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(4) and the task complexity is "more than 2 variables" [threshold 
0.20] 

(5) and the informat ion user functional knowledge is medium 
[ threshold O. 20] 

(6) and the information user information request is high [threshold 
0 . 20] 

(7) or the recommendation information volume is high [threshold 
0.20] 
THEN----------------------------

(1) recommendation info rmation volume is "split into subsets" 
[certainty 1 .00] 

(2 ) and raw data recommend is yes [certainty 1 .00 ] 

RULE #53 priority 20 - DDM86-7 
IF------------------------------

0.20] 

(1) 
(2) 
(3) 

the task action is recall [threshold 0.20] 
or the task action is "trend identification" [threshold 0.20] 
and the task complexity is "more tha n 2 variables" [threshold 

(4 ) and the information user information request is high [threshold 
0.20] 

(5) or the recommendation information volume is high [threshold 
0.20] 
THEN----------------------------

(1) graphical recommend is yes [certainty 0.70] 

RULE #54 priority 40 - Lau87 -1 
IF------------------------------

0.20] 

( 1) 
(2) 
(3) 

the task type is inte llective [threshold 0.20] 
or the task action is comparison [threshold 0.21] 
and the task complexity is "more than 2 variables" [threshold 

(4) and the task structure is structured [threshold 0.20] 
THEN----------------------------

(1) graphical recommend is yes [certainty 0.70] 
(2) and grouped bar chart recommend is yes [certainty 0.70] 
(3) and line-based recommend is yes [certainty 1.00] 

RULE #55 priority 40 - Lau87 -2 
IF------------- -----------------

0.20] 

0.20 ] 

(1) the task type is intellective [thres hold 0.20] 
(2) and the task action is "information extraction" [threshold 

(3) or the task action is comparison [threshold 0.21] 
(4) or the task action is "find relationships" [threshold 0.21] 
(5) and the task complexity is "more than 2 variables" [threshold 

(6) and the task structure is structured [threshold 0.20] 
THEN----------------------------

(1) graphical recommend is yes [certainty 0.70] 
(2) and p ie chart recommend is yes [certainty 0.70] 

RULE #56 priority 40 - Lau87-3 
IF------------------------------

0.20] 

( 1) 
(2) and 
(3) or 
(4) and 

the task type is intellective [thresho ld 0.20] 
the task act ion is "simple retrieval" [threshold 0.21 ] 
the task action is "find relationships" [thresho ld 0.20] 
the tas k complexity is "more than 2 variables" [ threshold 

(5) and the task structure is structured [threshold 0.20] 
THEN----------------------------

(1) tabular recommend is yes [certainty 0.70] 
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RULE #57 priori ty 60 - Reu87-1 
IF--------------- - - -------------

the task type is intel l ective [ threshol d 0.20] 
and the task action is "simple retrieval " [threshold 0.21 ) 

( 1 ) 
(2) 
(3) 
(4) 

or the task action is "find relationships " [threshold 0.21) 
and the task complexi ty i s "more than 2 vari abl es " [threshold 

0.20 ] 
(5) and the task structure is "user-defined " [threshold 0.20) 
(6) and the task environmental complexity is medium [threshold 

0.20 ] 
(7) or the task environmental complexity is high [ threshol d 0 . 22] 
(8) and t he information user functiona l knowl edge is high 

[ threshold O. 2 0 ] 
THEN ---- - - ---------------- - - ----

(1) graphical recommend is yes [certainty 0.80] 
(2) and line- based recommend is yes [certainty 0.80] 

RULE #58 priority 60 - Reu87-2 
IF--------------- --------- - - ----

0.20 ] 

( 1) 
( 2) 
(3) 
( 4) 

the task t ype is intel l ect i ve [ threshold 0.20] 
and the task action is "simple retr i eval " [threshold 0.21] 
or the task action i s " f i nd relationsh ips " [threshold 0.21 ) 
and the task complexi ty i s "more than 2 variables" [threshol d 

(5) and the task structure is "user-def ined " [thr eshold 0.20) 
(6) and t he task environmental compl exity i s low [threshold 0 . 20 ) 
(7) and the information user functional knowl edge is high 

[threshol d 0.20) 
THEN-------- - - - ------------ - - -- -

(1) tabular recommend is yes [certainty 0.80] 

RULE #59 priority 70 - DoB88-1 
I F----- ------ - - - - - -- - ------ - -- - -

0 . 20 ] 

( 1) 
(2) or 
(3) or 
(4) and 

the task type i s "probl em i dentification " [thr eshold 0.21] 
the task type i s "probl em priori tization " [threshold 0 . 21 ] 
the task action is " find re l ationships " [ threshol d 0 . 21] 
the task complexi ty is "more than 2 variabl es " [threshold 

