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Abstract

Unstructured data, most of it text-based and computer-
mediated, makes up a rapidly growing majority of the knowl-
edge store of most organizations. Entive classes of informa-
tion systems—knowledge management systems and enterprise
content management systems—have emerged to monitor,
manage, and support decision making from this primarily
textual data.

'Peter Todd was the accepting senior editor for this paper. Cheri Speier and
Mark Nissen served as reviewers. The associate editor and the third reviewer
chose to remain anonymous.

IS research has treated text as a unitary variable. However,
research from cognitive science strongly suggests thal a
deeper investigation of how text is comprehended would allow
the development of more effective computer-based knowledge
and communications systems. Qur research extends IS
research on the effects of information presemtation on
decision making by investigating the attributes of text rather
than comparing text to other information presentation modes
such as graphs or numbers. Our study also contributes to the
sparse empirical IS research on problem formulation, the
initial phase of decision making.

Informed by research on information presentation, decision
making, and narrative comprehension, we designed a series
of experiments that demonstrate that the explicit inclusion of
goal information for activities in narrative descriptions of
problematic business processes increases overall compre-
hension, decision-making confidence, and short and long term
recall. Based on our experimental findings we propose that
augmenting text-based IS to elicit and saliently present
explicit goal information would significantly enhance the
decision support capability of these systems especially for
rapid, ad hoc decisions about business process situations.

Keywords: Decision support systems, decision making,
human—computer intetface, process comprehension

Introduction I

Most of the information on which businesspeople base their
sense-making and decision-making is unstructured text

MIS Quarterly Viol. 30 No. 4, pp. 961-979/December 2006 961

This content downloaded from 132.176.134.81 on Wed, 23 Oct 2019 15:13:38 UTC
All use subject to https://about.jstor.org/terms



Kuechlar & Vaishnavi/Effect of Explicit Goals on Business Process Narratives

(Weick and Browning 1986)and a rapidly increasing percent-
age of that data is computer mediated. Content management
professionals estimate that 85 percent of an organization’s
knowledge store is in the form of unstructured data, pre-
dominantly text files (Robb 2004) and the volume of
unstructured textual data is increasing at a greater rate than
traditional structured data (White 2003).

Some of the more common business computer systems that
integrally depend on text or whose sole function is to
disseminate text are

*  E-mail

*  Case-based DSS

*  Group decision support systems

*  Project documentation systems including design support
systems

+  Knowledge management systems including enterprise
portals

*  Onp-line instruction and operation manuals

*  Help systems

In response to the increasing volumes of textual data and the
increased understanding of its importance relative to tradi-
tional structured data (Peterson 2003), entirely new classes of
computer information systems have recently entered the com-
mercial marketplace. The primary function of these systems
is to manage and support decision making from unstructured
text. Enterprise content management (ECM) systems form
the core of these new systemus {Rosenblatt 2003); business
intelligence systems (Betts 2004) and multiple data mining,
monitoring (for legislative compliance), and knowledge
management applications draw from the text in the ECM
repositories (do Prado et al. 2004; Sullivan 2004). New forms
of text-based decision support systems such as lessons learned
systems (LLS) continue to be developed and have quickly
gained wide acceptance (Weber et al. 2001).

In spite of this flurry of activity in the marketplace, there has
been little research on improving the information systems
presentation of captured text to support decision making. Not
finding any formal study of text management systems, we
surveyed the design descriptions of all text handling systems
described in KM Magazine’s annual product review.? We
found that other than implementing some form of lexical
analysis for categorization (Perrin and Petry 2003) or
combining this technique with conceptual clustering of

ZKMWorld Buyers Guide,” located at http//www. kmworld.com/
BuyersGuide/ (last accessed September 9, 2004).
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indices),’ the systems reviewed (approximately 1 50) treat text
as a unitary data type, capturing and presenting it with no
greater insight than paper filing systems.

To more concretely motivate our research, we present a
typical organizational scenario that demonstrates the use of
text-based information systems in the problem formulation
phase of decision making. In the scenario, John, a sales
support engineer, is thrust into a situation that will require him
to make decisions that will affect his organization and a client
organization. The decision areas include what products to
propose and what level of support agreement to suggest.
These decisions depend on John first accurately defining the
problem situation he faces. His primary information sources
arc the textual documents provided by his company’s
customer resource management (CRM) system.

[ringing phone] Hi. This is John.

[Sarah, John’s supervisor] HiJohn. Look, I've got
Randall [sales] in my office and we’ve been talking
about this miecting with First Credit tomorrow. We
think we're going to need a bit more technical depth
to convince them that our system solves all their
problems. I’d like you to go with Randall and talk
to their tech folks.

[John, rolling his eyes] Isn’t Leslic handling First
Credit?

[Sarah] Leslie’s in Samoa for three weeks. I think
most of the stuff is on line now.

[Sarah’s voice, muffled] Randall, all the First Credit
history is in the new CRM system, right? Letters,
e-mails, RFP? [Sarah’s voice, clear] Yeah, just log
onto the CRM system, call up First Credit and click
on Supporting Documents.

Key and common elements of this and the many similar
scenarios which typify our research focus are (I) the sudden
appearance of a problem solving situation requiring definition
and context; (2) initial detailed information on the problem
situation derives from computer mediated narrative descrip-
tions; (3) the emphasis is on comprehending textual infor-
mation rather than searching for it.

Smart Discovery and VizServer,” Bloor Research Inxight text-analysis
product review, located athttp://www inxight com/preducts/smartdiscovery/
(accessed August 4, 2004).
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Similar scenarios can easily be envisioned or are set out in the
descriptions of text-based support systems that have been
developed for virtually all organizational functions including
help desks (Roth-Berghofer 2004), market research (Marshall
et al. 2004), accounting (Baker et al. 1998), and intellectual
property management (legal) (Breitzman and Mogee 2002).

