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Abstract 
 
Decision Support Systems have been proposed as a 
mechanism through which operator performance can be 
improved. However, before such systems can be 
implemented, the interaction between the system and the 
user needs to be understood. The current study 
investigated competent and expert firefighters’ 
interaction with three levels of decision support system 
interfaces, one full processing interface, and two levels 
of reduced processing interfaces. The results revealed 
that competent firefighters accessed significantly more 
feature displays and made significantly more recursions 
of feature displays than expert firefighters when using 
the Full processing DSS interface. However, this 
difference was not evident when participants used the 
reduced processing interfaces. Expert firefighters made 
more accurate decisions than competent firefighters, 
possibly due to the acquisition of features that were more 
relevant to the decision task. Therefore, mechanisms 
may be needed to ensure that competent operators 
process relevant information when making decisions. 

Introduction 
An aging workforce in Australia has resulted in a 
significant loss of corporate knowledge and skill 
(DEST, 2002). Consequently, relatively inexperienced 
practitioners are taking over roles that were once filled 
by highly skilled personnel. The risk is that these 
operators may not have developed the cognitive skills, 
such as decision-making, to successfully fulfil the role, 
resulting in an increased potential for error. Decision 
Support Systems (DSSs) have been advocated as a 
potential solution by protecting the integrity of the 
system while operators gain task-relevant experience. 
However, the information processing capabilities of less 
experienced operators need to be considered when 
designing a DSS. The current study investigated expert 

and competent operators’ decision-making performance 
using three levels of reduced processing DSS interfaces. 

Decision Support Systems 
Decision Support Systems (DSSs) are devices that 
facilitate the processing of information in a bid to 
reduce the cognitive demands associated with making a 
decision (Singh, 1998).  Although DSSs are designed to 
facilitate human performance, the failure to consider the 
human operators’ information processing capabilities 
can result in the design of DSSs that impede rather than 
extend human performance. For example, operators are 
less likely to detect errors in a fully automated system 
compared a manual system (Metzger & Parasuraman, 
2005). Consideration of how the design of the system 
would influence the way that operators process 
information could alleviate potential errors 
(Parasuraman, Sheridan & Wickens, 2000). One factor 
that needs to be considered when designing a DSS is 
the expertise of the operator.  

Expertise and Information Processing 
Theories of skill acquisition generally propose that 
operators progress through levels of skilled 
performance before reaching expertise. For example, 
Dreyfus and Dreyfus (1986) propose that the 
progression from novice to the competent stage of skill 
acquisition is associated with a relatively linear increase 
in performance as operators accumulate experiences. 

However, the transition from competence appears to 
involve a qualitative shift in information processing 
(Wiggins, Stevens, Howard, Henley, and O’Hare, 2002). 
As operators acquire training and experience, they gain 
the capability to make decisions based on the 
recognition of key features of information (Klein, 
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Calderwood, & Clinton-Cirocco 1986). Consequently, 
decisions can be made based on the acquisition of less 
information (Shanteau, 1992), as operators use a 
recognition-primed process to filter relevant from 
irrelevant information (Klein, 1989). However, for 
operators who have not developed the capability to 
recognise these key features, a decision is likely to be 
made through information analysis, processing this 
information in working memory (Wickens, 1991). The 
result is the availability of fewer cognitive resources to 
consider different options, thereby potentially impacting 
adversely the quality of decisions and the capability of 
the operator to learn key cues that might improve future 
performance (Sweller, 1988). These potentially negative 
consequences could be diminished through the use of a 
DSS that reduces the information processing demands 
imposed on the operator when making a decision. 

Although previous research has investigated relatively 
inexperienced operators’ use of reduced processing DSS 
interfaces (Morrison, Wiggins, & Porter, in press; 
Wiggins & Bollwerk, 2006), research has not been 
conducted concerning whether these interfaces can be 
used to improve the performance of relatively 
experienced personnel. The present study was 
conducted to extend the work of Wiggins and Bollwerk, 
and Morrison et al. to investigate whether the use of 
reduced processing DSSs can improve the decision-
making performance of competent operators. 

DSS Interfaces 
The present study was conducted in the context of 
firefighting. Participants were asked to select the most 
appropriate point of entry to gain access to a structural 
fire by using each of three different DSS interfaces. The 
DSS interfaces were developed on the basis that they 
engaged full processing or different levels of reduced 
processing decision strategies. 
 
