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Abstract

Explanation facilities are considered essential in facilitating user
interaction with knowledge-based systems (KBS). Research on
explanation provision and the impact on KBS users has shown that
the domain expertise affects the tvpe of explanations selected by the
user and the basis for seeking such explanations. The prior
literature has been limited, however, by the use of simulated KBS
that generally provide only feedback explanations (i.e., ex post to
the recommendation of the KBS being presented to the user). The
purpose of this study is to examine the way users with varving levels
of expertise use alternative types of KBS explanations and the
impact of that use on decision making. A total of 64 pariner/
manager-level and 82 senior/staff-level insolvency professionals
participated in an experiment involving the use of a fully functioning
KBS to complete a complex judgment task. In addition to feedback
explanations, the KBS also provided feedforward explanations (i.e.,
general explanations during user input about the relationships
between information cues in the KBS} and included definition type
explanations (i.e., declarative-level inowledge). The results show
that users were move likely to adhere to recommendations of the
KBS when an explanation facility was available. Choice patterns in
using explanations indicated that novices wused feedforward
explanations more than experts did, while experts were more likely
than novices to use feedback explanations. Novices also used more
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declarative knowledge and initial problem solving type explana-
tions, while experts used more procedural knowledge explanations.
Finally, use of feedback explanations led to greater adherence to the
KBS recommendation by experts—a condition that was even more
prevalent as the use of feedback explanations increased. The results
have several implications for the design and use of KBS in a
professional decision-making environment.

Keywords: Explanations, explanation use, knowledge-based
systems, expert systems, intelligent systems

Introduction I

Knowledge-based systems (KBS) and other forms of intelligent
systems are frequently used to capture key knowledge and expertise
from individuals within an organization. They make organizational
knowledge usable by other decision makers (Gregor and Benbasat
1999; Hayes-Roth 1997). While intelligent systems have not lived
up to expectations (Duchesst and O’Keefe 1992), organizations
continue to believe KBS can enhance organizational effectiveness
(Gill 1995; Gregor and Benbasat 1999; Wanninger 1998).
Accordingly, researchers have focused on methods for improving
the usability of KBS through enhanced designs, such as integrating
explanation facilities {Armold et al. 2004a; Dhaliwal and Benbasat
1996; Gregor and Benbasat 1999).

Explanations are generally considered essential to facilitate user
interaction with a KBS (Swartout 1987). They can facilitate use of,
and reliance on, a system by a decision maker if the system can
build user trust and perhaps cven “argue” its recommendation.
Long-term trust of a system is developed through quality output, but
short-term trust comes from the system’s ability te explain the
rationale underlying its recommendations (Swartout 1983; Ye and
Johnson 1995). As a result, explanations have become a core
component of most KBS designed for use by professional decision
makers (Hayes-Roth and Jacobstein 1994; Mao and Benbasat 2000).

Substantive research has taken place on developing alternative
explanation types (for an overview, see Dhaliwal and Benbasat
1996), understanding different users’ preferences for alternative
explanation types (Hsu and Steinbart 1997; Ye and Johnscn 1995),
and understanding how various users navigate and integrate KBS
explanations (Mao and Benbasat 2000). Nonetheless, Dhaliwat and
Benbasat (1996) note that little is known about the behavioral effects
of the use of KBS explanations due to the paucity of research
examining KBS use as a decision aid for user judgments in working
situations. Researchers within the domain have widely noted the
specific need for research examining the effect of KBS on decision-
maker performance (Dhaliwal and Benbasat 1996, Gregor and
Benbasat 1999; Hsu and Steinbart 1997; Mackay and Elam 1992; Ye
and Johnson 1995).

This study examines the ways in which users with varying levels of
expertise use alternative types of KBS explanations and the impact
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of such use on users’ judgments. Prior research has studied the use
of various subsets of explanation types by KBS users of varying
knowledge levels. This study examines how professionals with high
levels of task experience use a KBS that has a full range of
explanation types (i.e., definition, rule-trace, justification, and
strategic) and delivery modes (i.e., feedforward and feedback) to
provide various levels of knowledge assistance (i.e., declarative,
initial problem solving strategy-based, and procedural level).

Understanding how professional decision makers with varying levels
of expertise use KBS explanations when a full range of options are
available and how this usage impacts their judgments is important
for organizations considering design and deployment of KBS. Prior
research has demonstrated that the type of explanations selected by
users differs based on available options. Further, Gregor (2001)
notes that, other than her study, research on KBS explanation use
has not employed fully functional systems that would likely engage
the user and affect usage behavior, and that no prior studies have
examined explanation use within a cooperative problem-solving
environment (as is normally found with KBS use by professionals).
Additionally, prior KBS studies have not used professional decision
makers to make high-level, complex judgments, limiting the
understanding of how KBS are used and the related impact on
decision making processes for systems deployed in corporate
environments,

The research reported in this paper contributes to the growth of
empirical research on KBS explanations in three ways, First, it is
grounded in the basic findings that novices and experts perform
differently in explanation use and inference for judgment formation.
To assure expertise is reasonably captured, 64 partner and manager
(expert} and 82 staff and senior (novice) insolvency practitioners
from major professional services firms participated in KBS training
sessions that concluded with the completion of an extensive case
analysis. Second, two fully functional KBS for insolvency decision
making were used (one with and one without explanations) during
the training and experimental sessions to examine the effect of the
explanation facility on user judgments. One group used the original
version of the software (no explanation facility) and formed the
baseline used for comparison. The second group used the expanded
version containing a fully functional explanation facility. This
allowed participants to become engaged with the KBS through both
the data input and recommendation processes of the aid. For parti-
cipants with the explanation facility-enabled version, access to
explanations was available during data input as well as during
recommendation evaluation. By comparing the information pro-
vided by the group using the KBS without explanations with the
group using the KBS with explanations, the impact on decision
making can be narrowed down to just the impact of the explanation
facility. Third, all user input and interactions with the KBS were
iraced via a replay process tracing facility (Arnold et al. 2001).
Information was gathered on participants’ judgments and explana-
tion type, mode, and knowledge components; this was done without
interfering in the decision-making processes through an experi-
mental intervention such as protocol analysis. The goal of the
design is to focus on the actual theory-in-use by experienced
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professionals rather than focusing on what such professionals may
report as their espoused theory because the two often are
incongruent (Argyris and Schdn 1974).

The remainder of this paper consists of the following sections. The
first integrates the research with extant theories and provides a
conceptual basis for the hypotheses. The second section presents the
experimental design, and the third section presents the results. The
fourth and final sections document the implications of the results for
management practices and future research and the limitations of the
study.

Theory and Hypotheses
Development I

To understand the impact of explanations on decision making when
using a KBS, several dimensions must be considered. First, the
issues related to design and use of explanation facilities are
important to judgment processes. Second, the various factors that
impact overall usage of KBS explanations will also impact a user’s
propensity toward use of and adherence to recommendations
provided by a KBS. Third, the user’s expertise may impact the
types and number of explanations accessed, as well as adherence to
recommendations. Figure 1 provides a schematic of the theorized
impacts of expertise, explanation mode, explanation knowledge
cormponent, and short-term leaming on decision-making processes.
While other effects beyond the scope of this study may occur, the
effects of particular interest in the current study are the belded items
in Figure 1.