Research in 1S on the effects of information presentation on
decision making has an extended history. However, all prior
IS research on information presentation modes has treated text
as a unitary variable; the effects of varying text content and
type have not been explored, despite a body of research from
IS (Dilla and Stone 1997; Mao and Benbasat 2000) and the
cognitive sciences {Lutz and Radvansky 1997; Simon and
Hayes 1976) that suggests that problem formulation and thus
problem solving and decision quality are strongly influenced
by the alteration of specific aspects of text presentation. Our
research extends prior information presentation research and
suggests a new stream of information presentation research to
explore the effects of text presentation on decision making.
1t also provides detailed design guidance for text-dependent
systems. Our primary research question in this area is

RQ:  How can the presentation capabilities of text-based
information systems be enhanced to improve their
decision support capabilities?

In this paper, we describe two experiments that demonstrate
that the explicit inclusion of goal information for activities in
narrative (a common type of text) descriptions of problematic
business processes increases overall comprehension, decision-
making confidence, and short and long term recall, thus
greatly enhancing decision making.

Although the inclusion of goal information in narrative
descriptions of process may s¢em intuitively beneficial, it is
rarely done. First, many writers of process documentation,
systems documentation, and even problem-describing narra-
tive such as e-mails do not include goal information in their
documents because it has become “‘transparent” to them.
Such information becomes internalized and implicit (Nonaka
1994; Rulke and Zaheer 2001) and is no longer conscious
information. In fact, as documented in the literature on
knowledge engineering, this information can be the most
difficult to extract from the experts on a given process or
system (Diederich and Linster 1989; Steels and Lepape 1993).
Also, a common school of technical writing siresses con-
ciseness and precision and promotes laconic descriptions of
things and actions over intentions (Houp 2002).

As our survey of current text-based commercial product
offerings has shown, narrative-based information systems also

largely ignore goal information. However, we believe that if
strong enough evidence of the benefit of including goal
information in narrative-based systems can be demonstrated
empirically, then more developers and researchers will accept
the challenges to gain the benefits. Based on our experi-
menta!l findings, we propose that augmenting text-based IS to
elicit and saliently present explicit goal information would
significantly enhance the decision support capability of these
systems.

In the next section of the paper, prior research on the effect of
information presentation and text comprehension on decision
making is reviewed in order to develop a research model for
our study. We then describe our empirical study with refer-
ence to the model. Subsequent sections describe the experi-
mental procedures, discuss the results, and conclude with a
discussion of the implications of the results for research and
practice.

Prior Related Research I

IS research on information presentation (IP) has a lengthy
history; the topic was broadly popularized by the Minnesota
experiments (Dickson et al. 1977). Information presentation
in this context has traditionally referred to the different means
of expression and representation of information such as text,
graphs, numbers, and diagrams; more recently the term has
come to include different access modes such as hypertext or
conceptually clustered indices (Cole et al. 2003). Various
streams of IP research have emerged through the years,
investigating different dependent variables. However, the
intent of all IP research is to improve the decision support
capability of information systems and the common core
assumption behind the research is that the mode of informa-
tion presentation has significant effects on decision making.
Thus the research model shown in Figure 1 is implicit in all
IP research.

Early “individual differences” research on [P sought to deter-
mine the interaction of information presentation mode with
individual decision making style (Dickson et al, 1977; Lusk
and Kersnick 1979). This research stream has been muted
since 1983 (Huber 1983). Cognitive fit research seeks to
match presentation mode to decision task to minimize cogni-
tive load on the decision maker (Dunn and Grabski 2001;
Jarvenpaa 1989; Vessey 1991, 1994). Cognitive load is signi-
ficant because it alters decision sirategy (Todd and Benbasat
1991, 2000) and potentially decision quality. Another on-
going 1P research stream explores the effect of presentation
mede on specific decision tasks such as risk determination
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Cognition
Information - Decision
Presentation "|  * Decision strategy Quality
* Comprehension and
leaming
Figure 1. General Information Presentation Research Model I

(Dilla and Stone 1997) or base-rate decisions (Roy and Lerch
1996). TP effects on comprehension (Lim and Benbasat 2002;
Lucas and Neilson 1980} are typical of still another research
stream that explores the ability of information systems to
present key aspects of information more saliently, thereby
improving mental model formation and decision quality. Our
research most closely follows this latter stream in that it is
focused on comprehension of information in the problem
formulation phase of decision making, rather than the problem
resolution phase.

During problem resolution, solutions are sought for a well-
defined problem. Information system support may be pro-
vided by information retrieval and presentation (see the pre-
vious paragraph), assistance in operational model construction
(Sen and Vinze 1997), or through expert system consultation
(Liao 2005). During problem formulation, a problem
situation is initially comprehended and defined. It is at this
phase of problem solving that a mental model of the problem
situation is first constructed and an incorrect model can stall
the problem solving process indefinitely. In Sanderson and
Murtagh’s (1990) rescarch on eclectronic circuit failure
diagnosis, experimental participants who had formed incorrect
mental models of the functioning of the circuit were never
able to diagnose the problem (within the timeframe of the
experiment} while all participants who formed a correct
model made accurate diagnoses. Berthon et al. (1998) deter-
mined that although it is the least researched of problem
solving activities, problem formulation is critical to successful
problem solving and decision making. They indicate further
that incorrect model formulation is not uncommon in
organizational settings and misdirects the entire subsequent
decision process.

Problem formulation has been shown to be highly dependent
on the mode of problem presentation. Roy and Lerch (1996)
and Dilla and Stone (1997), two IS information presentation
studies that focused on problem formulation, found that
varying problem presentation modes had significant effects on
mental model formation. Even within a single mode of prob-
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lem presentation, text, Simon and Hayes (1976} found that
“innocent” changes in language had major effects on problem
formulation. IS research on system generated explanations
for expert system conclusions has proposed that different
form and content for textual explanations significantly influ-
ences the understanding of and acceptance of system conclu-
sions (Gregor and Benbasat 1999; Mao and Benbasat 2000).

As is evident from the scenario presented earlier, the focus of
our research is to improve IS delivery of text-based informa-
tion in a type of naturalistic decision making situation (Zsam-
bok and Klein 1997) we term consuitative: information is
required quickly to define and diagnose a problem occurring
outside the decision maker’s normal domain (problem formu-
lation). For our research, we have constrained the general
model of Figure | to correspond to the work scenarios that
motivate this research: information delivery is via computer
mediated narrative, the environment is that of a typical
organizational knowledge worker, and the task is diagnosis
and subsequent elaboration of an organizational problem
situation for decision making.