Full Processing. For the Full Processing DSS 
interface, participants were presented with seven entry 
points as decision options on a floor plan and seven 
features associated with each of the entry points (see 
Figure 1). Participants could access features by clicking 
on the floor plan. 

 
Elimination by Aspects (EBA) (reduced processing). 
The EBA interface reduced the number of decision 
options available to participants to three. However, 
participants could access each of the eight features for 
each of the three options. Participants first ranked 
features from most important to least important. These 
rankings determined the order in which features were 
presented in the drop down menu (most important at the 
top of the menu, to least important at the bottom of the 
menu). When participants clicked on a feature in the 

drop-down menu, the relevant feature values for each of 
the three decision options were displayed. 
 
Satisficing (reduced processing). The Satisficing DSS 
interface reduced the number of decision options to 
three, but also limited to three the number of features 
available to participants. Participants were asked to 
select the three most important features to make a 
decision. These selections determined the three features 
that were available to participants when making a 
decision with the DSS. When a feature was clicked in 
the drop-down menu, the relevant values were 
displayed for each of the three decision options. 
 

 
Figure 1: Example of the Full Processing interface 
 
Aim, Design, & Hypotheses 
The aim of this study was to determine whether the 
decision-making performance of firefighters who had 
not received training (competent) in incident command 
(IC) could be improved to a level comparable to 
firefighters who had been trained in IC (experts), when 
using a reduced processing DSS. The study comprised a 
2 x 2 x (3) mixed measures design, incorporating 
expertise (competent vs. expert), the level of time-
constraint (no time-constraint vs. three minutes), and 
the type of DSS (Full Processing vs. EBA vs. 
Satisficing), as independent variables and the number of 
feature displays accessed, the number of feature display 
recursions made, and decision accuracy as dependent 
variables. It was hypothesized that: (1) Competent 
firefighters would access significantly more features 
displays than experts when using the Full Processing 
DSS interface. However, this difference would not be 
evident when using the reduced processing interfaces; 
(2) Competent firefighters would make more recursions 
than experts when using the Full Processing interface; 
(3) Expert firefighters would be more accurate in their 
decisions than competent firefighters; and (4) 
Competent firefighters would be more accurate when 
using the EBA and Satisficing DSS interfaces than when 
using the Full Processing DSS interface. 
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Method 
Participants 
Eighty-six firefighters participated in the on-line study 
after responding to advertisements placed in firefighting 
journals. Twenty-two participants with a reported mean 
of 35.83 (SD = 63.79) incidents as Incident Commander 
were classified as expert firefighters having obtained 
the rank of Station Officer (or equivalent) or higher. 
Station Officers, having received training in IC, are 
typically responsible for making critical decisions on 
the fireground. The remaining 64 participants were 
classified as competent firefighters having reported a 
mean of 3.31 (SD = 8.07) incidents as Incident 
Commander, and had not received IC training. 

Stimuli 
Demographic Questionnaire. Participants completed a 
demographic questionnaire containing questions about 
their rank, level of firefighting experience, and training. 
 
Scenarios. Three firefighting scenarios developed from 
interviews with Subject Matter Experts (SMEs) were 
presented to participants. The scenarios tasked 
participants with determining the most appropriate 
point of entry to a burning building to rescue a victim. 
Each scenario referred to one of three different types of 
buildings: a single storey house, a single storey office, 
and a furniture warehouse. The presentation order of 
each of the three scenarios was counterbalanced to 
eliminate serial order effects. An example of one of the 
scenario descriptions is provided below: 

A fire has broken out in a single storey house in 
a residential area at approximately 8.00am. A 
neighbour has told you that the owner of the 
building, an elderly woman, is likely to be inside. 
Your task is to identify the most appropriate 
entry point to conduct a search and rescue. 

A scoring scale was devised for each of the decision 
options after consultation with five SMEs. The SMEs 
were asked to rank each decision option from the most 
appropriate to the least appropriate. The average ratings 
for each of the decision options was calculated and used 
as a scoring scale. In the case of the EBA and 
Satisficing DSS interfaces, options were assigned a 
value from one (least appropriate) to three (for the most 
appropriate option). Whereas, options in the Full 
Processing interface were scored on a seven point scale. 
To allow comparisons to be made across each of the 
DSS interfaces, accuracy scores were converted to z- 
scores. 
 