(5) and the task stru cture i s "user-defined " [threshol d 0.20] 
(6) and the informat i on user functional knowledge i s medium 

[ threshold 0.20 ) 
THEN---- ------------------ - -- -- -

(1) tabular recommend is yes [certainty 1 .00] 
(2) and change from base case recommend i s yes [certainty 1.00] 

RULE #60 priority 60 - DoB88-2 
I F - ----- - - - -------- --------- - ---

(1) the task type is "problem identification" [threshol d 0 . 2 1 ] 
(2) a n d the task compl exi ty is "more t h an 2 var iables" [threshold 

0 . 20] 
(3) and the task structure i s "user- def ined" [threshold 0.20] 
(4) and the information user funct i ona l knowledge i s medium 

[threshold 0.20] 
THEN - --------------- - --- - - - - - ---

(1) tabul ar recommend is no [certainty 1.00] 
(2) and exception from a standard recommend is no [certainty 1.00] 

RULE #61 pri ori ty 60 - UmS88 - 1 exl 
IF - ------- - ------ - ----- - - --- - -- -

(1) the task type is intellective [ threshold 0.20] 
(2) and the task act i on is " trend ident ification" [ threshol d 0.20] 
(3) or the task action is " find re l at i onships" [threshold 0.20] 



(4) or the task action is recall [threshold 0 . 20 ) 
(5) and the task complexi ty is " 1 variable" [ threshol d 0.20 ) 
(6) and the task response time is important [ threshol d 0.20 ) 
(7) and the task structure is structured [ threshol d 0.20) 
(8) and the i nformation user funct i onal knowledge is high 

[ threshold 0 .20) 
THEN - ----------------------- - ---

(1) graphical recommend is yes [certai nty 0.80] 
(2) and s i mple bar chart recommend is yes [certainty 0 . 80 ] 
(3) and raw data recommend i s yes [certainty 0.80 ) 

RULE #62 pri ority 65 - UmS88-2 ex2 
IF - ------- --------------- - ----- -

(1 ) the task type is intellective [threshold 0.20 ) 
(2) and the task action is comparison [ threshol d 0 . 20) 
(3) or the task action is "s i mple retrieval" [threshol d 0.20) 
(4) or the task action is recall [ thr eshold 0 . 20 ) 
(5) and the task compl exity is "1 vari abl e " [ threshold 0.20 ) 
(6) and the task response time is i mportant [ threshold 0.20 ) 
(7) and the task structure is structured [ threshol d 0 . 20) 
(8) and the information user funct i onal knowledge is h i gh 

[ threshold 0 . 20) 
(9) and the information user format experience is tabul ar 

[ threshold 0.20) 
(10) or the informat i on user format experience is graphical 

[threshold 0.20) 
THEN------------- - -- - -- -- -------

(1) graphical recommend is yes [certainty 1.00 ] 
(2) and s i mpl e bar chart recommend is yes [certainty 1.00 ] 
(3) and raw data recommend is yes [certai nty 1.00 ] 
(4) and tabu l ar recommend is yes [certainty 1.00] 

RULE #63 priority 65 - UmS88 - 3 ex2 
IF - - - - -------- ------------------

(1) the task type is intel l ect i ve [ threshold 0.20 ) 
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(2) and the task action is " trend identification " [thr eshold 0 . 20) 
(3) or the task action is "find r elat i onsh ips " [threshold 0 . 20 ) 
(4) or the task action is recall [threshold 0.20 ) 
(5) and the task complexity i s " l variable" [ thr eshol d 0.20) 
(6) and the task r esponse time i s important [ threshol d 0 . 20) 
(7) and the task structure is structured [threshold 0 . 20) 
(8) and the information user funct i onal knowledge i s high 

[threshol d 0.20 ) 
(9) and the information user format experi ence i s graphical 

[threshold 0 . 20) 
(10) or the information user format experience is tabular 

[threshol d 0.20) 
THEN--- - - -- - --------- - -- - -------

(1) graphical recommend i s yes [certainty 1 .0 0 ] 
(2) and simple bar chart recommend i s yes [certainty 1 . 00 ] 
(3) and raw data recommend is yes [certainty 1 . 00] 

RULE #64 pr i ori ty 70 - GLR89-1 
IF- -- - - - --- - ------------ - -------

(1) t he task type is intellective [threshol d 0 .20) 
(2) and the task act i on is compari son [threshold 0 . 20) 
(3) and the task compl exity is " 1 variable " [ thresho l d 0.20) 
(4) and the task response t i me is important [threshold 0 .2 0] 
(5) and t h e task structu re i s stru ctured [threshold 0 . 20] 
(6) and the i nformation user funct i onal knowl edge i s high 