Our research model (Figure 2) has been informed by an
extensive survey of text comprehension research from the
fields of discourse processing (see Gamez and Marrero 2001),
cognitive (see Lutz and Radvansky 1997) and educational
psychology (see Narvaez et al. 1999 ), and management and
decision science (see Gettys et al. 1987; Weick and Browning
1986). The most salient research used to develop the model
is shown in Table 1.

Summarizing that research, a cognitive model, the situation
model, is formed when readers seek to understand textual
material. A functional view of the situation model is as a
mental analogue of a semantic network, linking clauses (facts)
presented in the text with prior knowledge to form a coherent,
nomothetic web; the new situation presented in the text is
made intelligible by the situation model (Zwaan and Rad-
vansky 1998). The strength and coherence of the situation
model is affected by reader (attitude), material content (the
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Information Presentation Cognition Decision Quality
Factors
Decision
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narrative g
\ Solution Count
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Figure 2. Narrative Goal Presentation Research Model

Table 1. Material and Reading Environment Variables Shown to Affect Comprehension

Text or Reading
Environment Attribute

Effect on Comprehension

Reference

Genre (type) expeactations

Reading time, recall of situational and surface information

Zwaan 1994

Concreteness

Positively affects recall, comprehensibility, and interest

Sadoski et al. 2000

Text coherence/ambiguity

Delay in constructing situation model untit ambiguity is
resolved

Mani and Johnson-Laird
1982

Material type

Expository texts favor evaluation of items in isolation;
narrative favors evaluation of item relationships

Einstein et al. 1990

Goals for actors in “story” texts

Recail interference: uncompleted goals interfere with the
recall of goals mentioned earlier in the text

Lutz and Radvansky 1997;
Maglaino and Radvansky
2001

Causal information in text

Alters analysis of situations and thus decisions; virtualiy
eliminates “framing effect biases”

Jou et al. 1996

Reader goals; reading purpose

Differential processing resources allocated to construction
of the different models, especially text-based versus
situation

Narvaez et al. 1999;
Schmalhofer and Glavonov
1986

MIS Quarterty Vol. 30 No. 4/December 2006
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independent variable for our experiments), and material type.
Text is frequently divided into four broad types: persuasion,
exposition, literary text, and narrative. Qur research is
focused on narrative, a type of text that tells a story or
describes a situation since it is pervasive in organizational
communications. The results of text comprehension research
(see Table 1) imply that the situation model could have signi-
ficant effects on multiple facets of decision making: compre-
hension, solution count, and recali (the dependent variables
for our experiments).

Of the many text presentation aspects suggested for investi-
gation by prior research, the potential for goa! information in
narratives about process to increase both retention and accu-
racy of concept formation and diagnosis of problems was
especially salient forus.* In our experiments, reader expecta-
tions and material type and content have been held constant,
with the exception of the treatment—the inclusion or
exclusion of goal information (independent variable) for
activities in textual scenarios (marratives) of problematic
business processes.

Our experiments are directed at some of the significant gaps
in prior research. In the course of our extensive review of the
IS, cognitive science, and discourse processes literature, we
have discovered no studies of the effects of any of the aspects
of text presentation on critical business decision quality
variables. And, although some prior work has explored the
effects of text comprehension on cognitive models, our
experiments provide substantially more external validity than
any prior work through the use of controls on subject attitude
and more complex business process scenarios (see Dougherty
et al. 1997; Huber et al. 1997; Jou et al. 1996; Kuhberger and
Huber 1998). Task complexity is widely understood to have
an effect on decision models and strategies (Payne etal. 1992,
Todd and Benbasat 1991, 2000).

Hypotheses I

Experiment 1 investigates the short-term effects of including
goal information for activities in an e-mail that describes a

*As systems analysts in industry, we were well aware of the utility of goal
information in system documentation. Moreover, for some years we have
worked on the problem of automatically reconciling dynamic changes
between two cooperating automated workflow systems and have developed
auseful computational model that uses goal information in process descrip-
tion data structures to automatically reestablish coordination following
changes to workflow activities {Kuechler et al. 2001). An interest in devel-
oping this model as a possible limited cognitive model of work process
similarity led us to choose goal information effects on narrative compre-
hension as our experimental starting point.

966 MIS Quarterdy Vol. 30 No. 4/December 2006

business process and a problem that has occurred with the
process. Withreference to Figure 2, explicit goal information
in a narrative has been shown to contribute strongly to
forming cognitive linkages between textual clauses (Albrecht
and O’Brien 1995). Textually presented facts that are linked
by intentional information or other (usually) less effective
means have more intrinsic explanatory power and also form
more relationships to prior knowledge (van den Broek et al.
2000). This should increase the ability of the reader (the
decision maker) to make inferences and should also lead to a
more ¢coherent model that is recalled more accurately (Zwaan
and Radvansky 1998). The more coherent situation model,
which integrates more aspects of the textually presented
situation, should decrease uncertainty about the situation and
may lead to greater confidence in decisions made about
problems occurring with the described process (Goslar et al.
1986). Further, goal information for actions should increase
the salience of interactions between process actors and of
process state changes leading to increased comprehension and
diagnostic ability. Finally, more accurate diagnosis should
more concretely and specifically direct actions, decreasing the
number of proposed solutions to a problem. Thus the
hypotheses for Experiment | are

Hla: The inclusion of goal information for activities in a
narrative process description will result in better
recall of explicitly stated information from the
description.

Hib: The inclusion of goal information for activities in a
narrative process description will result in increased
confidence in decisions and judgments made con-
cerning the process.

Hle:  Explicitly stated goals for activities in the process
description will result in increased comprehension of
the process as indicated by accurate problem diag-
nosis and solutions to the process problems that are
more concrete and coherent.

H1d:  Explicitly stated goals for activities in the process
description will function as constraints during solu-
tion generation resulting in fewer solutions.