Fundamentai to understanding the impact of KBS explanations on
decision-making processes is the recognition that the provision of
different explanation types (definition, rule-trace, justification, and
strategic) in alternative modes (feedforward versus feedback) fulfill
the need for different levels of knowledge support. Dhaliwal and
Benbasat (1996) provide the original theoretical basis for integrating
feedforward/feedback modes with different explanation types. Their
model prescribes six forms of explanation combinations based on
feedforward versus feedback mode across the latter three types of
explanations (rule-trace, justification, and strategic).? Arnold et al.
(2004a) expand on these six forms of explanation to include the
other two combinations: feedforward/definition and feedback/
definition. They also describe how to access explanations through
a flexible hypertext system which, in particular, enables access to
feedback explanations for all the subgoals as well as the final

*These three types have been categorized as process #ype explanations in
some prior literature.

SDeﬁnition—type explanations have also been referred to as answer help or
terminological in some prior literature.
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recommendations in the system.* Arnold et al. (2004a) present a full
instantiation of the eight explanation forms embedded within a
working KBS. Figure 2 provides a specific description of each
explanation type in feedforward versus feedback mode and
aggregated by component knowledge levels (declarative, initial
problem solving, and procedural}.

The model presented in Figure 1 aligns closely with the theory
provided by Gregor and Benbasat (1999), particularly with the
following propositions:

+  Explanations wiil be used when the user lacks the knowledge
needed to contribute to problem solving. The knowledge could
be definitional knowledge or knowledge of a problem solving
procedure (i.e., use of feedforward as a means of declarative
and initial problem solving level knowledge acquisition).

+  Novices will use explanations for learning (short- and long-
term) more than experts (i.e., use of feedforward as a means of
declarative and initial problem solving level knowledge
acquisition).

+  Experts are more likely than novices to use explanations for
resolving anomalies (disagreement) and for verification (i.e.,
feedback as a means of assessing procedural level knowledge).

The key is to examine these propositions within the context of a
decision-making scenario where the behavior of the decision maker
can be observed while working in a cooperative problem solving
mode with the system,

Judgment Effects

From a design perspective, Ye and Johnson (1995) make the case for
using Toulmin’s (1958) model of argumentation as a foundation for
developing rule-trace, justification, and strategic explanations. They
study use of these explanations in a feedback mode through a
simuiated KBS and find evidence to support their case. Gregor and
Benbasat also support use of Toulmin’s model of argumentation in
developing explanations for use in KBS, The basis for the model is
to provide a clear argumentation strategy: when “listeners™ hear a
cognitively appealing rationale, they will be more convinced that the
position argued is correct.

*Feedback explanations are optionally accessible through hypertext links
prior to a recommendation by INSOLVE (the KBS used in this research). As
such, feedback explanations do not always report how recommendations were
made; rather they describe subprocesses by which recommendations are
formulated. This generalizes the nature of feedback explanation compared
with much prior research where they can only be accessed after a
recormmendation is reached.
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Figure 1. Research Model

While Toulmin’s model of argumentation is intended to convince
users of the correctness of the KBS’s recommendation, novices are
more likely to be convinced than experts. This expected effect on
novices is consistent with the theory of technology dominance
(Arnold and Sutton 1998), which posits that novices who have a
limited capability to make a judgment within a given domain will be
highly likely to rely on the recommendations of a KBS with or
without explanations. The theory implies that the KBS, rather than
the user, dominates the decision-making process. The impact on
expert users is less clear. The theory posits that a KBS will
influence an expert’s decision, but an expert may not adhere to the
recommendations of the aid. Rather, the theory advocates use of
cooperative problem-solving systems that allow the user and KBS
to interact and share control of the decision-making process. Evi-

82 MIS Quarterly Vol. 30 No. 1/March 2006

dence of such novice and expert behavior has been found in recent
studies (Ammold et al. 2004b; Masselli et al. 2002; Noga and Amold
2002). The presence of explanations should enhance the impact of
a KBS on experts’ and novices’ decisions. Moreover, if structured
around Toulmin’s argumentation model, the KBS will provide
stronger argumentation in support of recommendations. Thus,
successful implementation of a Toulmin-based explanation facility
should also pull both novice and expert decision makers’ judgments
toward the KBS’s recommendation. This leads to the first
hypothesis.

HI: KBS users will be more likely to adhere to the recommendation
of a KBS when explanations are provided.
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~-WDeclarative Level Know ledge

Explanation
Type Feedforward Explanations Feedback Explanations
For each information cue or question, a feedforwarg When reviewing a conclusion and its rationale, a
definition explanation provides an elaberaticn of the feedback definition provides an elaboration of
Definition terminclogy used. This may draw on dictionaries, the terminclogy used. Definition explanations
standards, expert insights, and examples relevant to take the same form regardless of presentation in
the intent of the infermation cue ar question. feedforward or feedback mode.
These explanations are straightforward, natural- When reviewing a conclusion or recommendation, a
language representations of knowledge fragments feedback rule-trace provides a straightforward, naturai-
{rules) in terms of the relationships between com- language representation of the rule in terms of the
Rule-trace ponent information cues that make up the rules. If procedure that is used tc combine the component
a user asks why information is needed, the KBS information cues {o establish a vaiue for the conclu-
provides an explanation for all the rules that use the sions or recommendation. Any available values for the
information cue in formulating a conclusicn or component information cues and conclusions are also
recommendation. disclosed.
These explanations amplify rule-trace explanations A feedback justification provides 2 rich description of
by supplying causal or other relevant infarmation the rationale for the procedure that is used to combine
and examples that form the basis for knowledge the component information cues to estabilish a value
Justification fragments. Such additional information may have for the conclusion or recommendation. Any available
been acquired during the knowledge-acquisition infarmation cues and conclusions are also disclosed.
process or from a subssguent information gathering As such, feedback justifications should provide a well-
and synihesis process. reasoned and compeilingly argued case for the
reasoning performed by the KBS.
These explanations describe the problem solving A feedback strategic explanation enables a KBS to
. method used by the KBS. With feedforward explain the problem-solving methed that has been
Strategic strategic explanations, a user shouid be able to used in any processing already completed to derive
surmise how a KBS solves problems and derives its the conclusions or recommendations provided by the
recommendations. system in a specific case.
v v

Initial Problem Solving $trategies

Procedural Level Knowledge

Figure 2. Explanation Combinations

Feedforward Versus Feedback
Explanation Usage

Several factors that appear to impact cxplanation preferences and
usc arc also likefy to affect decision making outcomes. One
common attribute of interest in prior studies has been expertise
(Gregor and Benbasat 1999). While Ye and Johnson did notdircetly
examine expertise, they did examine their data for ditferences
between experts and novices in post hoc tests. While the overall
group of participants in that study preferred explanations that
provide the rationale for a KBS’s recommendation, the small subset
of expert participants sought explanations describing how the
decision aid used the underlying data to make a recommendation.
Subsequently, Mao and Benbasat (2000) focused on expert versus
novice differences in using and processing explanations, They
anticipated that the substantial differences in cognitive structures
and processes used by experts versus novices would carry over to
use of a KBS. Their results confirmed their expectation that novice
users focused heavily on explanations that aided in understanding
the reasoning process. On the other hand, experts who lacked
confidence in their own concurring judgment tempered such usc
with a similar interest in verifying the system’s recommendation. A
major theoretical contribution of their work was that domain
expertise could influence explanation use.