[ threshold 0 . 20 ) 
THEN-------- ---- - - -- -- - -------- -



(1) graphi cal recommend is yes [certainty 0. 80 ] 
(2 ) and line-based recommend is y es [certainty 0 .80] 
(3 ) and area-based recommend is yes [certainty 0 .80 ] 
(4) and raw data recommend is yes [certainty 0.80 ] 

RULE #65 priority 70 - GLR89-2 
IF ------------------------------

(1) the task type i s inte llective [ threshold 0. 2 0] 
(2) and t he task action is "simple retr ieval " [threshold 0.20] 
(3) and t he task complexity i s "l variable " [thres h o ld 0.20] 
(4) and t he task response time is important [threshold 0.20] 
(5) and the task s tructure is structured [threshold 0.20] 
( 6) a nd the information user functional knowledge is high 

[threshold 0.20] 
THEN ----- - ----------------------

(1 ) graphica l recommend is yes [certainty 0.80] 
(2) a nd point-based recommend is yes [certainty 0.80] 
(3 ) and raw data recommend i s yes [certainty 0 .80 ] 

RULE #66 priority 55 - GLR89-3 
IF------------------------------

(1 ) the task type is i ntelle ctive [threshold 0 .20] 
(2) and the task action is "simple retrieval" [ threshold 0.20] 
(3) or the task action is comparison [threshold 0.20 ] 
(4) and the task complexity i s "l variable" [ threshold 0.20] 
(5 ) and the task response time is import ant [threshold 0 . 20 ] 
(6) a nd the task stru c ture is structured [threshold 0.20 ] 
(7) and the information user functional knowl edge i s high 

[thres hold 0.20] 
THEN----------------------------

(1) g raphical r ecommend is yes [certainty 0 .7 0 ] 
(2) and area-based recommend is yes [cer tainty 0 . 70 ] 
(3) a nd t hree d chart recommend i s yes [certainty 0. 7 0 ] 

RULE #67 priority 50 - Dav85 
IF------------------ - ------ - --- -

(1) the task type i s inte llect i ve [thres hold 0.20 ] 
(2) and t he task action is "simple retrieval" [thresho ld 0.20] 
(3 ) and the task complexity is "l variable " [ thres h o l d 0.20] 

THEN----------- ----- ------------
(1) table recommend is yes [certainty 0.70 ] 

RULE #68 priority 50 - Dav85 
IF------------------------------

(1) the task type i s intellect ive [thresho ld 0.20] 
(2) and the task action is "s imple r etrieval" [threshold 0.20 ] 
(3) or the task action i s comparison [threshold 0 . 20 ] 
(4) and the task complexity i s "l variable" [threshold 0.20 ] 

THEN ---- - - ------------------ --- -
(1) grouped bar chart recommend is yes [certainty 0 . 70 ] 
(2) and l ine c hart recommend is yes [certainty 0.70 ] 

RULE #69 priority 50 - Dav85 
IF------- ------ - ------- ------ ---

(1) the task type is intellective [ threshold 0 . 20 ] 
(2) and the task action is "info rmation extraction" [ threshold 

0 . 20] 
(3) or the task action i s comparison [thres h o ld 0 . 20] 
(4) and the task complexity is "2 variables " [threshold 0.20 ] 

THEN----------------------------
(1) grouped bar chart recommend i s yes [certainty 0.70 ] 
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RULE #70 priority 50 - Dav85 
IF ------------- -----------------

0.20) 

(1) the task type is intellective [threshold 0.20) 
(2) and the task action is "information extraction" [threshold 

(3) or the task action is comparison [threshold 0.20) 
(4) or the task a c tio n is "simple retrieval" [threshold 0.20) 
(5) and the task complexity is "l variabl e " [threshold 0.20] 

THEN---------------------- ------
(1) pie chart recommend is yes [certainty 0.70) 

RULE #71 priority 50 - Dav85 
IF--------- ---------------------

0 . 20) 

(1) the task type is intellective [threshold 0.20) 
(2) and the task action is "information extraction" [threshold 

(3) or the task action is comparison [threshold 0 . 20) 
(4) or the task action is "simple retrieval" [threshold 0.20) 
(5) and the task compl exity is "1 variable " [threshold 0 .20) 

THEN-------------- --------------
(1 ) tabular recommend is yes [certainty 0.70) 

RULE #72 priority 50 - Dav85 
IF----- ------ - ------------------
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0.20 ) 

(1 ) 
(2) 
(3) 

the task type is intellective [thres hold 0 .2 0) 
or the task action is comparison [threshold 0.20 ) 
and the task complexity is "more than 2 variabl es " [threshold 

THEN-- --------------------------
(1) tabular recommend is yes [certainty 0.70) 

