
http://www.diva-portal.org

Preprint

This is the submitted version of a paper presented at The 10th IFAC/IFIP/IFORS/IEA Symposium on
Analysis, Design, and Evaluation of Human-Machine Systems (IFAC-HMS 2007), 4-6 September 2007,
Seoul, South Korea..

Citation for the original published paper:

Persson, M., Rigas, G. (2007)

A measure of situation apprehension, outcome prediction and performance in one microworld.

In: Proc. of the 10th IFAC/IFIP/IFORS/IEA Symposium on Analysis, Design, and Evaluation of

Human-Machine Systems (IFAC-HMS 2007) Korea: Elsevier

N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-221784



A MEASURE OF SITUATION
APPREHENSION, OUTCOME PREDICTION
AND PERFORMANCE IN ONE MICROWORLD

Mats Persson ∗,1 Georgios Rigas ∗

∗ Swedish National Defence College, Stockholm

Abstract: In this article a measurement method of situation apprehension and
outcome prediction is examined psychometrically. This method has its inspiration
in Spearman’s theory of intelligence and constitutes an alternative to the concepts
of situation awareness and sense making. The measurement approach of certain
aspects of understanding that is examined here is specific to the decision making
environment (microworld) used, but its general properties, however, should be
rather widely applicable. Using one microworld – C3Fire – and an assessment
technique of situation apprehension and prediction ability, we studied the rela-
tionships between apprehension, prediction, and performance in the microworld.
These results indicate that the measurement method used may be psychometrically
sound and thus a viable alternative to current approaches to understanding, such
as situation awareness and sense making.
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1. INTRODUCTION

The use of geographical maps has been an in-
tegral part of command and control work for a
long time. Within the military community maps
together with different standardized symbols have
been used for visualizing and understanding an
evolving situation. The emergence of computer-
ized Geographical Information Systems (GIS) to-
gether with possibilities to present real time data
about changes in the environment has, however,
given rise to new presumptions how such means
can facilitate decision making. For example, bet-
ter visualization technologies and a continuously
updated picture of a situation are supposed to
provide a better understanding of a situation at
hand and support judgments of how the situation
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is likely to evolve. Hence, new technological means
to present data are believed to facilitate a com-
mander’s ability to perceive, interpret, understand
and maintain awareness of a situation, in order to
be able to stay in control of the situation.

The need of military commanders and staffs to
reach and maintain a good understanding of the
development of a situation has found expression
in military literature in the concepts of situation
awareness and sense making. Neither of these
concepts was originally intended as an explana-
tory construct for successful command and control
(C2). Situation awareness was developed as an
explanatory concept for the individual differences
in survival between fighter pilots (Spick, 1988).
Sensemaking was constructed in an effort to ex-
plain collective action in organizations (Weick,
1995). These two concepts, situation awareness
and sensemaking, have been widely used but lost
in the way their original meaning as well as their



technical character. As a consequence, these two
terms have become synonymous to the common
sense word of “understanding”, tautologies, or
even worst a kind of word-magic (Brehmer, 2006).
Before we present our own approach we will de-
scribe briefly the concept of situation awareness
because it is currently the most widely used in
military literature.

Situation awareness (SA) is defined as “percep-
tion of the elements in the environment within
a volume of time and space, comprehension of
their meaning, and projection of their status in
the near future” (Endsley, 1995). When defining
the term Endsley refers only to the portion of a
person’s knowledge that pertains to the state of a
dynamic environment. Hence, all knowledge a per-
son possesses as e.g. established doctrine, rules,
procedures and checklists does not fall under the
concept of SA although it could be relevant and
important for the decision-making process. Ends-
ley argues that such knowledge sources are fairly
static and therefore fall outside the boundaries
of the term. Furthermore, Endsley considers SA
as a construct separate from decision-making and
performance and writes: “[e]ven the best-trained
decision-makers will make the wrong decisions
if they have inaccurate or incomplete SA. Con-
versely, a person who has perfect SA may still
make the wrong decision. . . or show low perfor-
mance”. In the latter case she refers these phe-
nomena to lack of training on proper procedures,
poor tactics and for some reason the decision-
maker could have an ability to carry out the
necessary actions. SA consists of three hierarchical
phases. The first level relates to SA gained by
perception of the status, attributes and dynamics
of relevant elements in the environment. The sec-
ond level of SA is reached through an achievement
of understanding and the significance of the per-
ceived elements on level 1 in relation to pertinent
goals. Finally, the third level is reached when an
individual has the ability to project future actions
of the elements in the environment. In addition
Endsley argues that this third level is achieved
through knowledge of the status and dynamics of
the elements and comprehension of the situation.
Furthermore, regarding the ability of predicting
future actions of the elements, she stresses that it
concerns changes in the very near future.