Multiple dimensions can explain the differences between novice and
expert users. Atitsbasic level is the mode of delivery: feedforward
versus feedback. Feedforward refers to declarative explanations and
feedback refers to procedural explanations that are typically pro-
vided after a recommendation (Dhaliwal and Benbasat 1996). A
fecdforward explanation is described as declarative because it pro-
vides an explanation about how inputs to a KBS are used in terms of
relevant information cues and their relationships. Conversely, a
feedback explanation is tailored to describe processing in terms of

how a decision was made, not made or remains unknown,
with additional disclosures of the case-specific values of
any dependent infotmation cues that led to the current
state of the decision. In particular, if one line of reasoning
led to a decision being made, then only that line of
reasoning will be reported in a feedback explanation;
unsuccesstul lines of reasoning will remain undisclosed
(Amold et al. 2004a, p. 10).

Dhaliwal and Benbasat theorize that while novices will be more
likely than experts to access explanations, they will focus primarily
on fcedforward explanations that provide the requisite declarative
knowledge and initial problem-solving sirategies necessary to
understand the decision-making task modeled by the KBS. Feed-
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forward explanations assist users to understand why the KBS is
requesting certain information and how that information will be used
by the system to make recommendations. Hence, feedforward
explanations assist users with limited knowledge in a domain to
understand better a KBS’s queries and to respond to these queries
with higher-quality inputs. Conversely, as noted earlier, experts are
expected to use more feedback explanations as they atternpt to
understand how or why a KBS produced a given recommendation.
This perspective is consistent with Gregor and Benbasat’s propo-
sitions predicting that novices will pursue feedforward explanations,
and experts will use explanations more for resolving anomalies and
for verification (ie., feedback). Similarly, Argyris and Schén
(1974) suggest that experienced professionals become reluctant to
accept a theory of action that differs from their own and will
question the inconsistent theory with which they are presented.
Given a recommendation from a KBS that is inconsistent with the
decision that the experienced user would make, the user should
pursue feedback explanations to reconcile why the contrary recom-
mendation was made. This leads to the second and third hypotheses.

H2: When using a KBS with explanation facilities, novices will
choose more feedforward explanations than experts.

H3: When using a KBS with explanation facilities, experts will
choose more feedback explanations than novices.

While Dhaliwal and Benbasat emphasize the importance of
feedforward and feedback explanations, the empirical literature has
focused on feedback. For instance, Mao and Benbasat (2000) note
that feedforward explanations are not generally available in existing
KBS; therefore, their experimental study examined only output (i.e.,
feedback) explanations. Similarly, Ye and Johnson examined
whether explanations would convince users to accept the system’s
recommendation and used a simulation of a working KBS. The
KBS generated a recommendation and then made one or more of
three feedback explanation types available to users. Because users
did not input data into the system, feedforward explanations were
deemed unnecessary.

Only two published studies have addressed feedforward explanation
provision empirically. Mao and Benbasat (2001), in an extension of
their earlier study, provide evidence for the impact of domain
knowledge on the use of explanations, finding limited support for a
differential effect of expertise on the use of feedforward explana-
tions. Gregor (2001) provides definition explanations in a feed-
forward mode and finds that individuals using a personal financial
planning KBS access such explanations when available during the
input process.

Alternative Knowledge Level
Explanation Usage

The knowledge component supported by alternative iypes of
explanations and the user’s expertise are perceived to interact and

84 MIS Quarterly Vol 30 No. 1/March 2006

influence decision makers’ use of explanations. Indeed, one
potential benefit from KBS explanations is the transfer of knowledge
from KBS to user—not just as a teaching tool, but to facilitate use
of the KBS (Dhaliwal and Benbasat 1996). Such knowledge in KBS
research generally consists of declarative and procedural compo-
nents (Anderson 1993). Lamberti and Wallace {1990) find that low-
skilled users are more satisfied with declarative explanations, while
Dhaliwal and Benbasat suggest that more-experienced users are
more interested in how and why decisions are made (i.e., more
procedural-level knowledge). Mackay and Elam (1992) note the
need for researchers of KBS to be more attentive to learning,
particularly from a working perspective (i.e., a KBS used to aid in
decision making).

The foundation for the expectation that novices prefer feedforward
and experts prefer feedback explanations is based on Anderson’s
{1993) ACT-R theory of learning. Anderson theorizes that expertise
ig formed by combining declarative- and procedural-level knowl-
edge and develops in a three-stage process. The first two stages
relate to declarative learning. The first stage is the acquisition of
declarative knowledge (knowledge of facts represented through
definitions); and the second stage is the acquisition of general rules
for “how to” knowledge represented as initial problem solving
strategies. The third stage leads to procedural learning and entails
the development of procedural knowledge through cyclically
applying and then refining initial problem solving strategies through
experience and observation (i.e., development of usable how-to
knowledge). These three stages of learning are similar to the life
cycle of learning put forth by Kolb (1984), who suggests a learner
first secks to understand basic facts and objective rules, before
pursuing interpretive skills on more subjective information and
finally achieving a consistency in decision making through refined
interpretive skills.

In applying ACT-R theory, various forms of explanations facilitate
the transfer of cach knowledge component to support each of the
three stages in the learning process, including learning for working
processes (i.e., Mackay and Elam’s view of supporting learning
during actual KBS use for snccessful task completion). Overlaying
ACT-R’s learning process on the eight forms of explanation
provision infers that as novices attermpt to understand a decision
making task modeled by a KBS, they would first turn to definition
explanations to acquire declarative knowledge. As a declarative
knowledge foundation is established, novices wiil additionally seck
non-definitional feedforward explanations to facilitate an under-
standing of the procedural processes (i.e., initial problem-solving
strategies). As decision makers develop more expertise, they will
turn to non-definitional feedback explanations that explain how a
KBS derived a conclusion to resolve any perceived anomalies
between the KBS and decision makers’ own procedural knowledge
base. From an ACT-R perspective, this focus on procedural
knowledge-oriented explanations occurs as more-expert decision
makers attempt to reconcile recommendations from the KBS with
their own preferred solution. The reconciliation between the two
solutions should lead users to examine the underlying problem
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resolution strategy of the KBS and compare it with their own
applied problem-solving strategies to resolve conflicts and/or refine
their own probiem solving strategies. Consistent with Dhaliwal and
Benbasat, novice users with littie domain knowledge are expected
to pursue explanations that provide declarative knowledge (i.e.,
definition explanation type). After acquiring declarative knowledge,
novice users are also expected to show a preference for explanations
that provide initial problem-solving strategies (i.e., feedforward rule-
trace, justification, and strategy explanations). Experts are expected
to prefer procedural knowledge (i.e., feedback rule-trace, justifi-
cation, and strategy explanations). All three conditions are
consistent with the theory provided by Gregor and Benbasat. This
leads to the fourth, fifth, and sixth hypotheses.

H4: When using a KBS with explanation facilities, novices will
choose more declarative knowledge explanations than experts.

H5: When using a KBS with explanation facilities, novices will
choose more initial problem-solving strategy-based explana-
tions than experts.

H6: When using a KBS with explanation facilities, experts will
choose more procedural knowledge explanations than novices.