RULE #73 priority 50 - Dav85 
IF ------------ - -----------------

the task type is intellective [thresho ld 0.20 ) 
or the task act ion is comparison [threshold 0.20) 

0.20) 

(1) 
(2) 
(3) and the task complexity is "more than 2 variables" [threshold 

THEN---------- ------------------
(1) line chart recommend is yes [certainty 0 . 60) 

* * * R U L E S * * * of C:\MAHOGANY\INFORMEX.KB * * * 
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ABSTRACT 

The proliferation of information systems in organizations allowed companies to 

capture and store volumes of operational strategic information. Unfortunately, most 

companies lack a systematic way to convert this wealth of data into a useful 

information format for decision makers. Artificial intelligence technologies provide a 

promising vehicle for improving this information flow dilemma. 

Studies and experiments conducted by industrial engineers, management scientists, 

and industrial psychologist have addressed the presentation question. This research 

suggests that the mode of information presentation (i.e., tabular, graphical, 

summarized, detailed, etc.) should be suited to the task environment of the decision 

(i.e., planning, intellective selection, preferential selection, etc.) and the individual 

characteristics of the decision maker (i.e., analytic style, functional knowledge, 

system familiarity, etc.). 

This paper documents an expert system for improving the quality of the MIS 

output. It embodies a knowledge base of relationships among presentation mode, task 

environment, and individual characteristics of the decision maker. The system can be 

consulted by an information systems professional to improve presentation format and 

content. 



1. INTRODUCTION 

Organizations have recognized that quality information is a precursor for sound 

managerial decision making. They have addressed this need by developing elaborate 

information systems for management. For many managers, these systems produce 

either "too much" or "not enough" information [Chervany and Dickson 1974][Ackoff 

1967][Vasarhelyi 1977]. Some managers drown in voluminous output that adds little 

real value to their decision process, while other managers receive too few inputs or are 

given information in an inappropriate form which they cannot use. 

Researchers have attempted to resolve this dilemma by investigating how informa­

tion should be presented. Specifically, they have sought to identify the appropriate 

information presentation format and content for managerial decision makers. Much 

research by MIS professionals, management scientists, industrial engineers, and social 

scientists has tried to determine if more effective and efficient decisions are made 

when the task, presentation format, and individual characteristics are in concert. 

Others have reviewed the empirical investigation of the presentation question: 

Dickson, Senn, and Chervany [Dickson et al. 1977], Zmud [Zmud 1979], DeSancitis 

[Desanctis 1984], and Jarvenpaa, Dickson, and DeSanctis [Jarvenpaa et al. 1985]. The 

objective of these reviews has often been to identify conceptual or methodological 

problems in the research or to support a particular directive for future work. While 

these reviews have been helpful in condensing a broad body of research, unfortunately 

they have not compiled the specific research findings in a form useful to those charged 

with driving a company's information system. The objective of this project is to 

develop an expert system to recommend information presentation format and content 

based on the results of empirical research. 

1.1 Knowledge-Based Systems 

Artificial intelligence (AI) differs from conventional computer programming 

methodologies in its ability to represent and solve problems symbolically, rather than 

numerically. Rule-based systems are a subfield of AI that attempts to represent 

knowledge and human expertise in rules or IF-THEN statements. While such rule­

based systems are commonly known as expert systems, a distinction can be made 

between true expert systems and knowledge-based systems. Knowledge-based systems 

represent academic knowledge about a problem and contain limited heuristic abilities, 



while true expert systems incorporate extensive human expertise and intuition along 

with the academic knowledge [Rauch 1988]. Rule-based systems have been heralded 

for their ability to "preserve and disseminate scarce expertise" [Luconi et a.I. 1986]. 

Many companies including Digital Equipment Corporation [Barker 1989] and Tek­

tronix [Sayles and Thomas 1988] have documented successful uses of rule-based 

systems in this capacity. 

1.2 Artificial Intelligence Applications in MIS 

The popular and academic literature continues to document the increasingly broad 

application of knowledge-based and expert systems to many business problems. 

Unfortunately, few MIS departments, though often saddled with a multiple year 

application development/maintenance backlog, have mimicked this success in applying 

artificial intelligence to solve their own problems. In the relatively few documented 

cases of AI for MIS, little has been done to enhance the quality of the MIS output. 

Usually, increasing the MIS department's productivity has been the primary objective. 

The traditional software development cycle has been indicted as a key factor in the 

MIS application development backlog [Samson 1987]. Recent projects have sought to 

use knowledge-based systems to aid in rapid prototyping of applications and to 

actually generate program code. In an overview of commercial applications for 

software development, Rauch-Hindin [Rauch 1988] recommends the use of AI in MIS 

development when the problem is logically complex, will require frequent application 

maintenance, or when applications must be custom tailored for multiple users or 

departments. 