Experiment 2 tests the long-term (one week) effects of
activity goal information on process narrative comprehension.
Long-term recall has a significant effect on the way decisions
are actually made in naturalistic situations (Klein 1998).
Especially when decision makers are busy and the review is
tedious, as for most complex business processes, the decision
makers do not review their notes at every sitting, but rely
heavily on memory {Simon 1977). Thus, the more accurate
the original situation model formed of a process, the better
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will be the long-term decisions regarding that process.
Hypotheses for the experiment, therefore, are

H2a:  The inclusion of goal information for activities in a
narrative process description will result in better
long-termrecall of explicitly stated information from
the description.

H2b:  The inclusion of goal information for activities in a
narrative process description will result in increased
confidence in recall made concerning the process
over the long term.

H2c:  Explicitly stated goals for activities in the process
description will result in increased long-term com-
prehension of the process as indicated by accurate
problem diagnosis and solutions to the process
problems that are more concrete and coherent.

Experimental Variables
and Procedures’® I

Pilot Study

As an initial assessment of our experimental procedures, we
conducted a pilot study in which 15 subjects were given short
business process scenarios to read, and were then questioned
to determine their understanding, their inferences, their and
decision processes. The session was recorded and tran-
scribed, and an analysis of concurrent verbal protocols (Huber
etal. 1997; Williamson et al. 2000) gave strong evidence that
a detailed situation model was formed during the reading of
business scenarios, and that the model was used to answer
questions, draw inferences, and form conclusions about the
material (Dougherty et al. 1997; Harte et al. 1994; Jou et al.
1996; Pennington and Hastie 1993). The pilot study gave
evidence of the effectiveness of many of the specific data
collection techniques and mstruments used in our
experiments.

Experimental Design for Experiments 1 and 2

The experimental design illustrated in Figure 3 is identical for
both experiments. Both utilized a single independent variable

SFull descriptions of the pilot study, the confirmatory study, and the
instruments and coding protocols for all experiments are available at
http:/fwww.misq.org/archivist/vol/no30/Issue4/Kuechler Appendix.pdf.

with two levels of the factor: the presence or absence of
sentences describing goals for activities in a business process
description document. The four dependent variables were
recall of stated process details, decision confidence in
decisions made with respect to solving a problem that was
described in the process description document, compre-
hension of (the ability to make valid inferences about) the
process and the problem that was described, and sofution
count (the number of unique selutions proposed) for the
problem described in the process description document. A
within-subjects design was chosen to minimize subject dif-
ferences; a randomly selected, counterbalanced presentation
order of documents was used to control for order effects.

Experiment 1: Immediate Effects

Subjects. A total of 24 senior and graduate students enrolled
in elective information systems classes participated in the
experiment, 19 of whom were from a 14,000-student state
university; the other 5 were from a 24,000-student state uni-
versity. The average age was 24 years, and 42 percent of the
subjects were female. Incentives for involved participation
were $15 and partial credit toward class grade.

Materials. Two different process description documents
were required for the within-subjects design, each in two
versions: one with and onec without treatment sentences
describing high-level goals for activitics. Goals (or intentions
or rationale) describe why a specific activity is performed as
it is, and are non-detail prescriptive. For example, not storing
inventory on the manufacturing site (just-in-time ovdering) in
order to keep inventory costs down is an example of an
explicitly stated high-level goal for a manufacturing process.
In our experiment, the intentional information was deli-
berately chosen to be widely understood by our subject pool,
and this was confirmed in our pilot study, our confirmatory
study (described later}, and by subject protocols.

The descriptions were presented in the form of printed e-mail
messages, identical in format to those used in the pilot study,
which consisted of salutations, closings, and step-by-step
descriptions of the processes. Enough information was given
to infer a reason for the problem. However, this was nor
made explicit in the narratives. The scenarios were similar in
length for each version (approximately 350 words, no goal
version versus 440 words, goal version) and identical in
number of interactions between actors.

The other experimental materials were

*  Twotests of 12 true/false and short answer questions for
determining prompted recall, one for each narrative scen-
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Figure 3. Experimental Design

ario. All questions involved information explicitly stated
in the narrative.

One set of five high-level probes used with both scen-
arios to determine retention and comprehension. Inorder
of presentation to the subjects, they were (1) describe the
original process; (2) describe the problem that occurred;
(3} describe what went wrong with the process;
(4) describe as many solutions to the problem as you can;
and (5) pick the best solution from the ones you have
proposed and deseribe why it is optimum.

An instrument similar to that used in Goslar et al. (1986)
for measuring confidence in decisions made regarding ill-
structured problems. The instrument contained seven
questions, each rated on a seven-point Likert scale that
measured decision confidence directly along with two
factors that covary with decision confidence: willingness
to take action on decisions and perceived clarity of
decision related information. Some of the questions
were included as validity checks as were negatively
worded questions (to detect subjects circling all 5’s, for
exarmple).

Procedure. After brief preparation for the concurrent verbal
protocol, subjects were advised that they were to play the role
of an analyst from a consulting firm who had been flown in at
the last minute to review material generated by a fellow
analyst who had fallen ill.

All subject responses were audio recorded (Ericsson and
Simon 1993; Harte et al. 1994; Huber et al. 1997). Aftera
single reading, the five free recall probes and the instruments
for prompted recall and decision confidence were admin-
istered. The second process description narrative was treated
identically. Before leaving the session, subjects were sche-
duled for the follow-up session (Experiment 2: long term
effects) one week later.

968 MIS Quarterly Viol. 30 No. 4/December 2006

Data Parsing and Coding. The analysis of concurrent verbal
protocols (CVP) (Ericsson and Simon 1993; Williamson etal.
2000) as it has been specifically applied to decision research
is detailed in Harte et al. (1994) and Todd and Benbasat
{1987). The verbal responses to the probes were transcribed
and broken into clauses, defined as any unit that expresses a
unified predicate (Berman and Slobin 1994; Trabasso and
Magliano 1996). The transcriptions were parsed into clauses,
as used in reading comprehension research instead of
protocols (Ericsson and Simon 1993) because the intent was
to discern ideq units (Sadoski et al. 2000) in the transcription
rather than to infer thought processes from it.