As noted earlier, the theory of technology dominance (Amold and
Sutton 1998) posits that novices will tend to defer to a KBS due to
the relative expertise of the KBS, while experts are less likely to rely
on it. The theory suggests that a cooperative problem-solving
approach between an expert user and KBS should lead to better
deciston making (for empirical support of the theory, see Arnold et
al. 2004b; Masselli etal. 2002; Noga and Arnold 2002). The theory
is premised on the belief that a well-constructed KBS can provide
peer-level advice for the user and help influence the user’s decision-
making processes in a positive manner.

The theory underlying explanation design suggests that much of the
influence of a KBS on experts” decision-making processes is based
on the clarity of argumentation and strength of the explanation.
Additionally, the more explanations that a user views, the more
convincing the argument should be. Recall that expert decision
makers theoretically prefer feedback explanations (Dhaliwal and
Benbasat 1996) and choose to use available explanations when they
perceive an anomaly in the KBS recommendation. This is also the
stage in decision making where Arnold and Sutton (1998) theorize
that a KBS may enhance an expert’s judgments. Thus, for explana-
tions to be effective with experts, the argumentation must be
effective (i.e., based on use of Toulmin’s model for explanation
development), they must be motivated to view the explanations, and
their judgment should shift toward the KBS recommendation.
Accordingly, compared with experts who do not access explana-
tions, experts who access explanations are expected to render deci-
stons more consistent with the KBS recommendation. Moreover,
the more explanations experts view, the more convinced they should
be by the argumentation. The next hypotheses are formally stated
as follows:

Arnold et al./Explanations in Novice & Expert Judgement Decisions

H7: Experts whouse feedback explanations when using a KBS with
explanation facilities will be more likely to adhere to the
recommendation.

H8: Experts who use a KBS with explanation facilities wiil be
increasingly likely to adhere to the recommendation as the
number of feedback explanations viewed increases.

Research Method NN

A between-subjects design was implemented using two treatment
conditions to test the eight hypotheses. An insolvency case was
used in both treatments with a total of 80 insolvency professionals
having access to a KBS without an explanation facility in the first
treatment and 66 professionals having access to the same KBS with
the addition of an explanation facility in the second treatment. The
two treatments were used to test the differential effect of the
availability of explanations in a KBS forming the experimental
manipulation (no explanations versus full explanation capability) for
HI1.

A between-subjects design was also used for H2 through HS, but
only using data from the participants in the second treatment (i.e.,
full explanation capability available). H2 through H6 examine the
differential use of altemative explanation categories (feedforward,
feedback, declarative, initial problem solving, and procedural) based
on expertise level (novice versus expert). H7 and H8 focus on the
expert subset of the sample to examine the differential impact of
feedback explanation usage (use versus non-use of feedback
explanations) on experts’ judgments.

Participants

All participants were experienced insolvency professionals from
large professional services firms located in either Sydney or
Melbourne. The professionals ranged in experience from junior-
level staff (1.e., staff and seniors) to senior-level staff (i.e., partners,
directors, and managers). The experiment was held at participating
firms” offices as training sessions. The purpose of the training
session was to introduce the participants to INSOLVE and its
potential usability as a high-level KBS to support complex decision-
making processes. Professionals’ participation was based on
availability during the time period in which the training session was
being held at a given firm’s offices. A partner in each firm sent
advanced notice of the session to potential participants requesting
their participation.

In each session, all participants were provided with hands-on
training with the same version of INSOLVE (i.e., no explanations
versus full explanation capability). Because groups rather than
individuals were assigned to treatments, it was not possible to
balance out the number of participants randomly assigned to each
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experimental cell (e.g., a two-by-two design with expert versus
novice and no explanations versus full explanation capability).
Firms that provided a different number of participants than planned
exacerbated the imbalance between novices and experts. In
addition, one office notified the experimenters the night before the
scheduled training session that none of the participants would be
available for the session because they had just been called out on a
major insolvency case. Nonetheless, 80 insolvency practitioners (43
novices and 37 experts) participated in the “no explanations
available KBS” treatment, and 66 insolvency practitioners (39
novices and 27 experts) participated in the “full explanation capable
KBS” treatment, Table 1 shows demographic information on the
participants.

Experimental Task

Insolvency was selected for the experimental task of interest based
on three criteria: (1) a large number of insolvency professionals
make the same types of decisions; (2) the decisions require a high
level of expertise and the risk associated with poor decision choice
can be high; and (3) the task is complex and depends on subjective
judgment processes. These attributes are desirable because they
facilitate delineation of expertise between various participants and
provide a domain in which a KBS can serve a useful purpose for
both novice and expert decision makers.

Insolvency practice is prevalent in virtually all countries across the
world that evolved under British law and has existed for over a
century. It often involves a Chartered Accountant (CA) taking over
management of a company that is in financial distress and evaluating
the various alternatives for the company’s future. In many cases,
this may require immediate liquidation, In other cases, the CA may
decide that the best return for creditors and other stakeholders can
be obtained by keeping the company in business. This latter case is
referred to as “trading-on™ the company. 1t may continue until either
(1) the business can be sold as a going concern or (2} management
of the company can be returned to its directors.

The insolvency case was based on one developed by King (1988} for
use with experienced accounting professionals making a going-
concern decision. The factors of interest to an auditor in a going-
concern decision are similar to those considered by insolvency
professionals. The case was substantially modified to fit more
closely to the insolvency enviromnent and to balance as closely as
possible the positive and negative information. This balance of
evidence should allow the decision maker to be able to justify either
a decision to hiquidate or trade-on. The case was pretested with an
insolvency partner, one insolvency senior, and a faculty colleague.
The case was again revised and pretested a second time by an
insolvency partner and manager, this time using the KBS that was
later used in the experimental sessions. Supportive feedback from
the insolvency practitioners on the realism and appropriateness of
the case resulted in this version of the case being applied in all
experimental conditions.
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The case materials comprised three sets of information used in a
sequential decision-making environment. The initial set of infor-
mation consisted of a complete set of financial statements along with
baseline data about a company in financial distress. Afterreviewing
this initial information, participants provided a likelihood estimate
that they would elect to continue trading-on the company.
Participants then progressed sequentially to the second and third sets
of data. To increase the realism of the case, participants were
informed that two different staff members had been given the
responsibility to seek the additional evidence—one collected data
supporting liquidation and one collected data supporting a trade-on
(continue operating the company). Participants provided a revised
likelihood estimate of continuing to trade-on after reviewing each
additional set of information. The information was split into three
sets, in part to reduce the cognitive load that could be overwhelming
given the complexity of an insolvency decision. Further, an
insolvency decision is a recurring decision that is made constantly
throughout an insolvency engagement with a reversal of plans
possible at any time as additional information becomes available.

Experimental KBS: INSOLVE

The KBS selected for use in the experiment was INSOLVE,
INSOLVE was originally designed to replicate the decision-making
processes of expert insolvency practitioners (Collier et al. 1999;
Leech et al. 1998, 1999). It was the product of a 4-year project
funded by the Australian Research Council and the Institute of
Chartered Accountants in Australia (IT Chapter). In all, 23
insolvency experts were used to develop the knowledge acquisition
phase of INSOLVE. The resulting cognitive model was validated
and refined based on the feedback of six of the experts and was sub-
sequently programmed into a working prototype. Formal validation
of INSOLVE was completed with 17 experts (6 of whom were not
invaolved in the knowledge acquisition phase). INSOLVE received
high scores for validation. (For a complete discussion of the
development and validation of INSOLVE, see Collier et al. 1999,
Leech et al. 1998.)