While these applications are making the MIS department more productive in 

application development and processing, AI has not yet been applied to improve the 

quality and usability of the MIS output. INFORMEX (INFORMation EXpert) is a 

knowledge-based system for the MIS department. It addresses the logically complex 

problem of presentation format and content selection and will be the knowledge 

vehicle for the body of research findings in this field. INFORMEX will be consulted 

by systems analysts and others who prepare the outputs from an information system. 

Knowledge-based expert system technology has been successfully applied to a 

somewhat parallel problem in marketing. Rangaswamy, et al. [Rangaswamy et al. 

1989] used a body of research literature and professional judgments to construct 



NEGOTEX, an international negotiations expert system. The system asks questions 

about the proposed negotiations, such as the nationalities of the negotiators, relative 

decision power, and desired outcomes, and makes recommendations about meeting 

location, negotiation strategy, and pre-meeting communication. The system has over 

350 rules and has limited its focus to rules for American, Japanese, and Chinese 

negotiators. 

The concept of using artificial intelligence technologies to recommend presentation 

format and content is a suitable domain for knowledge systems. The problem is 

semistructured with distinctly identifiable factors (individual, task, and presentation) 

that can be checked against known research findings (knowledge) to derive a 

recommendation. INFORMEX will serve as the dissemination vehicle for the body of 

knowledge that relates these factors . It enquires about the target information system 

OUTPUT (i.e., report or screen display), the individual DECISION MAKER 

CHARACTERISTICS (target user), and the type of TASK. Through the use of 

heuristic reasoning, INFORMEX compares these inputs to its knowledge base of 

research findings and heuristic "rules of thumb" to recommend a presentation format 

and information content. A sample INFORMEX recommendation might suggest 

vertically grouped bar charts, statistically summarized, and presented as a deviation 

from a standard value. 

A second objective, a by-product of this effort, is to unify the results of what has 

been learned from previous experiments and to identify the gaps in our knowledge 

about information presentation. 

2. DEVELOPMENT OF THE KNOWLEDGE BASE 

The knowledge base represents the rules that the system will use to make its 

judgments, and the construction of an accurate knowledge base is the founding task of 

building an expert system [Edosomwan 1987]. Usually rules for expert systems 

derived from systematic interviews with multiple "experts" in the field. In a relatively 

young research field, this luxury is not available nor can an all-knowing expert be 

interviewed. Therefore, documented experiments in academic journals served as the 

primary domain expert. Twenty-nine studies, some including multiple experiments, 

were identified based on their inclusion in one of the major literature review papers 

[Dickson et al. 1977][Zmud79][Huber 1983][DeSanctis 1984], recent publication, or 



unique contribution to the field. Some of these experiments have been criticized for 

possible methodological flaws [Jarvenpaa 1985] as well as inconclusive evidence 

[Huber 1983]. However, INFORMEX is not overly concerned with methodological 

problems, but rather with the delivery and application of what has been learned from 

this research. 

The second source of knowledge can be professional judgments of information 

systems professionals and MIS faculty. The rules from these sources will receive a 

lower certainty rating in the knowledge base. The present version of INFORMEX 

does not include such judgments. 

Figure 1 depicts the conceptual model for INFORMEX and shows how three 

research areas will be integrated to improve presentation format and content. The 

figure also lists the individual, task, and format variables that are incorporated in 

INFORMEX. 

Each of the reviewed empirical studies was summarized in a short text document. 

They were categorized by the types of variables (task, individual, format and content) 

that were operationalized in the study and the findings of the study. These summaries 

provide the body of the explanation facility for INFORMEX's conclusions. 

Because of the great diversity of terminology and research designs used in the 

literature, extracting consistent rules from the studies proved to be a formidable task. 

Consistency in terminology had to be developed between the studies' variables and 

findings. After several unsuccessful attempts at extracting rules, a rule worksheet was 

developed to help standardize the terminology. 

The worksheet was developed by listing all of the types of variables and attribute 

values that had been included in any study. This list was refined to include the more 

frequently used variables and attribute values. A sample worksheet is shown in 

Figure 2. Each study was reviewed again and the appropriate attribute variables were 

circled on the worksheet to form a rule. For example, a study might include an 

intellective task requiring a decision maker to consider two variables and compare 

several alternatives. Each of these would be circled on the rule worksheet along with 

the experimental findings. If the study reported that high analytics performed better 

with tabular raw data, these results would be circled in the recommendation section of 

the rule worksheet. A second rule with the same independent variables (intellective, 2 
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variables, etc.) would be recorded if the study also concluded that low analytics 

performed better with statistically transformed graphs. A separate worksheet was 

completed for each rule. 

