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Abstract
The aim of this study was to investigate what experimental subjects actually learn from practice and how their way of making decisions changes in a spatio-temporal task. The instrument for that testing these is NEWFIRE, a microworld designed by Løfborg and Brehmer[1]wish has found widespread use in studies of dynamic decion-making. The study was performed with nine battalion commanders. Conclusion of the study is that performance improves with training; there is a learning effect. This agrees with earlier results with NEWFIRE [1].Both sub-groups acquired a changed way of working in their manner of making decisions, they was forward-looking situation of development. One can also note that differences occurred between the groups in regard to behaviour and cognitive thinking. Both sub-groups have changed their manner of making decisions. 
1.0
Introduction
Studies of dynamic decision-making with spatio-temporal system have shown that decision-making is improves with training [2, 3, 4]. However, it is not show precise, which behavioural changes result from the training and lead to greater success and/or a different approach to the task. In the study of Brehmer & Nählinder [9] comments that there are requirements is studying what people actually do in dynamic tasks, not only into whether or not they perform optimally. The aim of this study was to investigate what experimental subjects actually learn from practice and how their way of making decisions changes in spatio-temporal task. The instrument for that testing these is the microworld, NEWFIRE [1].
1.1
Microworld
Microworlds have three characteristics [5]. The first is that they are dynamic, meaning that the system remembers what the experimental subject has done. In other words, the decisions made by him/her influence the future state of the problem. Second, a microworld is complex – the task contains several linked processes. Third, a microworld is opaque; it does not automatically disclose its properties to the experimental subject. The subject must acquire information about these properties in order to develop and test his/her hypotheses. 
The task in NEWFIRE has all the characteristics of a dynamic decision problem as defined by [6] as follows. Such a problem is solved by making a series of decisions. The decisions are not independent of each other. While the decision-maker works on the problem, the environment changes, both autonomously and in consequence of his/her actions. Moreover, the decisions are made in real time. A previous study has demonstrated that the assignment carried out by, for example, a battalion commander can be considered a dynamic decision-task [7]. 
1.2
Time constants
The term time constants of control theory are a type of delay which Brehmer [6] specifies as the time elapsing from the decision-maker’s initiation of a measure until it has taken effect. To investigate the time constants, NEWFIRE where used in those stu​dies. NEWFIRE involve general principles for how one dominates an area. The extent of a fire increases periphery across the area with time. The area of the fire-fighting process increase linearly. How it must be performed changes at the point where the process intersects the fire’s spread. Before this point, the fire officer is “over-strong” and covers more area per unit time than the fire can. It is then possible to fight by attacking directly and putting out the fire. After this point, one must employ other methods, since the fire is now “over-strong”. The possible strategies for fighting are to stop the fire – by containing it so that it does not spread – or to divide it into smaller parts for direct attack. This enables one to become “over-strong” again.
Similar requirements are imposed in the following military example. An enemy manifests itself in the form of, for instance, an air landing somewhere on the situation map. Once more, the decision-maker must take a stance on whether he/she should attack the enemy directly, encircle it at a near or longer distance, and/or spread out the units. He/she must de​cide where the critical point lies, that is, when the process and the enemy intersect each other.
In earlier studies of Brehmer [8] the results have shown that while the participants are able to cope with the time constants, quickly learning to respond rapidly and massively to a fire, they have considerable problems with dead time and delayed reports.
In a study with NEWFIRE of Brehmer & Nählinder [9] the purpose was to investigate whether the participants would learn the time constants for the firefighting task. The result from this study was that the participants do not learn the time constants of the fire fighting task. They have not learned to discriminate between two fires, that is to say fires requiring different number of units if they were not allowed to move any units before the fire started. In earlier studies [8], the results have shown that they have a general strategy of massive and rapid responding rather than an adaptation to the specific time constants of the task. This is true also on the individual level. The study suggests that people are not able to adapt to the specific time constants. The participants adapted to qualitative characteristic, but not the qualitative features. However, the results show also that they used the heuristic of repositioning their units, suggests that they may be aware of the difficulties that they have with the precise time constants and seek alternatives.
1.3 Problem formulation

The purpose was to investigate what the decision-maker learn by describing how they use the units. Do they change their in working pro​ce​dure and understand the time constants better? This is the concrete question confronted here.
2.0 Method

2.1
Experimental subjects
Nine battalion commanders volunteered to participate in this study after being briefed on the nature and objective of the study. Their age was 30-35 years and they had comparable experience and they has major’s badge. 
2.2
The experimental task
The study used NEWFIRE [1] a microworld simulating forest fire fighting. Figure 2 shows what the subjects sees. The task was to act as fire chief and extinguish a forest fire. At their disposal, the decision-maker had eight fire fighting units. In most scenarios, there is a base in the middle which must be lost to fire. The scenarios in NEWFIRE may vary as regards the strength and the direction of the prevailing wind, the units’ speed, and where the fire starts. Apply same kind of the scenarios from the studies with the microworlds of Brehmer & Allard [1], except two scenarios without a base. The scenarios with base have the base located in one of the middle four squares in the map, I8, se Figure 1. The fire fighting units were placed in the surrounding eight squares. The fires starting at a distance 6 to 9 squares from the base and had two fires starting. The scenarios without base were creating explicitly for this study, the idea was that test the possibility to create the scenarios for this test. A total of 24 scenarios have been used, of which six were also used as test scenarios. The scenarios at Test 1 were the same as at Test 2. The experimental subjects received no information about the variations in the scenarios. The reasons for the variations were that the subjects had to be trained for unforeseen events, and that their learning should not be too routine. 
[image: image7.jpg]}
A NATO
\4% OTAN




Figure 1. The NEWFIRE interface.