The model is designed to be a collaborative KBS for use in
cooperative problem solving where the KBS periodically exchanges
control with the user. The user is required to enter both qualitative
and quantitative estimates at various stages for the KBS to work
effectively and may also adjust the weightings for different factors
in the knowledge base. Figure 3 provides two examples of input
screens that arise in the course of entering data on the user’s initial
impressions of the client’s financial situation. Once the user enters
the command turning control over to the KBS, INSOLVE prompts
the user for additional informatien that would be useful before
formulating a recommendation and providing a brief report
(generally about two screens in length) on the selected recommen-
dation. Figure 4 displays a conselidation of a sample two-screen
report generated by INSOLVE. At any point, the user can add or
change the information input into the system and request a new
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Table 1. Participant Demographic Information

Full Explanation
Capabllity No Explanation
Variable Available Group Available Group Combined

Number of Participanis:

Staff/Seniors 39 43 82

Managers/Partners/Directors 27 37 64
Total 66 80 146
Agein Years

Staff/Seniors 26.18 25.67 2591

Managers/Partners/Directors 35.11 35.58 35.38
Insolvency Experience in Years

Staff/Seniors 3.48 3.67 3.58

Managers/Partners/Directors 1212 10.26 11.04
Primary Decision-Making Responsibility

Staff/Seniors 8.87 218 5.35

Managers/Partners/Directors 66.58 68.19 67.51

Wolurt pee Ddroctor

o | Canenl |

Waights | | Propwms| Halg |

Figure 3. Sample Input Screens from INSOLVE KBS

recommendation. In summary, INSOLVE is a high-level, reliable
KBS and is representative of an advanced-level KBS desirable for
practice.

The Australian Research Council provided additional funding to
develop a fully functional explanation facility within INSOLVE.
The explanation facility was built using the large reservoir of
residual elaborations from the knowledge acquisition phase of

INSOLVE. This rich residual data includes elaborations about
relevant factors, knowledge fragments, and process fragments that
are ideal for creation of definition and justification explanations (see
Figures 5 and 6 for examples). Rule-trace explanations simply
represent an explicit rendering of the rules and other procedures in
the underlying knowledge base (see Figure 7 for an example).
Strategic explanations are based on the underlying task structure of
INSOLVE: each recommendation in INSOLVE has an associated
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insolve’s Recommendations
Warnings

Immediate Actions

INSOLVE cannol racommend a hand back now bacause the
trading path reconstruct and hand back is not recommended
for the reasson sxplainad balow

INSOLVE cannal recommeEnd selling the business now Changes
ne&d to be made to the busingss such that some of the following
canditions axist

1) The realisation value is less than the going concerm valug

2) The resalistic trade on value 15 less than the going concem valus
3) Stakeholders whose support is necessary to continue trading
want ther return immediately

Paths for continued trading

INSOLVE cannot recommaend the reconstruct and hand back
path 3! this time. Changes need to be mada to the business such
that all the following conditions exist

13 The business could become viable

2) The current Directors have the supporn of trade creditors

3) The curremt Directors have the suppan of secured creditors

4) The business has the support of stakeholders whose suppon is
necessary 1o cantinue trading

Because you have stated that some buyers are likely to emerge
and that the return to the creditors will be greater by salling it as a
going concem in the future rather than selling off the assets of the
businese now and that the businezs has the necassary
stakehalder support to continug trading and that the business is
viable, INSOLVE recommaends the enhance/preserve sale
value path,

Figure 4. Sample Report Generated by INSOLVE KBS (Consolidation of Two Screens)

Delimbon Product satizlaciong

Is the fserice of the company of sufficient quality to
satisfy customer needs? This is especially relevant if the
product is in demand by a single main customer

Does the product/semnice have a clear market niche?

Are sales are increasing or can be incressed, and are thay
profitable?

Figure 5. Definition Explanation in INSOLVE
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Justfy Pooduct satislactony

The business could be viable within @ proposed context when the following
conditions are satisfisd within that contaxl. (The financial projections could be
determined by & sensitonty analysis and validsted sgeinst pnor peformance in
histoncal data)

* the external enmvironment relevant to the business i conducie 1o success,
and

* the quality of the productservice provided by the company satisfies
customer needs and/ar has a clear market niche with sales increasing or with &
potential 1o be increased. This s espacially ralevant if the product is in demand by
a single main customer, and

+there is a positive cash flow prajection over the next 5-12 manths, and

+ analysis of profitablility over 6.12 months indicate that trading will be at
broak evien (sxcluding fees), &t least with a contribution margin that is positive, | &
without considering overhaads, and + (white rélevant) einployees are
wull-trained, eflective (especially in customer relations) and retainable or
puitabie additional/replacemant employses are available, and

« & portfoho of managemeni skills relevant 10 this businesa are svallable, (e
financial, strategic planning and leadership, marksting. techmcal, etafl relstions
These shoils can be sourced from:. existing directors;, & consullant or new staff.
existing management; other amployses; of tha insolency practitioner

Summary of how this infarmation is used.

Describe the problem solving sirategy.

Whyo Pioduct satislactory

The business is viable if the following conditions exist

* the product produced by the business has a future,
* the business has a good future cashflow,

* the business is profitable;

= the employee’s skill are sufficient

* the management's skills are ok

* the external environment of the business is ok

Provide a justification for this rule.

Describe the problem solving strategy.

Stategy Prribuct solislactmy

This task is concamad with estabhahing & valus for the conclusion: the
busness 1s viabhie.

This task iz followed by tasks to satablish whether to

« liquidate the business View Detalls

* trade on with the objective (o reconstruct and hand back View Dutalls
* Urade an with the objective (o enhance/precens sale value View Dotails

This task consists of a single rule that associetes & spacific circumstance
with the canclusion that the buginess is viable View detaills

Figure 8. Sample Strategic Explanations in INSOLVE
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Table 2. Number of Explanations per Explanation Type in INSOLVE

Explanation Type

Number of Explanations

Definition 144
Rule-Trace 325
Justification 322

Strategy 306

task, which has the purpose of establishing a value [or an inter-
mediate conclusion or final recommendation (see Figure 8 for
examples). Finally, Toulmin warranis fonn the basis for justi-
fication and arc based on “gencral examples” and “being told”
{Chandrasekaranetal. 1989). Table 2 shows the number of explana-
tions by type and mode that are embeddcd within INSOLVE.

Each explanation type (definition, justification, rule-trace, and
strategic) is available in both a feedforward and feedback mode.
Definition explanations take the same form regardless of presen-
tation in feedforward or feedback mode. For the other three types
of explanations, the text for the feedforward cxplanations describes
INSOLVE’s problem-solving knowledge in declarative terms (i.e.,
in terms of relcvant information cucs and their relationships). Feed-
back explanations are expressed in procedural terms and describe
how a recommendation is made (or why it is not made or remains
unknown), Consistent with Mao and Benbasat’s (2001) findings that
explanations are more likely to be accessed and more effective when
contextualized within the problem solving process, all explanations
are made available in INSOLVE via cither hypertext or through a
button located on-screen in the immediate proximity of the item to
be explained. {For a complete discussion of the development of the
explanation facility within INSOLVE, see Arnold ct al. 2004a)
While the number of access points depends on the user’s strategy in
using INSOLVE, an cfficient user might have approximately 60 to
65 different points of access displaycd while compleiing the casc.
Each access point provides linkage to each of the four types of
explanations either in feedback or feedforward mode (i.e., a total of
245 to 260 explanations). Giventhe nested nature of the explanation
facility links, a user could, in the most extreme situation, access all
1,097 explanations contained within INSOLVE.