Measures. There are multiple perspectives on compre-
hension (Anderson and Krathwohi 2001; Lim and Benbassat
2002; Mayer 1991) that all tend to cluster around the
dictionary definition of the word understanding. Tests of
comprehension of textual material typically involve measure-
ment of inferences, the extrapolation of the material to new
contexts or judgments about meaning and the ability to infer
solutions to problems stated in the text (Bymmes 2001; Jou et
al. 1996). We use diagnosis and solution score (solution
richness) to triangulate on this complex construct.

The ability to remember specific facts or phrases from text is
typically termed recall in the text comprehension literature
{Anderson and Krathwohl 2001; Zwaan 1994). Recall and
comprehension result from distinct cognitive processes and
may not be correlated, that is, high recall may be accom-
panied by minimal understanding (Anderson and Krathwohl
2001; Byrnes 2001).

Decision confidence and short answer scores (prompted
recali) were measured with instruments. All other measures
were derived from analysis of the concurrent verbal protocol
of responses to the five high-level probes. The solution score
measure was suggested by an analogous measure in Nissen
(2000) for evaluating the utility of business processes, which
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Table 2. Experimental Measures

Decision Confidence

Decision confidence

Three related factors: willingness to act, recall confidence, and recall clarity measured with a
instrument. seven questions, each using a seven point Likert scale.

Comprehension

Diagnosis:

The exact reason for the problem that occurred in the process narrative was never stated;
thus this is a measure of an inference as to why the problem occurred. Scorings were 0 = no
diagnosis, 1 = partial diagnosis, 2 = full, correct diagnosis.

Solution Score

Each solution received an integer rating: O {inconsistent, unworkably vague, or contradictory
to stated facts in the narrative) or 1 (consistent and workabie). Scores for all solutions were
added to yield the solution score.

Solution Count

Number of Solutions
narrative.

A count of the number of distinct, explicitly stated solutions to the problem given in the

Recalt

Prompted recall

Measured with a 12-question short answer test for each process narrative. Scores were
converted to the decimal fraction of correct answers (0.0 to 1.0) for the statistics.

Process Siep Scores

1.0) for the statistics.

A measure of how well the process was recalled during free recall. Each process was defined
as series of nine steps. Each step was defined as (1) a communication {product or informa-
tion) (2, 3) between two entities {4) occurring in a specified sequence and (5) resulting in a
state change. Each step could be scored from 0 to 5 depending on whether and how well the
elements of each step were recalled. Raw process step scores for each narrative ranged
between 0 and 45; scores were converted to the decimal fraction of correct answers (0.0 to

had been restructured in an experimental setting. The mea-
sures and their scoring are described in Table 2. Accuracy of
recall and plausibility of inferences served as a manipulation
check, assuring that observations were not the result of
confusion or misunderstanding.

The first author coded all parsed transcriptions. Random
samples of five subjects (20 percent) were scored by each of
two other raters, Inter-rater agreement was measured with
Cohen’s kappa. After discussions to resolve differences®
kappa’s were acceptable (Landis and Koch 1977): .76 for
process step scores and .86 for diagnosis.

Experiment 2: Long Term Effects

This experiment tests the long term (one week) effects of the
treatment on many of the same decision attributes measured
in the first experiment, which tested immediate effects.

6Scoring process step scores involved multiple pages of transcribed
protocols. Much of the resolution of differences in rater scores involved
detection of overlooked items rather than interpretation differences.

Subjects. The same subjects from Experiment | participated
in this experiment.

Procedure and Materials. Subjects were seated at 2 PC that
was running common e-mail software and were instructed to
assume the same consultant roles they had assumed during the
prior week’s session (for Experiment 1). They were then
instructed to read and type a reply to two urgent e-mail
requests for information on the two scenarios, goal and no-
goal, from the prior week’s session. The presentation order
of the e-mails was randomly chosen. Subjects were prompted
to include as much detail as they could recall and any insights
they had formed concerning the scenario and solutions for the
problems that had arisen with it and were then presented with
the same short-answer quiz used in Experiment 1. The
process was repeated for the second e-mail.

Measures: Since in this experiment subjects were not being
asked to make decisions about the processes, but rather to
recall the solutions they had thought through the prior week,
for this session we constructed a recalf confidence instrument
designed to measure how confident subjects felt in their
ability to remember facts and judgments made about the two
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process descriptions. The same type of validity checks used
in the decision confidence instrument were included in this
instrument. The typed responses of the subjects to the e-mail
requests for information were parsed and coded exactly as the
transcriptions of the free recall sessions had been in Experi-
ment 1, and so all other measures were identical to those
described for that experiment.

Results and Discussion

The Shapiro-Wilk test (Mittlehammer 1996) was run on all
data sets to confirm that they came from normally distributed
populations and that t-tests were appropriate for all con-
tinuous variables. Since the data was correlated (measures on
the same subjects), paired-t tests were used. Diagnosis and
solution score are ordinal measures and so both t-tests and
Whitney-Mann U tests were run for these measures due to the
ongoing debate on whether t-tests or nonparametrics are
appropriate for ordinal measures (Mitchell 1986). In Table 3,
p-values for the Whitney-Mann test are shown in parentheses.

ANOVA was used to check for order and instrument effects.
Identical analyses were performed for both experiments. No
significant order effects were found except for diagnosis for
Experiment 1; this required splitting the diagnosis data set
into two groups: Scenario-1-first and Scenario-2-first. The
results of t-tests on both groups are shown in Table 3. No
other order, instrument, or int¢raction tests were significant.

The direction of all measures was consistent with the experi-
mental hypotheses. Goal information for activities in the pro-
cess narrative resulted in better recall of process details,
greater confidence in solutions generated for the problem
situation, and greater comprehension of the process—indi-
cated most meaningfully by greater accuracy of diagnosis of
the problem. The improvement in prompted recall scores
resulting from the goal information treatment was significant
at the .05 level (p = .027); recall improvement was corrobo-
rated by the process step scores which measure more detailed
unprompted recall (means of .825 versus .735, p = .065).

