributed Remote Stand 
Dialogueue Dialogueue Model Data Data Alone 

~ m ~ stem ~ stem 

~ tern ~ stem ~ stem 

CLIENT 

Figure 4 Current DSS Architectures 

4 CURRENT EXAMPLES OF DSS 

As noted in the previous section, Sprague and Carlson discussed a number of case 
studies. GADS has evolved into sophisticated Geographic Information Systems 
(GIS) development environments. While Pacific Diversified Industries (POI) type 
systems have evolved into dala warehouse and OLAP based enterprise-wide DSS. 
There are many sources of DSS cases available on the world-wide web. For 
example, the Data Warehousing Institute has 14 case studies p:epared by 'users' of 
a specific DSS on-line at their web site. 
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A number of DSS software companies provide case studies of successful DSS 
implementations at their websites. MicroSttategy case studies include Xerox -
Inventory/Manufacturing; Mervyn's- Retail; Siemens- Healthcare; Detroit Edison
Utility; Rhone-Poulenc Rorer - Phannaceutical; US Air Force - Government/ 
Military; FourGen - Financial Services. Also Comshare has more than 40 short 
case studies, Tandem has 10 customer references on-line, and Information 
Advantage has Land O'Lakes, MasteiCard International and Sara Lee Meat Group 
case studies on-line. The following case summaries provide a brief glimpse of the 
DSS case study material available on the web. Some of the case study material on 
the web is very detailed, including quotations from managers in companies that 
installed the DSS, and other cases are very brief. The following case summaries 
show the wide variety of DSS application technologies that are available. 

First National Bank of Southern Africa 
According to Alain Jaques (1997), First National Bank of Southern Africa 
implemented Essbase with Decision in 1995. As he stated, 'we have been very 
pleased with the results. We run Essbase and Decision on a dual processor Pentium 
Pro running NT with 128 Meg of RAM. We are constantly enhancing the system 
and are currently busy evaluating Decision Web on our lnttanet and me 
implementing the Essbase Currency Module. We use Essbase mainly for our 
Management Accounts, which includes budgeting, forecasting and the monthly 
reporting. Decision is used as the EIS/DSS system for analysis and reporting, here 
we have had great success with the few who are prepared to take the time to use the 
system. In time we will discontinue providing paper copies to force the other users 
into the 90's.' 

Mervyn's 
Mervyn's is a leading clothing retailer with over 280 stores in the southern am 
western United States. According to a case study (cf., Little and Pecoraro, 1998) at 
the Data Warehousing Institute web site, 'Mervyn's needed quick access to 300-700 
gigabytes of data. Performing sophisticated analyses within a reasonable timeframe 
on a data set of this size was beyond the scope of most existing decision support 
technologies. The successful solution required query perlormance optimisation am 
various parallel software schemes new to decision support ... There was also a ooed 
to standardise business analyses for more meaningful comparison.' 

The Decision Maker's Workbench, (DMW), developed jointly by Mervyn's am 
MicroSttategy, has been widely distributed throughout the organisation, enhancing 
the decision-making capacity of end-users at all levels. ... 'With DSS Agent, the 
DMW application incorporates features such as Data Surfing, Drill-Down, 
Intelligent Agents, and Alerts. Mervyn's applications include maps that display 
geography-based exception reporting and executive views that summarise business 
trends and exceptions in a newspaper-like interface. The DMW includes forecasting 
capabilities, enabling end-users to develop 'what-if' scenarios by performing ad-hoc 
analysis on query results.' 
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Societe Generale USA 
According to a MicroStrategy case study, 'In common with most large financial 
organisations, Societe Generale was potential constrained by its legacy IT 
environment consisting of around 20 incompatible systems linked through resource 
intensive interfaces. The growing maturity of the client server environment, 
combined with the introduction of web technology, the availability of open 
architectures, scaleable and highly performance systems, created an opportunity for 
the bank to undertake a strategic review of its information delivery infrastructure.' 

Societe Generale chose a multi-tier architecture that enabled the support of both 
client server and web computing. 'Architectural design and the choice of query am 
reporting tool are critical issues to determine if you are going to provide an going 
business support and assess future costs associated with expanding the decision 
support solution,' he explains. 'We chose MicroStrategy as the supplier of a multi
tiered ROLAP (Relational Online Analytical Programming) solution which for us 
JIOvided the level of flexibility and power which we need to develop a structure 
which can evolve in the future.' In addition, MicroStrategy enabled Societe 
Generale to provide support for executive and power users, running on either PCs 
or Unix wotkstations and providing a web browser interface. For more information 
about Societe Generate, visit http://www.socgen.com/.' 

5. DSS TECHNOLOGY CONCLUSIONS 

The technological context of DSS is continuing to change. In particular, the 
growth of the World-Wide Web has created enormous opportunities for making 
more organisational information available to decision-makers. Client-server 
architecture and networks permit IS professionals to centralise and control 
information and yet easily distribute it in a timely manner to managers who need it. 
The so-called 'Intranet' is providing many opportunities for delivering information 
from data warehouses and external databases to the desktop in a format that permits 
and encowages drill-down, analysis, and graphical displays. These new 
technological capabilities may help developers to incorporate contextual factors into 
a DSS design. 

DSS Technology has also improved in its capability to provide multi-media 
corporate information to decision-makers. Also, dala storage, query, retrieval ani 
simple analytical capabilities have become easier to use and more powerful. Despite 
these positive changes, a major problem is that some practitioners in data 
warehousing and OLAP have forgotten that a DSS can and should do more than 
provide access to very large databases, summarise data, provide results quickly, ani 
facilitate 'drill-down' and iterative analysis. Sprague and Carlson (1982) noted that 
this narrow reporting view 'reflects the accounting-oriented, structured reporting, 
information flow emphasis of much of MIS work (p. 258).' The problem is not 
however, just an accounting orientation; the information technologies to support 
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modelling and model management have not improved as much in the past 15 years 
as the data base technologies. The modelling tools are more visual and the user 
interfaces are more powerful, but the management and integration of models into 
enterprise-wide DSS is still difficult. Most contemporary DSS genemtors still 
provide limited modelling support. 

Another problem that still confronts DSS builders is the emphasis on hardware 
and software mther than on decision-makers and decision processes. Peter Keen 
(1997) notes that, a number of years ago, the system not decision and support, 
became the focus in building DSS. He is concerned that 'The data warehousing and 
knowledge management fields are rediscovering too little and too late what the early 
DSS field knew: It's information-use, not information-supply that we need to 
address and encourage.' Keen's observation is important for all DSS builders to 
consider. Improved DSS technologies should be a means to creating a more 
powerful context for decision maker-DSS interaction and co-opemtion mther than an 
end in and of itself. 

To pamphmse Keen (1997), DSS builders need to start their analyses by 
identifying decision makers and the decisions they need to make, and not start with 
choosing a technology and readily available databases. Only with a decision-oriented 
perspective that focuses on decisions and context, mther than on technology, is it 
possible that future DSS will actually be improved as a result of the increasingly 
sophisticated technologies that are now available to DSS builders. 
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