Of course, the previously observed production paradox, where users
are more focused on working than on learning, would predict that

the actual number of explanations viewed will be low (Carroll and
McKendree 1987).

Experimental Procedure

The experimental procedure was embedded within a series of
training scssions that introduced the participants to INSOLVE and

90 MIS Quarterly Vol. 30 No. 1/March 2006

to the potential usability of a high-level KBS for supporting complex
decision making. The sessions began with a 20-minute introduction
to INSOLVE consisting of an explanation of the development
process, an overview of the system validation results, and instruction
on basic use of the KBS. The participants then completed a tutorial
using INSOLVE to generate a series of recommendations related to
a company in financial distress. For those participants using the
KBS with full explanation facilities, the tutorial also exposed the
participants to the types of explanations that appear in both a
feedforward and feedback mode. The purpose of the training from
an expcrimental perspective was to ensure user familiarity with the
KBS and to allow the user to go through an assessment of the
usability and value of the KBS prior to starting the actual
experimental case. This familiarity is considered a necessary
precursor to the willingness of experts to use a KBS in the decision
making process (Amold and Sutton [998). It is also important to
note that during the training session users begin to formulate
opinions as to the reliability and value of the system that, in turn,
will influence their trust and acceptance of the system.

After completing the tutorial and asking questions of the roving
instructors, participants completed the experimental case using
INSOLVE, While the focus of the scheduled training session from
the participants’ petspective was fo receive an introduction to
intelligent decision aids and how they could be used in the
insolvency decision domain, the focus during case completion was
on task performance and effective decision making. For the post-
training case completion, the participants were instructed to focus on
decision performance while using INSOLVE to the degree it was
helpful. A Tog of each user’s activity was maintained through a
“replay process tracing” facility that captured exact data entries,
options selccted (including explanation access), and time between
key cvents. (For a more complete description, see Arnold et al.
2001.)

The case materials were provided in three sealed envelopes clearly
labeled for their sequence of completion, The first envelope con-
tained the complete set of financial statements and baseline data for
the experimental case. After reviewing the information, participants
could optionally enter the information into INSOLVE to acquire a
recommendation—which all participants chose to do. After con-
sidering the feedback from INSOLVE, participants manually
recorded their likelihood estimates of trading-on (using a 0 to 100
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percent scale) on an attached response sheet at the end of the case
materials and placed the response sheet in the envelope. The same
process was rtepeated for each of the additional two sets of
information representing the additional evidence discovery from two
colleagues. Demographic information on each participant was
collected at the end of the case. The second and third envelopes of
additional evidence were randomized in order of presentation
between evidence supporting liquidation or evidence supporting
trading-on. This randomization of information was used knowing
that certain conflicting evidence would cause certain values to
change based on the most recently available information. This, in
turn, would cause the KBS to render different recommendations
(i.e., liquidate versus trade-on) in accordance with the last envelope
of evidence received. This controlled for the possibility that
insolvency practitioners might be more accepting of a trade-on
versus a liquidate decision (or vice versa) when engaging the KBS.
This experimental control mechanism minimized the possibility that
experimental results for H1 (effect of KBS explanations on user
judgment) might be driven by participants’ predisposition toward a
certain outcome.

Measurement of Dependent Variables

There are two key types of dependent variables: adherence and
explanation accesses. Adherence is measured based on the user’s
final likelihood estimate (0 to 100 percent) of liquidating the
company versus the recommendation provided by INSOLVE. The
recommendation provided by INSOLVE was either liquidate (0) or
trade-on (1).°

Accesses of the different types and medes of explanations are
determined by a simple count of the number of explanations the user
accessed during the session. They are easily determined by
examining the replay process tracing files. In segmenting the
explanation accesses into separate counts for H2 and H3,
Jeedforward explanations include all explanations that report on
information cues and their relationships, and feedback explanations
include all explanations that report on procedures that are used to
form conclusions. For H4 through H6, declarative knowledge
explanations represent the number of definition explanations
accessed in either feedforward or feedback mode; initial problem
solving strategy-based explanations are rule-trace, justification, and
strategy explanations accessed in a feedforward mode; and proce-
dural knowledge explanations are the same three types in a feedback
mode (as represented in Figure 2 via the boxed groupings).

The examination of the use of explanations from both perspectives
in the extant literature (i.e., feedback versus feedforward and

3Recall that the cases were designed so that the information presentation
order was randomized. While all participants received precisely the same
information, the order of information would alter the recommendation from
the KBS between trade-on and liquidation,

Arnold et al /Explanations in Novice & Expert Judgement Decisions

declarative versus initial problem solving versus procedural) yields
a risk of over-reliance due to the same data being used in two
alternative sets of analyses. An adjustment to counter this issue is
to use a Bonferront adjustment. Because an OMNIBUS ANOVA
testing the overall effect of all explanations does not exist, the
appropriate amount of adjustment in the critical value is arguable.
This is further complicated because each hypothesis locks at an
independent count of accesses, and there is no theorized interaction
between the dependent variables of interest in the five hypotheses.
As such, the most conservative position is taken by assuming that an
OMNIBUS ANOVA has been run (e.g., expertise will affect the
overall number of explanations accessed) and then treating the five
hypotheses as sub-hypotheses under this iltusionary OMNIBUS test.
This conservative position leads to a critical value of .01 for each of
the five hypotheses given a family critical value of .05 being
adopted otherwise in the research.

Results I

The data were collected via the series of experimental sessions and
provide the basis for testing the eight hypotheses. Data from both
the “explanations provided” and “no explanations provided”
sessions were used to test the first hypothesis, while only the data
from the “explanations provided” sessions were used to test the
remaining hypotheses. Table 3 presents mean data on the number
of accesses of various explanation types, average time viewed, and
average word count per second for both expert and novice parti-
cipants. Note that the interest in the experimental sessions is on
using the explanations to complete a work task. As such, the
namber of explanations viewed by each participant is low relative
to the total available explanations (as would be expected).

Judgment Effects

The purpose of H1 is to test whether insolvency professionals using
a KBS with explanations will demonstrate increased adherence to
the recommendations of the KBS in comparison to professionals
using a KBS without explanations. The comparison with the group
using the KBS without explanations isolates the effect of
explanations from that of simply using the KBS. This is related to
the effect of using argumentation as a basis for explanations and the
perceived likelihood that users will place greater faith in a KBS as
demonstrated by increased adherence with the recommendation of
the KBS. To test for differences from the use of the KBS with
explanation facilities provided (H1), ANCOVA was used with the
final likelihood estimate of trading-on as the dependent variable and
the initial likelihood estimate as a covariate. Availability of
explanation facilities and order of information presentation were the
independent variables. (A control variable was used to capture the
effect of the randomized order of information presentation and the
related trade-on versus liquidate recommendation by the KBS,
which would cause participants to adjust their decisions in opposite
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Table 3. Experimental Access and Use of Explanations
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FF: Feedforward
FB: Feedback

directions.) H1 is supported if a significant shift occurs in the
difference from the initial likelihood estimate to the final likelihood
estimate, reflecting increased likelihood of following the KBS
recommendation. The statistical results show that the interaction of
explanation facility and order is significant (F(1,138} =9.270, p =
.003): order is key in that it causes the decision to move in opposite
directions so the judgments of participants receiving a trade-on
versus a liquidate recommendation should be further apart than for
these participants using the KBS without explanations, This test
result indicates that providing an explanation facility led to greater
adherence by the insolvency professionals to the KBS’s
recommendation, regardless of whether the KBS recommended
trade-on or liquidate. The main effect for order is also significant
(F(1,138) = 145.833, p < .001), and the initial likelihood cstimate
covariate 18 significant (F(1,138) = 14.196, p < .001).