Since expert systems also allow rules to be prioritized and weighted for certainty, 

each rule was ranked based on the following criteria. Higher priorities were assigned 

to rules with more methodological richness, which we defined as the explicit inclusion 

of more categories of variables. The finding from a study that investigated a planning 

task type, specified comparison and recall task actions, and qualified the users by 

cognitive complexity and level of functional knowledge would receive a higher 

priority than a finding where only the task was identified and no individual measures 

were used. These priorities were scored from 1 to 10 based on the weights noted in 

parenthesis in Figure 2. The certainty of a rule's conclusion is based on the statistical 

significance of the experimental results. Findings that were significant at the .01 level 

received a certainty rating of 1. Those significant at .05 received a .7 rating and the 

finding that only supported directionalities received a .5. Non-empirical judgments of 

MIS faculty and professionals received a .4. 

When the description of the experimental environment or the results in the paper 

were difficult to interpret, more than one person independently reviewed the study and 

independently completed rule worksheets. The authors then discussed these 

worksheets and combined them into a production rule. 

3. FUNCTIONAL DESCRIPTION OF INFORMEX 

3.1 Scope 

The present INFORMEX system is a stand-alone personal computer version that 

runs on DOS based machines. It has a generic focus (not tailored to any one industry 

or firm) and should be able to assist with an information presentation task for a target 

user. It does not include any industry specific forms. 

3.2 Development Framework/Environment 

The INFORMEX development environment needed the ability to represent the 

presentation formats and content information along with the knowledge that would 

guide the recommendations. The representation task was well suited to an object­

oriented environment [Cox 1986][Stefik and Brobow 1986]. 



For example, INFORMEX needed to represent pie charts and bar charts as 

presentation formats in a knowledge base. Intuitively, pie charts are not well suited to 

presenting a large number of data, however, they are quite useful for presenting the 

proportional relationship between a smaller number of data. Alternatively, bar charts 

present an easy way to clearly identify high and low values, and they can logically 

accommodate more data. While the two presentation formats differ in these ways, 

they are also similar in a very important way. They both use area as their primary 

perceptual element and can be classified as an area-based type of graphical chart. 

Area-based charts share some common properties: They are not well suited to high 

precision representation (i.e., it is difficult to distinguish between the values of 2.45 

and 2.47 on a pie or bar chart), and they are a good way to present summarized data. 

Through the use of inheritance, an object-oriented (o-o) approach can provide a rich 

representation environment. Continuing with the preceding example, PIE_CHART and 

BAR_CHARTS would represent independent objects. Each would be described by a 

set of attributes such as, complexity rating, maximum number of reasonable display 

data points, etc. The properties that are common for all area-based objects need not 

be defined for each object. Instead, a special kind of object called a class is created. 

A class stores all of the common property values for area-based objects. The 

PIE_CHART and BAR_CHART objects would be linked to the class AREA-BASED 

and would automatically inherit all of the common properties of area based 

presentation formats, unless the object property were assigned a local value unique to 

that object. To carry the example one step further, LINE-BASED and POINT-BASED 

are also classes of presentation formats that are linked to other presentation format ob­

jects. AREA-BASED, LINE-BASED, and POINT-BASED are all types of graphs and 

can inherit some of their properties from a higher level class named GRAPHICAL. 

In addition to a rich knowledge representation environment, we want INFORMEX 

to be able to explain its conclusions. It should be able to cite the studies (or other 

sources used for the development of the knowledge base), experimental environment 

of the studies, and findings if the INFORMEX user so inquires. The concept of 

hypertext documents appeared a viable vehicle to provide this information [Fiderio 

1988]. Each study has been summarized in a text document that includes the citation, 

dependent measures, description of the experimental task and subjects, individual-



/cognitive measures, presentation formats that were evaluated, and the findings of the 

study. For an example of how this works, consider that during an INFORMEX 

session, INFORMEX recommends that the information be presented in a highly aggre­

gated table format. If a user wants to know about what experiments produced this 

recommendation, INFORMEX would recall one of the summaries that show highly 

aggregated tables are well suited to low complexity tasks for either field dependent or 

field independent types of individuals. By focusing on the word aggregation in the 

findings section, the user would be chained to all studies that examined level of 

aggregation. Alternatively, the user could explore why tables were recommended by 

selecting the word table and linking to the next study about tables. 

3.2.1 Development Products 

Several expert system shells were evaluated for the INFORMEX prototype. Many 

of these did not support the object-oriented framework and did not present a suitable 

representation alternative. Mahogany Professional by Emerald Intelligence was chosen 

because it supports the o-o environment and provides a rich rule structure. 