Diagnosis is an inference and the strongest indicator of the
understanding of both the original process and the problem
that occurred as indicated by this subject’s goal treatment
protocol: “The new fashion trend...decided they didn’t need
the vests and...that created the problem because, umm, the
New York folks were using that notification [of vest
completion] to order the cloth for the coats.” The scenario
never explicitly mentions the function(s) of the vest com-
pletion notification; however, the subject’s extrapolation from
stated facts to problem diagnosis is typical of correct
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responses. The higher diagnosis scores correlate with the
improvement in solution scores {concreteness and coherence
of solutions: means of 2.25 versus 1.41; p = .002), as would
be expected. The fact that decision confidence factors were
significantly higher for the goal condition combined with the
higher scores for recall and comprehension indicates that
subjects not only had a greater understanding of the material,
but also were more willing to act on that understanding. For
example, contrast one subject’s responses to the decision
confidence question on taking immediate action. For the goal
treatment: “That’s all the way to a seven, because they have
to fix that quick.” For the non-goal treatment: “Well, a four.
[pause] That’s pretty wishy-washy...make that a five.”
Considered in total, the results provide significant support for
hypotheses Hla, H1b, and Hlc.

Hid, the hypothesis that subjects would treat the goal
information as a constraint on solutions and thus generate not
only better but also fewer solutions was not supported (means
of 2.75 versus 2.42, p =.15); goal treatment subjects actually
generated slightly more solutions. Research on hypothesis
generation and choice (Dougherty et al. 1997, Fisher et al.
1983; Gettys and Fisher 1979; Gettys et al. 1986) shows very
robustly that subjects tend to generate very few hypotheses
(solutions in our experiment are hypotheses) relative to any
situation, even when extensively prompted to generate more.
We saw evidence of this in the protocols for several subjects;
one subject very cogently responded to our prompt for “Any
other solutions?” by saying, “1’m not one to ramble on when
[’ve come up with what seems a likely solution.” We had
hypothesized that goal information would function as a con-
straint on the solution space and thus result in fewer solutions
proposed. The constraining effect of the goal information was
observed in the correctness of the solutions—almost no goal
treatment solutions violated constraints implicit in the goals—
however it may be that the richer understanding of the prob-
lem situation resulting from the goal treatment actually
stimulated solution production. The statistics are inconclu-
sive, butthe increased problem-solving creativity hinted at by
our findings is a significant enough effect to warrant further
study.

Long Term Effects

For Experiment 2 also, both measures of recall (process steps
and prompted recall scores) were higher for the process
narratives that had included activity goal information (see
Table 4). Prompted recall scores were more significant for
this experiment (p < .001 versus p = .027), and we propose
that this is due to the short time between the reading of the
material and the administration of the test in Experiment 1.
Short-term memory effects benefitted recall in Experiment 1
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lEble 3. Means, Standard Deviations, and p-values for Experiment 1

Goals No Goals
Measure p Mean Std. Mean Std.
Decision Confidence
Willingness to Act 002 11.0 2.24 9.50 248
Recall Clarity .060 8.46 272 7.08 3.23
Recall Confidence .015 4 .96 1.27 4.01 1.31
Comprehension
Diagnosis (scenario 1 first} .036 1.154 .92 654 .94
(.004)
Diagnosis (scenario 2 first) <.0M 1.18 75 .09 .08
(031
Solution score .002 2.25 1.41 1.31 75
{.004)
Solution Count
Number of Solutions .15 2.75 142 242 1.38
Recall
Prompted recall 027 86 A5 78 A5
Process steps .065 .825 .21 735 18

Table 4. Means, Standard Deviations, and p-values for Experiment 2 I

Goals No Goals
Measure P Mean Std. Mean Std.
Decision Confidence
Recall Confidence .037 9.54 2.9 7.82 2.64
Comprehension
Diagnosis < .001 1.167 .83 396 76
(<.001)
Solution score 078 1.02 63 71 B7
(.087)
Solution Count
Number of Solutions 11 1.46 .66 1.21 78
Recall
Prompted recall <.001 695 29 44 31
Process steps .002 746 21 60 27
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but once these had faded, those subjects who had formed a
more coherent situation model due to the goal information for
activities showed significantly better recall on all long-term
measures in Experiment 2. Recall confidence for the two
process descriptions was significantly higher for the goal
treatment {mean scores of 9.54 versus 7.82; p=.037).

Note that the measures, number of solutions and solution
score, have far less variation for Experiment 2 than for
Experiment | (compare Tables 3, 4). This was due to the
tendency discussed earlier for subjects to propose few
solutions under any conditions, and once a viable solution had
been proposed, even strong prompting rarely resulted in
additional contributions (see the discussion above for
Experiment ). For Experiment 2, subjects typically recalled
onty the solution they felt was best from the prior discussion
(average number of solutions recalled = 1.46/1.21). Thus,
since few solutions were recalled, and the ones recalled
tended to be viable, the number of solutions and solution
score measures tended to equalize across treatments in
Experiment 2.

The results from Experiment 2 indicate that the inclusion of
goal information for process activities in a process description
narrative increases the strength of the situation model
substantially, and this results in statistically significant long-
term effects. The understanding of the process is increased
according to two distinct criteria; recall of the explicitly
stated facts of the process description, notably the steps of the
process, and comprehension of the process as measured by the
ability to correctly diagnose problems and propose effective,
coherent solutions. Moreover, the treatment resulted in
increased confidence that the process material and previously
formed insights about it were being recalled correctly. The
fact that the correct diagnosis was spontaneously communi-
cated in descriptions of the situation to others much more
often for the goal freatment is a meaningful effect. It appears
that appropriate treatment of narrative not only allows readers
to generate more accurate insights, but also fosters dissemina-
tion of this critical information in an organizational context.