Feedforward Versus Feedback
Explanation Usage

H2 and H3 relate to the use of feedforward versus feedback
explanations. The extant literature posits that novices will use more
feedforward explanations (H2) as they attempt to understand better
the problem domatn, while experts will use more feedback
explanations {(H3) as they attempt to understand better how and why
a KBS provides a given recommendation. A MANOVA was
conducted to consider the overall impact of expertise on the two
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dependent variables (i.e., feedforward and feedback). The statistical
results of the MANOVA show that expertise significantly impacts
the use of feedforward explanations (F(2,63)=30.221,p <.001}and
also significantly impacts the use of feedback explanations (F(2,63)
=7.466, p = .001). These results support both H2 and H3.

There is a concern in the MANOVA, however, in that the two
dependent variables are highly correlated (r* = .54, p < .001). A
Roy-Bargman procedure was used to determine the impact of
expertise on the two dependent variables when controlling for the
correlation between feedforward and feedback explanation use. The
procedure was completed by first entering feedback into an
ANOVA, confirming significance of expertise, and then using an
ANCOVA totestthe effect of expertise on feedforward explanations
when controlling for use of feedback explanations (i.e., as a
covariate). The ANOVA with the number of feedback exptanation
accesses (dependent variable) and expertise (independent variable)
was used to test H3. The results support the hypothesis (F(2,63) =
265.192, p = .001). Novices accessed on average 1.77 feedback
explanations, while experts accessed 2.26. The ANCOVA with the
number of feedforward explanation accesses {dependent variable),
number of feedback explanations (covariate), and expertise
(independent variable) was used to test H2. The results indicate that
expertise impacts the number of feedforward explanation accesses
(F(2,62) = 19.984, p < .001). Novices accessed on average 8.05
feedforward explanations, while experts accessed on average 5.33.
The number of feedback explanations covariate is also significant
(F1,62)=28.386, p < .001).
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Alternative Knowledge-Level
Explanation Usage

H4, H5, and H6 are conceptually based on Anderson’s ACT-R
theory of learning. The relationships specified in the three
hypotheses are based on a translation of the theory to the generation
of explanations that facilitate knowledge transfer to the user
(Dhaliwal and Benbasat 1996; Gregor and Benbasat 1999). As
novices attempt to aggregate knowledge about decision-making
processes, they are theorized to learn first through declarative
knowledge (H4) and then to pursue an understanding of initial
problem solving strategies (H5). Thus, novices are expected to
access more explanations related to these two kinds of knowledge.
Experts, on the other hand, are more interested in resolving
questions about the KBS reasoning processes and will focus more on
procedural-level knowledge {(H6). A MANOVA was conducted to
consider the overall impact of expertise on the three dependent
variables.. The MANOVA indicates declarative (F(2,63) =33.019,
p < .001), initial problem solving strategies (F(2,63) = 16.9, p <
.001), and procedural explanation usage (F(2,63) = 6.575, p = .003)
are all significantly impacted by expertise providing support for H4,
HS, and H6.

There is a concern in the MANOVA, however, in that the three
dependent variables are highly correlated; the correlation between
declarative and initial problem solving is .457 (< .001), declarative
and procedural is .277 (.013), and initial problem solving and
procedural is .596 (< .001). A Roy-Bargman procedure was again
used to determine the impact of expertise on the three dependent
variables when controlling for the correlation between the three
kinds of knowledge explanation use. The procedure was a three-step
process in which variables were entered based on the strengths of
their correlations with each other. In step one, procedural explana-
tions (the most highly correlated variable) were tested in an
ANOVA to confirm the significance of expertise. [n step two, the
initial problem-solving strategy explanations (the second highest
correlated variable) were tested using an ANCOVA to test for the
effect of expertise while controlling for procedural explanations
(i.e., using procedural explanations as a covariate). Step three
repeated the ANCOVA using the final variable, declarative
explanations, to test for the effect of expertise while controlling for
both procedural and initial problem solving strategy explanations.
The ANOVA with the number of procedural explanation accesses
(dependent variable} and expertise (independent variable) was used
to test H6. The results support the hypothesis (F(2,63) = 6.575,p=
003).  Novices accessed on average 1.49 procedural-based
explanations, while experts accessed on average 2.07° The
ANCOVA with the number of initial problem solving strategy
explanation accesses (dependent variable), number of procedural
explanations (covariate) and expertise (independent variable) was

SThe amount of information provided in the recommendation report
(approximately two screens in length) may have reduced the number of
questions (or percetved anomalies) that would lead to feedback explanation
accesses.
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used to test HS. The results indicate that the independent variable
expertise is significant (F(2,62) = 9.529, p <.001) and the covariate
of procedural explanations is significant (F(1,62) = 36.104, p <
.001), thereby providing support for H5. Novices accessed on
average 4.15 initial problem-solving strategy-based explanations,
while experts accessed on average 3.15. The ANCOVA with
number of declarative explanation accesses (dependent variable),
number of initial problem solving strategy explanation and
procedural explanation accesses (covariates), and expertise
(independent variable) was used to test H4. The results indicate that
the independent variable expertise is significant (F(2,61) = 12.396,
p < .001) and the covariate of initial problem solving strategy is
significant (F(1,61)=8.579, p=.005), thereby providing support for
H4. Novices accessed on average 4.18 declarative knowledge
explanations, while experts accessed 2.37.

H7 and HS$ relate to the ability of explanations provided by KBS to
convince expert users of the rationality/feasibility of the KBS's
recommended problem solution. The KBS’s explanations should
have such an effect if the decision maker is motivated to use the
explanations, the argumentation of the explanations is convincing,
and the expert decision maker adjusts his‘her judgment.

H7 examines whether experts who view feedback explanations will
make decisions that are more consistent with the KBS recom-
mendation. An ANOVA was used to test H7 using a dichotomous
variable (access or not access feedback explanations) as the indepen-
dent variable and the difference in final likelihood estimate as the
dependent variable. The results of the test for H7 are significant
(F(2,24) = 4.847, p=.017), and the hypothesis is supported.

H8 examines whether the number of feedback explanations viewed
influences the expert decision makers’ judgment in the direction of
the KBS recommendation. A Pearson’s correlation test of the
relationship between number of feedback explanations viewed and
the difference in final likelihood estimate was used to test H8. The
results support H8 (* = 357, p = .036).

Table 4 provides a summary of the results for the tests of each of the
eighthypotheses. All hypotheses are supported. Overall, substantial
support exists for the underlying theory.

Discussion and Implications M

The research reported in this paper takes a broad look at the use and
influence of explanations on expert and novice decisions in a
complex judgment task. To our knowledge, this is the first
experimental test of the impact of a KBS implementing a fully
functional explanation system using both feedforward and feedback
modes of explanations in combination with all four types of
explanations (definition, justification, rule-trace, and strategy). Prior
published research has largely omitted both feedforward
explanations and definition explanations.