The Mahogany rule structure is based on an 

IF some set of conditions is True 

THEN a hypothesis is confirmed or assignments are made 

The IF portion of the rule supports deep conditions and pattern matching. For 

example, if the user has indicated that presentation precision is important, an IF 

statement might check for all objects (presentation formats) that have a high precision 

accuracy. Rather than checking the accuracy property of each object separately, the 

statement 

IF <graphical.precision> is greater than or equal to 4 

would identify all graphical types of objects with the ability to display data in a highly 

precise manner. The THEN portion of the mle structure is also very powerful. It 

allows for the creation of new objects, object property assignments, and the fulfillment 

of inference goals. Figure 3 contains sample INFORMEX mles. 

Several professional hypertext systems were also evaluated. The more pure 

hypertext products required manual creation of the links between the textual 

documents. Though these products were quite elegant in design, the manual linking 

along all of the possible threads (all of the independent variables and findings in the 



RULE #2 priority 30 - CrS27 
IF ------------------------------

( l) the task action is comparison [threshold 0.20) 
(2) and the task complexity is "1 variable" [threshold 0.20) , 
(3) and the task structure is structured [threshold 0.20) 

T:HEN ----------------------------
(1) grouped bar chart recommend is yes [certainty 1.00] 
(2) and simple bar chart recommend is yes [certainty 1.00] 
(3) and three d chart recommend is no [certainty 1.00] 

RULE #3 priority 30 - Was32 
IF ------------------------------

(1) the task type is intellective [threshold 0.21) 
(2) and the task action is comparison [threshold 0.20) 
(3) and the task complexity is "2 variables" [threshold 0.20) 
(4) or U1e task complexity is "more than 2 variables" [threshold 0.20) 
(5) and the task structure is structured [threshold 0.21) 

T:HEN ----------------------------
(1) grouped bar chart recommend is yes [certainty 0.60) 
(2) and simple bar chart recommend is yes [certainty 0.60) 

RULE #8 priority 50 - find candidate presentation format objects 
IF ------------------------------

( l) the report format recommend is yes [threshold 0.20) 
TI-IEN ----------------------------

(1) presentation format recommendations is objectname(<report format>) [certainty 1.00] 
(2) and presentation format is done [certainty 1.00] 

Figure 3. Sample INFORMEX Rules 

29 studies) proved too tedious. INFORMEX needed a text retrieval system that could 

automatically link the similar terminology between the studies. A product named 

Minds from Terra Inc. was selected to drive the explanation facility. It has the ability 

to automatically link all of the studies based on similar performance measures, task 

environments, individual characteristics, presentation formats, or findings. Any key 

word can be quickly located in all relevant studies. 

3.3 Statistics of the Knowledge Base 

The INFORMEX knowledge base consists of 73 rules. Most of these rules have 

three to six conditions that lead to inferences about presentation format and content. 

The possible format and content recommendations are represented in 34 objects with 

the inheritance characteristics described in the previous section. The findings of some 

studies were very explicit and allowed the rules to make a specific recommendation, 

i.e. vertically grouped bar charts as a change from a base case. Many studies, 



however, only lead to a general inference such as area-based format with summary 

data. This weaker inference suggests that any area-based format (pie, bar, stacked bar) 

is an eligible recommendation candidate. 

Since different studies sometimes produced conflicting results, the rule's certainty 

factors provide additional insight about the strength of the recommendation. For 

example, a given set of conditions (intellective task requiring comparison and recall 

for high analytics) might recommend with .85 certainty that area-based formats are 

appropriate, while at the same time recommending with a .65 certainty that tables 

should be used. 

3.4 Sample Sessions 

This section will describe two sample sessions for INFORMEX. The first session, 

Figure 4, will follow the approach of a well prepared consultation where most of the 

answers to INFORMEX's questions are available. This session will pursue a 

recommendation for a well defined intellective task for a middle manager: 

The second sample session, Figure 5, will inquire about a planning task with little 

knowledge about the individual factors of the user: 

3.4.1 Interpretation of Sample Sessions 

Though there is some support for several presentation formats and content 

recommendations, the higher certainty factors point to simple bar charts presented as a 

change from a base case for session one. INFORMEX also suggests that this 

information user will not want a large volume of information. This is indicated by 

'information user information request' is low finding. Though raw data as the mode 

of presentation content also has almost equal support to change from a base case (.99 

versus 1.00), the information request is low suggests that some level of summarization 

is recommended. 

Session 2 conclusions are less exact than session 1. While tables are clearly not 

appropriate (certainty = .50), four formats received a certainty rating of .99 and five 

other formats have a .89 rating. A more careful examination reveals that the four 

highest ranking formats use a line as their primary perceptual element. The 

presentation content recommendation was again changed from a base case. No con­

clusion was available for the 'information user information request' volume. 