DSS Interfaces. Participants made decisions in each 
scenario using either the Full Processing, EBA, or 
Satisficing interfaces. The assignment of DSS interfaces 
to scenarios was counterbalanced. 

 
Features. The DSS interfaces were populated with 
eight features (see Table 1) reported to be indicative of 
a structural fire. These features were identified from 
cognitive interviews conducted with five SMEs, and 
supported by data derived from the administration of a 
questionnaire to 22 fire brigade personnel (Perry & 
Wiggins, 2008). The presentation order of features was 
counterbalanced using the Latin squares procedure 
outlined by Bradley (1958).  
 
Time-constraint. Eleven firefighter fatality reports 
from the United States National Institute for 
Occupational Health and Safety were consulted to 
establish a time-constraint that was a valid 
representation of the operational environment. To 
determine the time taken for a decision to be made 
about an appropriate point of entry to a burning 
building, the time between the Incident Commander 
(IC) arriving at the scene and the firefighters entering 
the building was calculated for each of the 11 incidents. 
On average, it took three minutes and 27 seconds (SD = 
1 minute and 22 seconds) for firefighters to enter the 
building following the arrival of the IC. Consequently, 
a three minute time constraint was used. This ensured 
that the time-limit was sufficiently demanding, while 
maintaining a degree of face validity. 

Procedure 
After visiting the web address associated with the 
study, participants first completed the demographic 
questionnaire. Participants then used the respective 
DSS interfaces to make decisions regarding the most 
appropriate point of entry in each scenario. 

Results and Discussion 
Number of Feature Displays Accessed 
A 2 x 2 x (3) mixed measures ANCOVA was 
conducted to test the hypotheses that competent 
firefighters would access significantly more feature 
value displays than experts when using the Full 
Processing interface, and that this difference would be 
largest in the time-constrained condition. The number 
of incidents that participants reported being in 
command was included as a covariate to control for the 
variance attributed to IC experience. The analysis 
revealed a significant interaction between the DSS 
interface and participants’ level of expertise, F (1, 
68.11) = 6.52, p < .05, partial ŋ2 = .09. Planned 
comparisons revealed that, as hypothesized, competent 
firefighters (M = 33.88, SD = 12.519) accessed 
significantly more feature value displays, when using 
the Full Processing interface than experts (M = 26.27, 
SD = 7.12), p < .05. No significant differences were 
evident for the number of features accessed between 
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competent and expert firefighters for either the EBA or 
Satisficing interfaces (see Figure 2).  

These results are consistent with the notion that 
experts have acquired, by virtue of their training and 
experience, the capability to implement reduced 
processing strategies. Having controlled for IC 
experience, the results revealed that experts were more 
capable of making decisions based on the acquisition of 
a subset of the available information (Shanteau, 1992). 
Conversely, competent firefighters accessed a greater 
number of feature displays when using the Full 
Processing DSS interface, suggesting a distinction 
between competent and expert firefighters. The 
difference in the number of feature displays accessed is 
possibly because based on previous training and 
experience, experts only accessed those features that 
they believed were relevant to the decision task, 
whereas competent firefighters accessed more 
information in an attempt to develop an assessment of 
the situation (Klein, 1989).  

 

 
Figure 2: Mean number of feature displays accessed. 
 
Number of Recursions 
A 2 x 2 x (3) mixed measures ANCOVA with the 
number of incidents as Incident Commander as the 
covariate, was conducted to test the hypotheses that 
competent firefighters would make significantly more 
recursions than experts when using the Frequency DSS 
interface, and that this difference would be largest when 
a time-constraint was imposed. A significant interaction 
between participants’ level of expertise, and the DSS 
interface was evident, F (2, 122) = 5.27, p < .05, partial 
ŋ2 = .08. Planned comparisons revealed that, as 
hypothesized, competent firefighters made significantly 
more recursions (M = 8.53, SD = 3.26) than experts (M 
= 4.67, SD = 2.29) when using the Frequency DSS 
interface, p < .05, but not when using the EBA or 
Satisficing DSS interfaces. The level of time-constraint 
did not influence the number of recursions. 