MIS Quarterly Vol. 30 No. 1/March 2006 83

This content downloaded from 132.176.134.12 on Wed, 23 Oct 2019 06:48:20 UTC
All use subject to https://about.jstor.org/terms



Arnold et al./Explanations in Novice & Expert Judgement Decisions

Table 4. Summary of Results

Hypothesis Statistical Test Results*
H1: KBS users will be more likely to adhere to the recommendation of a KBS ANCOVA Supported
when explanations are provided. {p = .003)
H2: When using a KBS with explanation facilities, novices will choose more ANCOVA with Roy- Supported
feedforward explanations than experts. Bargman Step-Down {p < .001)
H3: When using a KBS with explanation facilities, experts will choose more  |ANOVA with Roy- Bargman] Supported
feedback explanations than novices. Step-Down (p=.001)
H4: When using a KBS with explanation facilities, novices will choose more ANCOVA with Roy- Supported
declarative knowledge explanations than experts. Bargman Step-Down (p <.001)
H5: When using a KBS with explanation facilities, novices will choose more ANCOVA with Roy- Supported
initial problem-solving strategy-based explanations than experts. Bargman Step-Down (p <.001)
HB: When using a KBS with explanation facilities, experts will choose more | ANOVA with Roy-Bargman Supported
procedural knowledge expianations than novices. Step-Down {(p=.003)
H7: Experts that use feedback expianations when using a KBS with ANCOVA Supported
explanation facilities will be more likely to adhere to the recommendation. (p=.017})
H8: Experts that choose more feedback explanations when using a KBS with Pearson's Correlation Supported
explanation facilities will be more likely to adhere to the recommendation. {p = .036)

*A family level significance of .05 is used as a critical value in assessing the acceptance of the hypotheses. As noted earlier in the paper, a
conservative measure of the Bonferroni adjustment is used for hypotheses 2 through 6 where the critical value is .01 (i.e., .05/5).

Our results provide evidence that the availability of a fully
functional explanation facility influcnces bath novices” and experts’
judgments. Perhaps more importantly, significant diflerences exist
in the forms of explanations prefcrred by users of different
knowledge levels. The results indicate that novices will have
stronger preferences for feedforward and definitionat explanations.
Experts, on the other hand, will have a greater interest in procedural-
based explanations that are the type that have gencraily bheen
available in prior experimental studies. This is imporlant to
designers and implementers of KBS, given that prior research has
suggested that fow KBS used in practice provide feedforward and/or
definitional explanation facilities {Dhaliwal and Benbasat 1996;
Mao and Benbasail 2000; Ye and Johnson 1993),

Designers of KBS for use by novice decision makers should
consider the implications of the research for the design of ex-
planation facilitics in such systems. For novices, explanations may
be key to both short- and long-term leaming. This study has focused
on shert-term learning or, in other words, leaming to perform. Asg
such, fecdforward explanations {as well as definition explanations
in feedback mode) may be critical for novices to use a KBS success-
fully. On the other hand, the resuits also indicate that novices tend
t0 accept the KBS’s recommendations and move toward adherence.
Amold and Sutton (1998) suggest that such dominance by the KBS
may lead to poor decision making. Implementers of KBS for use by
novices should be cognizant of this potenial negative effect. This
study has focused on adhercnce to the KBS and not on optimal deci-
sion performance. Future research should focus on the performance
aspects of KBS adoption by novice users.
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Beyond the results provided through testing the hypotheses, the raw
data should be considered in terms of usage of different forms of
explanation. Experts demonstrated greater interest in procedural-
based explanations (as theorized and hypothesized). The average
number of explanations accessed by experts was 2.37 declarative-
based explanations, 3.15 initial problem solving strategy-based
explanations, and 2.07 procedural-based explanations. Thus, the
mean data indicate that experts had a strong interest in explanations
of how the KBS used certain data and made recommendations—a
phenomenon that has not been examined in the prior literature. One
potential explanation may be that experts are comparing the
underlying information in the KBS (e.g., initial problem-solving
strategies) with their own knowledge to establish cognitive fit. This
has been theorized as a precondition to acceptance of a KBS by
experts (Arnold and Sutton 1998). This phenomenon should be
cxamined in future studies. If this phenomenon holds under specific
examination, the implications for designers and implementers of
future KBS are significant, particularly in terms of designing
cxplanations to facilitate carly adoption of KBS by expert users.
Care should be taken, however, in comparing the raw means
between forms of explanations, as a significant difference existed in
the number of opportunities to view various forms of
explanations—particularly procedural explanations that are most
frequently accessed at the time a recommendation report is
requested.

The results of the study related to experts using the KBS, when
taken in aggregate, suggest that both feedforward and feedback
explanations may be important to acceptance by expert decision
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makers. The different modes along with the four types of explan-
ations provide an array of views into the information cues, their
relationships, and the recommendations of the KBS. The experts’
use during our experimental sessions may indicate curiosity as to the
inner workings of the KBS. The fact that the presence of a KBS
with explanations strengthened the influence of the KBS on experts’
decision outcomes suggests that the need for a fully capable
explanation facility is fundamental to acceptance of a KBS by expert
decision makers—an area that has been problematic across a wide
array of KBS implementations in knowledge-based organizations.
Additionally, training for experts on the use of the system that
incorporates access and use of the explanation facility may enhance
their initial perceptions of a new KBS and promote ultimate accep-
tance. These issues should be explored in future research.

Overall, based on the empirical results of the test of hypotheses,
managers wishing to leverage effectively the use of a KBS in a
professional decision-making environment should ensure that the
KBS is designed with comprehensive explanation facilities. These
facilities should help users understand the knowledge contained in
the KBS and the procedures used by the KBS to formulate specific
conclusions and recommendations. To facilitate use and user
acceptance, KBS should be designed to provide definition, justi-
fication, rule-trace, and strategic explanations in both feedforward
and feedback. The use of contextualization in the provision of
explanations also lends additional support to the findings of Mao
and Benbasat (2001) that contextualization enhances the likelihood
of explanation use.

This study has several limitations. First, the experiment was con-
ducted in a laboratory environment, which facilitates strong
experimental control but also necessitates some limitation in the
richness of the data available to the KBS users. Usage patterns ina
field setting may be different. Second, the patterns of behavior were
studied while the KBS was still relatively new to users. While this
fits the emphasis that prior researchers have put on explanations
being most important for short-term acceptance and use, longer-term
use may result in a different pattern of explanation system usc.
Third, the novices in this smdy may not perform like novices in
other studies because they were fairly experienced (i.¢., consisting
of staff and senior-level insolvency practitioners from professional
services firms). The novice participants have experience close to the
level of experts in some other studies. In comparing results between
studies, these inconsistencies in participants’ backgrounds should be
considered in interpreting results, Fourth, the KBS used in the study
is a fully functional KBS typical of the type of systems used in
practice. Due to legal and maintenance issues, however, the
software has never been licensed for use in practice. Nonetheless,
given the inquiries that the developers of INSOLVE have received
from professional firms interested in its availability, there is reason
to believe the system is in a form that allows implementation.
Additionally, as discussed in the methods section of this paper, the
developers have rigorously validated the system with professionals
from large insolvency practices.
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