Question 

What is the task type? 
What is the task action? 
What is the task complexity? 
User's cognitive complexity? 
User's functional knowledge? 
Which presentation formats is the user most 

familiar with? 
User's cognitive type? 
What is the task structure? 
What is the ask environmental complexity? 

The conclusions from this session follow: 

Response 

intellective 
comparison, retrieval 
2 variables 
field dependent 
medium 
tabular 

unknown 
structured 
medium 

******* CONCLUSIONS ******** 

the information user information request 
is low [certainty 1.00] 

the presentation format recommendations 
is table [certainty 0.64] 
is scatter plot chart [ certainty 0. 71] 
is three d chart [certainty 0.70] 
is segmented bar chart [certainty 0.80] 
is line chart [ certainty 0. 79] 
is area chart [certainty 0.80] 
is simple bar chart [certainty 1.00] 
is grouped bar chart [certainty 0.70] 
is star chart [certainty 0.70] 
is pie chart [certainty 0.70] 
is column chart [certainty 0.70] 

the presentation content recommendations 
is change from base case [certainty 1.00] 
is raw data [certainty 0.99] 
is statistical transformation [certainty 0.80] 

******* CONCLUSIONS ******** 

Figure 4. Sample Session 1 

4. SUMMARY AND CONCLUSIONS 

Developing INFORMEX's knowledge base from a broad group of research findings 

has proven to be a difficult task. The inconsistencies in terminology and results of the 

studies greatly complicated the knowledge building process. Yet, even given these 



Question 

What is the task type? 
What is the task action? 

find relationships 
What is the task complexity? 
What is the task structure? 
User's cognitive style? 
User's functional knowledge 
User's cognitive complexity 
Which presentation format is the user 

most familiar with? 
User's cognitive type 
What is the ask environmental complexity? 

The conclusions from session #2 follow: 

Response 

planning 
trend identification and 

more than 2 variables · 
user-defined 
unknown 
high 
unknown 
unknown 

unknown 
high 

******* CONCLUSIONS ******** 

the information user information request 
(no values) 

the presentation format recommendations 
is table [certainty 0.50] 
is scatter plot chart [certainty 0.89] 
is three d chart [certainty 0.99] 
is segmented bar chart [certainty 0.99] 
is line chart [certainty 0.99] 
is area chart [certainty 0.99] 
is simple bar chart [certainty 0.87] 
is grouped bar chart [certainty 0.89] 
is star chart [certainty 0.89] 
is pie chart [certainty 0.89] 
is column chart [certainty 0.89] 

the presentation content recommendations 
is change from base case [certainty 1.00] 
is raw data [certainty 0.85] 
is statistical transformation [certainty 0.83] 

******* CONCLUSIONS ******** 

Figure 5. Sample Session 2 

obstacles, INFORMEX has demonstrated that rule based expert systems can be used as 

the knowledge vehicle for research findings. The development of the rule worksheet 

was a key factor in successfully extracting meaningful rules from the studies. 



Though INFORMEX's recommendations are sometimes less conclusive than a user 

might like, i.e., a recommendation of both tables and graphs with close certainty 

weights, this is a true reflection of the state of research in this field for some task and 

individual factor combinations. This project has demonstrated the ability of 

knowledge based systems to integrate the results from several studies in a research 

area. 

Classifying the existing research in the presentation question field by task, 

individual factors, presentation format and content, and dependent measures has been a 

second benefit of this project. This classification and review of the literature has 

identified areas where little or no research has been performed. 

5. FUTURE DIRECTIONS FOR INFORMEX 

We are designing an empirical test to assess the validity of INFORMEX's 

recommendations. The nature of expert systems requires that the knowledge base for 

INFORMEX will continue to be refined and grow as new knowledge about 

information presentation becomes available. And considering that the presentation 

question is a fertile research area, new and more methodologically precise studies will 

continue to refine our understanding of this area. 

In its present infant stage, INFORMEX could be used as a training tool for 

information analysts. By entering various combinations of responses to user and task 

demands, information system professionals could be more enlightened about the 

presentation needs and preferences of their clients. Ideally, future versions of 

INFORMEX will be an embedded part of a company's MIS. User cognitive profiles 

could be retained in a database as well as task classifications for various recurring 

types of managerial activities. A systems analyst would consult INFORMEX and 

simply identify the target user and type of activity that the information will be used 

for. Since the answers to many of INFORMEX's questions would be available in a 

database, system consultation time could be greatly reduced. In a truly integrated 

environment, an end-user could request information from a data base and INFORMEX 

could direct a report writer to create the report with the format and content most 

appropriate to the information user. INFORMEX is a first step in that direction. 
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