A Confirmatory Study

Following the two experiments, a confirmatory study was
performed in order to (1) check the validity of the manipula-
tions, (2) rule out an alternative explanation for the effects
found in the main experiments: that the differences in length
of the narratives (the goal narratives averaged 90 words
longer than the non-goal) were responsible for the effects, and
(3) confirm our earlier findings in an experiment with a much
higher N (60).
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To validate our manipulations, questions were asked for each
intentional sentence in each narrative which would be
answered correctly only if the information were correctly
interpreted by the subjects as goals that constrain the process.
For example, one goal sentence (found only in the goal
version of the narrative) contained the information ““This cloth
[from Milan, Italy] is expensive, but it’s necessary to preserve
New Man’s quality image.” The probe for the understanding
of this goal was the question: “Could New Man save money
by using cloth for the coats from Taiwan?" The vast majority
of non-goal treatment subjects gave the answer “ves,” while
the vast majority of the goal-treatment subjects answered
“no,” and explained their reasoning using information from
the goal sentence similar to this subject’s response: “They
could, but their marketing campaign calls for the Italian cloth
to set a quality image.” Overall, 100 percent of all subjects
correctly perceived at least two of the goal sentences, &80 per-
cent correctly perceived at least threc of four goal sentences,
and 70 percent correctly perceived all goal sentences indi-
cating the manipulation was interpreted as intended by the
subjects in the main experiments.

To address the possibility that differences in narrative length
provide an alternative explanation for our findings, our
confirmatory study held the amount of information constant
across goal and no-goal versions of narratives and performed
several of the tests from the two primary experiments. The
results were consistent with our original findings. They are
supported as well by the behavioral decision research that has
shown that simply including more information about a tepic
that is not related to a specific decision about that topic results
in a poorer decision and in greater confidence in those
fallacious decisions (Davis et al. 1994; Oskamp 19635; Paese
and Sniezek 1991). We conclude, then, that the difference in
length of narratives is not a likely cause for the effects seen in
the original study.

Table 5 displays the results of two tests of comprehension
from the confirmatory study, which are statistically significant
at the p = .01 level and corroborate the results of the main
experiments.

Final Discussion I

Table 6 outlines the hypotheses and results for the entire
series of studies. This data in combination with the qualita-
tive results from the verbal and written protocols provides
substantial support for our theoretical model (Figure 2), and
also makes readily apparent that the inclusion of intentional
information in narrative has a significant positive effect on
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Table 5. Results of the Confirmatory Study

Goals No Goals
Measure p Mean Std. Mean Std.
Problem Description .010 94 231 80 407
Diagnosis .002 33 476 09 293

Table 6. The Study’s Hypotheses and a Summary of the Resuits of the Experiments

Hypothesis

Pilot Experiment 1

Experiment 2 | Confirmatory

HOa | Business process descriptions in e-mail format
will be interpreted as narrative rather than
exposition and will result in strong situations
madels used for recall and decision making as
described in the reading comprehension and
non-structured decision literature.

Supported

Supported Supported Supported

H1a, { The inclusion of goal information for process
H2a | activities will result in better recall of explicit
details from the description.

Not tested

Supported
(short term)

Supported
(long term)

Supported
(short term)

H1b, | The inclusion of goal information for activities
in a narrative process description will resuit in
increased confidence in decisions and judg-
ments made concerning the process.

Not tested

Supported Indirectly Not tested

supported

H2b | The inclusion of goal information for activities
in a narrative process description will result in
increased confidence in recall of the process
over the long term.

Not tested

Not tested Supported Not tested

H1c, | Explicitly stated goals for activities in the pro-
H2c | cess description will result in increased com-
prehension of the process as indicated by
accurate problem diagnosis and solutions to
the process problems that are more concrete
and coherent.

Not tested

Supported
(short term)

Supported
{short term)

Supported
{long term)

H1d, | Explicitly stated goals for activities in the pro-
cess description will function as constraints
during solution generation resulting in fewer
solutions.

Not tested

Not supported | Not tested Not tested

business decision making. Since the experiments used narra-
tive descriptions only, the results may not generalize to other
text genres such as literary stories or argumentation.

The sample size of 24 is consistent with similar studies in
multiple areas (Mackay and Elam 1992). We note also that
the within-subjects design yields two measures per subject,
and provides much stronger results than the same N in a
between-subjects design. Given the triangulation and mani-

pulation checks we gained from protocol analysis, we believe
the tradeoff in statistical significance was justified for this
essentially exploratory study. The confirmatory study with N
= 60 further mitigates sample size concerns.

The use of students in this study does not seem to prevent
generalization to a target population since the students fit the
target demographics of nonmanagerial knowledge workers
quiet well. The average number of years of nonacademic
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work experience was 5+, and 20 (out of 24) of the subjects
were working as knowledge workers more than 15 hours per
week during the study. Examination of the protocols for both
experiments points out the effectiveness of the role-playing
suggestions in generating work-appropriate motivation toward
experimental tasks,

Finally, although the study was more realistic than any
previous laboratory experiment we have reviewed, many
business processes are far more complex than the ones
described in our materials. However, with nine departmental
interactions each, our experimental process descriptions are
as complex as many in-use business processes. Furthermore,
complex processes of any sort are frequently decomposed by
managers into subprocesses of lesser complexity (Simon
[977). Thus, although additional research focused on more
complex processes is an obvious extension of this study, the
results are immediately applicable to a subset of in-use work
practices.

Implications for Practice

IS practitioners have a near-term, pragmatic focus; the impli-
cations for them from this research derive almost entirely
from the strong empirical support given to the benefits of eli-
citation and inclusion of goal information in narrative-based
systems. As discussed in the motivation for our experiments,
even though the inclusion of goal information in narrative
seems intuitively desirable, it is, with few exceptions, ignored
by commercial systems for managing textual information or
those that use textual information to support systems devel-
opment. We propose that our experimental results are strong
enough to justify, even for developers who as a group are
traditionally concerned with efficiency, the addition of a num-
ber of functional modules to narrative-based systems such as
those enumerated in the introduction of the paper: (1) anar-
rative parsing module for automatically determining actors,
activities, and stated goals (if any) for the activities; (2) a goal
elicitation module for automated assistance in explicating the
rationale for actions if left unstated; (3) provision for storage
of elicited goal information; (4) the ability to index and
retrieve narrative material by goal; (5) mechanisms to link
goals to narrative and vise versa and to display narrative(s) by
goal or to display goals associated with narrative(s).

The technical aspects of all of these five modules have been
previously studied; automatic parsing is well documented in
the research literature of education (Landauer et al. 2003),
computer science (Datta 1998), and information science
{Wong and Yao 1993). Automated goal elicitation has been
widely discussed in the expert systems literature (Diederich
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and Linster 1989), and probably the richest current tech-
nology for automated questioning of computer system users
can be found in descriptions of medical systems for symptom
elicitation (Smith et al. 2000). Given this prior work, initial
progress in the suggested directions could be rapid.