When using the Frequency DSS interface, not only 
did competent firefighters access significantly more 
features than experts, but they also made a greater 

number of recursions. It is likely that because the 
competent firefighters accessed more features than 
experts, more information was being actively 
processed, subjecting the less experienced operators to 
the limitations of working memory. Consequently, 
feature values were likely to be forgotten when working 
memory resources were exceeded, requiring the 
competent firefighters to re-access more features.  

Decision Accuracy 
A 2 x 2 x (3) mixed measures ANCOVA, with the 
number of incidents as Incident Commander as the 
covariate, was conducted to determine whether 
competent firefighters were more accurate when using 
the reduced processing DSS interfaces than when using 
the Full Processing interface under both time-
constrained and unconstrained conditions. As 
hypothesized, expert firefighters’ decision accuracy 
scores (M = .38, SD = .95) were significantly greater 
than competent firefighters (M = -.17, SD = 1.05), F (1, 
69) = 8.37, p < .05, partial ŋ2 = .11. Neither the DSS 
interface, nor the time-constraint was found to influence 
decision accuracy. 

Although evidence suggests that competent 
firefighters were processing less information when 
using the reduced processing interfaces, evident by the 
fewer feature displays accessed and recursions made, 
their decision accuracy did not improve as would be 
expected with an associated reduction in cognitive load 
(Sweller, 1988). Consistent with previous research, the 
DSS interface did not influence the decision accuracy 
of less experienced practitioners (Morrison, et al., in 
press; Wiggins & Bollwerk, 2006). One reason why 
competent operators did not make more accurate 
decisions with the reduced processing strategy is that 
they may not have processed the features that were 
most important for making a decision. To further 
investigate this, a review was conducted of the types of 
features selected by competent and expert firefighters 
when using the Satisficing DSS interface. 

Feature Selection (Satisficing Interface) 
The DSS interfaces were designed to provide flexibility 
in the presentation of features to account for individual 
operators’ level of experience and preferences. 
However, a review of the features selected by 
competent and expert firefighters when they were using 
the Satisficing interface suggests that the competent 
firefighters were selecting features that were not as 
relevant for making a decision.  

Experts were highly consistent in their selection of 
features. More than three quarters of experts selected to 
use the structural damage feature in the Satisficing DSS 
interface, with the majority also selecting the distance 
from the victim and heat as features to consider. 
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Conversely, competent firefighters showed greater 
variability in their feature selections. Although the 
majority of competent firefighters did select the 
structural damage and distance from the victim 
features, they exhibited greater variability in the 
selection of the remaining features (see Table 1). 

Although competent firefighters processed the fewest 
number of features when using the Satisficing interface, 
the evidence suggests that these features were not as 
relevant. This finding has implications for the design of 
DSS interfaces, suggesting the mere availability of a 
DSS may not necessarily improve performance if 
operators have not learned how best to use the 
information presented in the system to make decisions. 

 
Table 1: Proportion of participants who selected each 
feature in the Satisficing DSS interface. 
 

 Expertise 
Feature Expert Competent 

Structural Damage 77.27% (17) 56.00% (28) 
Distance from Victim 63.63% (14) 52.00 % (26) 
Heat 59.09% (13) 28.00% (14) 
Smoke 31.82% (7) 34.00% (17) 
Obstructions 22.73% (5) 44.00% (22) 
Distance from Seat of 
Fire 22.73% (5) 32.00% (16) 

Fuel Load 13.64% (3) 26.00% (13) 
Entry Construction 9.09% (2) 28.00% (14) 

Note. The number of participants shown in parentheses. 

Conclusions 
The results of this study revealed that not only did the 
less experienced firefighters access a greater number of 
feature displays than experts when using the Full 
Processing DSS interface, they also made more 
recursions. Although these quantitative differences 
were not evident when using the reduced processing 
DSS interfaces, the evidence suggests that the 
competent firefighters were accessing features that were 
less relevant to the decision task. The implications of 
this study suggest that DSSs alone cannot be 
implemented as a substitute for task specific training 
and experience. To take full advantage of a DSS it 
appears that operators must also learn how to utilise the 
available information to make appropriate decisions. 
Future research will need to investigate whether the 
decision-making performance of competent operators 
can be improved after being provided training in how to 
utilise the information available in a DSS. 
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