SA as described by Endsley becomes a bottom-
up process where each level constitutes a pre-
condition for the next and SA is considered a
precondition for decision making. We are inclined
to think that at least some mental processes of
those involved in understanding are top-down and
that it is psychometrically dubious whether it will
be ever possible to measure these in isolation. In
other words, we do not think that this is simply
a technical measurement problem, but that it is

a property of mental activity, which cannot be
described in terms of such levels or stages. Prob-
ably this is one reason that SA studies have been
useful in technical system design, but marginal for
psychometric purposes.

In our approach, we use the concepts of situation
apprehension, which refers to the ability at go
beyond what is immediately given to perception,
and outcome prediction, which is a complex task
that requires not only an ability to understand the
development of a situation (prediction ability) but
also one’s own possibilities to control or influence
it. Both concepts satisfy the criterion of relevance
at least at the level of face validity. It is a common
task for military commanders to report their ap-
prehension about a current situation to their supe-
riors. In addition, situation reports often include
other things such as assessments about how the
situation most likely will develop within a specific
period of time. Consequently, our aim with this
study is to investigate how a dynamic situation is
apprehended through a GIS, how accurate predic-
tions can be made of an evolving situation, and
how these two abilities are related to observed
performance.

2. METHOD

2.1 Participants

42 persons (aged between 20 and 64 years, 19
women and 23 men) volunteered to participate in
the experiment. The participants were students,
teachers, managers or members of different re-
search projects. Participants were randomly as-
signed a number between 1 and 100. Participants
assigned an odd number started their sessions
with a fast scenario while those assigned an even
number started their sessions with a slow scenario.
All participants were compensated with one movie
ticket per hour.



Fig. 1. A screen shot depicting the user interface of C3Fire.

2.2 Tasks

The C3Fire user interface (fig. 1) consists of a
map covering the area of responsibility; a compass
indicating the wind direction and the current wind
speed in meter per second; a bar with available
firefighting units during the scenario; an activity
window in which the units’ current state is pre-
sented; and a message handler that is used for
presenting information received from the alarm
center (AC). One of the main reasons why we
used C3Fire for this experiment is its possibility to
configure how much data about the surroundings
that should be exposed to the participants in a
given scenario. Each C3Fire session was populated
with four firefighting units that are moved by the
participant into the area attacked by the fire.
When a firefighting unit has reached its target
cell, the activities of dismounting, firefighting and
finally mounting the “vehicle” for a movement to
a new cell is simulated. The time for a firefighting
unit’s activities – from reaching a cell until it
is ready to move again – is configurable within
C3Fire. In this particular setting, the firefight-
ing units are represented as yellow icons with a
number between 1 and 4. The firefighting units
can be moved around on the user interface by
simply dragging and dropping the icons on the
map. When a unit is predestinated to some cell on
the map, a blue corresponding number is shown on
that cell until the unit has arrived. It is possible to
change target cell during a movement. Either by
selecting and dragging the blue symbol to a new
target cell; by choosing the unit from its current

position and drag-and-dropping it to a new target
cell; or by clicking on the corresponding number
in the side-bar and clicking again in the target
cell on the map (for an extensive description of
C3Fire, see Granlund, 1998; Granlund, 2002).

2.3 Procedure

There were 12 C3Fire scenarios in this experiment.
These were divided into slow and fast scenarios. A
slow scenario lasted for 7 minutes and 15 seconds,
while a fast scenario lasted for 3 minutes and
45 seconds. Slow scenarios were paused after 2
minutes and 35 seconds and fast scenarios were
paused after 1 minute and 30 seconds. During the
first six sessions the subjects could monitor the
whole scenario and its development from a “gods-
eye” perspective. However, during the execution
of scenario seven and eight the subjects were only
able to view changes of the situation as observed
by the firefighting units. From the execution of
scenario seven, the firefighting units’ range of vis-
ibility was restricted to 3x3 cells. Accordingly, the
subjects’ conception of how the situation evolves
is related to the use of available firefighting units
and their movements in each scenario. Before the
subjects carried out sessions seven and eight, they
were informed about the limited scope of the
firefighting units’ abilities to “see” and possible
implications that might have on the subjects’ task.

After the initial eight scenarios, another four
scenarios were carried out. In the middle of each



of these four scenarios the microworld simulation
was paused. During the pause the subjects were
asked to fill in a form using a Logitech ioTM digital
pen where they should: 1) give their apprehension
of current situation; and 2) make a prediction of
the final outcome in the C3Fire microworld after
the session is finished. During the pause C3Fire’s
current state was presented on the subjects’ CRT.
However, only what was made visible within the
sensor range of the firefighting units could be seen
by the subjects (fig. 2).