Perhaps more interesting are the capabilities gained from
these functional modules. The obvious extension from the
work described in this paper is the elicitation of goal infor-
mation and its presentation with retrieved narrative so that the
information is made more comprehensible and memorable.
However, indexing and retrieval by goal permits types of
analysis that are difficult now but which have very significant
benefit. Consider the ability of a manager to query a text-
based thread (of e-mails) on an international financial project
by goal and find that significant effort was being expended on
“trying to finalize transactions before the French banks
close.” Many problem areas and process bottlenecks are
immediately visible by scanning the intentions for actions, as
managers who mine customer relationship management data-
bases have found (Lariviére and Van den Poel 2004). The
same type of query could expose (for example) misallocations
of effort in a programming project where many design deci-
sions were linked to the activity goal “to minimize storage” in
a project where storage had ceased to be an issue due to
hardware changes.

Implications for Research

The implications of the results of this study for research are
broader than for practice to the degree that the results suggest
a new information presentation research stream on narrative
presentation based on a generalization of our research model.
We have redrawn Figure 4 as a generalization of Figure 2 to
illustrate some of the possibilities for future research in this
area. Our empirical results suggest this is a rich area of study
offering substantial benefit to practice and academic under-
standing alike, as well as one that is virtually untapped.

In addition to goal information (why an action is taken), prior
comprehension research implies additional aspects of narra-
tive could significantly affect decision making. They are
actors (who), activities (what is being done), temporal infor-
mation (when), and means-ends (strategic information). Like
goal information, these aspects of a problematic situation are
often implied rather than explicitly stated by those closest to
a situation (the domain experts) and so are missed or ignored
by systems consultants. Mode of presentation, for example,
flat (extended narrative) or hierarchical (synopsis hyperlinked
to supporting detail), is also a potential area of investigation.
Also, the cognition phase of Figure 4
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Information Presentation
Factors

Cognition

Decision Quality

Decision
Confidence

Narrative Aspects {content):

who, what, when, how
Presentation Modes :

Fiat (extended narrative} or
hierarchical — synopsis with

Decision Phases:
Problem formulation
| Problem resolution

Comprehension

h 4

hyperlinked detail

I Figure 4. Narrative Presentation Research Model

Soiution Count

Recalii

makes clear that both the problem formulation and problem
resolution phases of decision making can potentially be
enhanced by content and mode of text presentation and thus
each constitutes a separate subject for empirical investigation.

Qur study, in and of itself, generalizes to a number of systems
of interest to information systems.

1. Conmmercial information systems that capture narrative
information for decision support, such as lessons learned
systems (Weber et al. 2001), text mining repositories
(Callaghan 2003), business intelligence gathering tools
(Betts 2004), and other knowledge management systems.
None of these tools currently elicit, store, or use goal
information {including, potentially, goal information as
an index to that information).

2. Design rationale systems for automatically documenting
system development decisions. Several researchers have
long suggested benefits from the explicit eliciting of goal
information. However, many DR systems do not expli-
citly capture this information (Potts et al. 1994).

3.  Requirements elicitation processes. Many manual re-
quirements elicitation methods currently elicit goals for
processes (Browne and Rogich 2001); however, others
do not (Anton and Potts 1998), or do so only indirectly.
We are aware of no automated requirements elicitation
support systems with provision for goal elicitation and
storage.

4. Automated workflow management systems. No workflow
automation systems, either commercial systems or
research prototypes, elicit and include rationale for
documenting formal logic-based process descriptions.

IS design researchers (Hevner et al. 2004) would find
challenging projects in the design and validation of any of the
five narrative-goal subsystems mentioned above in the
“Implications for Practice” section. Since the research model
for this study (Figure 2) has been substantially validated,
experimentalists could derive testable hypotheses from any of
the dependent variables in the existing model or from
extending that model based on its sources in reading compre-
hension research, hypothesis and choice research, and quali-
tative decision making research. Researchers who prefer field
work could provide rigorous follow up and extension studies
to the industry initiatives exploring beneficial aspects of
narrative in organizational communication’ and textual
analysis of the WWW *

"From the Knowledge Socialization Project at IBM Research (hitp://warw.
research.ibm.com/knowsoc/). The site includes an overview white paper,
project goals, multiple presentations, and research papers. Accessed July 29,
2004.

%From the IBM Almaden Research Center WebFountain™ (http:/fwww.
almaden.ibm.com/webfountain/). The site includes an overview white paper,
project goals, multiple presentations, and research papers. Accessed July 29,
2004.
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Research into the fypes of information that are best encoded
and communicated as narrative, research into the confent of
narrative for most effective information transfer, and research
into the synergy between narrative information presentations
and formal information presentations are obvious extensions
of this study. Since narrative descriptions of business pro-
cesses are the foundation of most IS development as well as
the basis for much management decision-making, research in
narrative comprehension is applicable to both the develop-
ment of information systems and the understanding and
effects of information systems in organizations.

We plan to extend this study in two directions: (1) to explore
the synergistic effects of narrative used in conjunction with
formal techniques for programmer-level specification of
function (see Kim et al. 2000; Storey et al. 1999), and (2) to
explore the synergistic effects of narrative used in conjunction
with formal techniques for communication of high-level
requirements between multiple stakeholders in large scale
system development projects (see Browne et al. 1997; van
Lamsweerde 2000; Weiser and Morrison 1998).

Conclusion

This study has begun to lay an empirical foundation for
quantitative improvement of decision support from text-based
knowledge capture and management systems. The general
model of information presentation research was specialized to
an investigation of the effects of a specific aspect of text
presentation on decision factors. Our study demonstrated
substantial benefit from the presentation of explicit goal
information in narratives. The results of the experiments
specifically demonstrate the potential value to 1S researchers
of extending this study to the myriad other aspects of
computer mediated text presentation. Given the enormous
and growing quantity of computer generated and mediated
textual material, research results from this stream translate
readily into benefits for practice.
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