Fig. 2. A cropped screen shot depicting a situation
from which a subject make his/her appre-
hension of a situation and predict the final
outcome of performance. The corner marks
are used in C3Fire to indicate the fire-fighting
units’ range of visibility.

The subjects were allowed to use the time they
found necessary for completing the form. The
instructions given to the participants are summa-
rized below:

(1) Transfer current situation to the first page of
the form according to the table of symbols:
/ = Burning cell
X = Burnt out cell
O = Closed out cell

(2) Consider your current situation and estimate
what other cells that might be affected by the
fire and in what way (burning or burnt out).
– Make supplementary marks on the first
page of the form according to your as-
sessment.

(3) On the next page – mark the cells where
you already have closed out the fire using the
correct symbol.
– Make an assessment and predict your
outcome. Viz., what cells do you believe
will be affected by the fire and that you
will manage to close out during the rest
of this session.
– Mark the cells you believe you have
closed out when the session is finished.

(4) When you have completed both pages of the
form, click on the [Start]-button to continue
C3Fire and fulfil the session.

As the simulation paused, instructions were also
given in the message box as a “request for intelli-
gence” from AC:

From: AC To: X

Finish two intelligence reports!

AC wants to know following:

(1) Mark your assessment of the current

situation (what cells are affected

and in what way) on the first report.

(2) On the second report - mark which

cells you think you will be able to

close out before the session ends.

2.4 Measurement technique

Performance in C3Fire was measured by the num-
ber of lost cells (NLC) to the fire. The composite
scores of performance in C3Fire consists thus of
12 values.

The participants’ situation apprehension scores
were measured by calculating the number of the
differences between the assessed and the situation
at the time of the pause of the simulation. The
participants’ prediction ability scores were mea-
sured by calculating the number of the differences
between the predicted end state and the actual
end state at the end of each session.

The replay function of C3Fire makes it easy
to recreate the events of interest. By making
a screen-dump of each situation of interest, the
images generated with the Logitech ioTM digital
pen can be put on top as an overlay (fig. 3 and
fig. 4). All calculations of individual scores of
situation apprehension and prediction ability were
performed manually.

Fig. 3. An example of a subject’s assessment of a
current situation during a pause. The white
symbols derive from the overlay, captured
and generated with the Logitech ioTM digital
pen on the first form.



Fig. 4. An example of which cells a subject believe
he/she will have closed out when the session
is ended. The white symbols derive from
the overlay, captured and generated with the
Logitech ioTM digital pen on the second form.

3. RESULTS

The reliability of the performance scores in C3Fire
was high as in other studies in this microworld
environment. The homogeneity coefficient for all
12 scenarios was 0.93. The homogeneity coefficient
for the first 8 scenarios was 0.92 and for the last
4 it was also 0.92. The correlation between the
first 8 and the last 4 scenarios was 0.66 (which
corrected for attenuation was 0.72).

The reliability of situation apprehension was satis-
factory considering the small number of measure-
ments. The homogeneity coefficients as measured
using signal detection rates during the last four
C3Fire scenarios was 0.69 for hits (h) and 0.79
for false alarms (f). Reliability for prediction was
also acceptable (αh = 0.71 and αf = 0.76). The
main results of this study were that the false rates
of the situation apprehension and the hit-rates of
the participants’ predictions of their performance
were medium predictors of success in C3Fire. As
could be expected the validity coefficient between
situation apprehension false alarms and C3Fire
scores as measured by the NLC was positive,
r = 0.34 (corrected for attenuation, r∗ = 0.40).
This means that participants that made many
false alarms tended to perform worse. The corre-
lation coefficient between prediction hit-rates and
NLC was negative, r = −0.38 (corrected for at-
tenuation, r∗ = −0.46). This correlation indicates
that participants with higher hit rates tended to
perform more successfully in C3Fire.

4. DISCUSSION

The results of this study indicate that the mea-
surement method we constructed for the concepts
of situation apprehension and outcome prediction
is psychometrically acceptable. We argue that
these concepts refer to human abilities that that
are important in C2 and we stress that these
concepts should not be understood in terms of el-
ementary or hierarchically ordered cognitive pro-
cesses. Instead, we think that these concepts refer
to rather complex mental activities that demand
overlapping sets of elementary cognitive processes
that are also involved in decision making that
determines performance success. The correlations
between these variables observed in this study can
be explained in terms of overlapping sets of ele-
mentary cognitive processes. The main conclusion
from this study is that the concepts of situation
apprehension and outcome prediction as described
here and their measurement method, as instanti-
ated in the context of C3Fire, constitute a more
promising alternative to the current approaches
to understanding in C2 research, i.,e., situation
awareness and sense making.
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