2.3
Procedure and design

The experiment was conducted at the subject’s regiment. The experimenter gave instructions about performing the experiment. Thereafter the experimental subjects familiarised themselves with NEWFIRE during five games, to learn the commands and the existing information about the units. Then the first test was carried out with six scenarios (Test 1 = before trai​ning). The time for the test were varying between 55 minutes to 101 minutes. The subject was asked to “think aloud” while performing the task. Moreover, the subject was interviewed after each scenario. The same procedure was used during the second test (Test 2 = after training). The time for the test were varying between 23 minutes to 64 minutes. Between the two test occasions, the subject had to practice in 20 scenarios, the time for these scenarios were varying between 1 minute and 50 minutes. The experiment was divided into two sessions for each subject. The test scenarios were presented in the same sequence to all participants.  

2.4
Measurement

Measurement during the tests was done in four ways. First does a measurement lost of the area when the scenario had been finished. Next, were interview questions from the Critical Decision Method [10]. Just as in the previous study [7], it was necessary to describe how the subjects thought when they made decisions. The third measurement made use of a tape recorder – the subject was requested to “think aloud” [11] while performing the game. Finally, the movements of the units were automatic registered. 

2.4
Analysis

According to the investigation conducted with battalion commanders’ decision-making in dynamic situations exhibit the same behaviours that Dörner [12] has found in his studies with microworlds. Dörner [12] describes the differences in behaviour between successful and un​suc​cessful decision-makers in dynamic decision-making. The differences can be summarized in five factors. (1) The successful participants reconnoitre to see where the real problems lie, and take these on first – they work systematically. (2) They gather information, which is then used to construct a model of reality for planning effective action. (3) Everyone develops hypo​the​ses, but the difference between good and bad decision-makers is how they evaluate their hypotheses. (4) Good decision-makers ask more why-questions and think about causal rela​tionships that lie behind events. (5) Finally one assesses one’s behaviour and considers why things went as they did – a process of self-reflection. The results from the previous study [7] showed that the factors which describe differences in behaviour could be observed among the experimental subjects in the study. The subjects engaged in self-reflection and expressed hypotheses, but they did not evaluate the hypotheses to an equal ex​tent. The factors of “gathering information” and “working systematically” were at the same low level.

Coding of the movements during the first fifteen time units [1] were carried out for the following cases: 

· direct attack on the fire 

· close encirclement, meaning within a distance of three squares from the fire   

· distant encirclement, meaning beyond three squares from the fire  

· direct attack on the second fire

· redistribution/spreading and preparation 

This choice of categories is motivated by the aim to describing the decision-maker’s understanding of time constants and whether he/she can distinguish between the scenarios’ requirements for fighting [9]. The “think aloud” protocol was written down and an analysis of the first fifteen time units was coded on the basis of the above categories, with the addition of the categories from the descriptive method (Kylesten, 2005). The interviews were also written down and coded in the same way as the “think aloud” protocol. 

3.0 Results
The first a part of this section shows the overall results for experimental subjects before and after training with NEWFIRE. The second part presents the pattern of how subjects chose to move their units during the first 15 time units. The third part contains results from the “think aloud” protocol and interviews after each scenario.
3.1
The effect of training in NEWFIRE
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Figure 2.  Average value of lost area when the fire had been put out, before and after training. 

The measurements reported in Figure 2 are the average area lost to fire by the subjects, before and after training. These results show that the training improved the performance – less area was lost. A 2-way ANOVA (trial) showed that the difference was significant, F (1.8) = 57.48, ​p<.0001. The interaction (trial by scenario, scenario) was not significant. This shows that the training effect was the same for all scenarios. Similar training effects have been observed in other studies with microworlds [2]. According to them, the improvement was due to the experimental subjects having learned the time constants and adapted their strategy to these conditions by acting quickly and strongly.

3.2
Description of movement

In scenarios 1 and 6, a direct attack succeeds be​cau​se there is no base to defend and the units are fast. The course of events is here quickly, thus it show nothing between the subjects movement, all go direct on the fire with all the units. Henceforth, the results are reported only for the scenarios with base, the two best subject (the best group) and the two worst subjects (the worst group). Here a result is reported on how the sub​jects moved their units (Table 1). Both groups decreased their result in Test 2 for direct attack and distant encirclement. On the other hand, the redistribution for both groups increased between the tests. The best group differed itself from the worst one in close encirclement, where its result decreased. The effect of the changed way of working was manifested in improved results.

The best group made 6 direct attacks immediately after the fire arose out of 32 on the first test occasion, and 12 out of 22 on the second occasion – while the worst group made 16 immediately out of 54 on the first occasion, and 14 out of 43 on the second. These results indicate that the subjects adapted to the task requirements, i.e. they learned something about the time constants. The worst group has more proportion of direct attacks – worse adaptation to the time constants. This is also evident from Table 1. 

Table 1.  Combined results for the two best and the two worst experimental subjects in the scenarios with a base. 

	Scenarios with base
	                     Test  1
	
	                         Test  2
	

	
	Best
	Worst
	Best
	Worst

	Direct attack
	32
	54
	22
	43

	Close encirclement
	87
	45
	68
	76

	Distant encirclement

Redistribution/spreading
	41

9
	13

2
	15

12
	5

6

	Preparation
	13
	3
	6
	3


The pattern that has paid off for having a large area left after putting out the fire. Many units are then mobilized early in order to be prepared for engaging the fire quickly. The pattern also includes encircling the fire both beyond and within a distance of three squares. Directly attacking the fire pays off only when standing near it with a unit and, at the same time, being able to encircle it so that it does not spread. Delay has meant, in most cases, falling behind – although when many units are active, it can be success​ful since a strategy has been thought out. Direct attacks also succeed in scenarios 4 and 5, whereas indirect action is advantageous in scenarios 2 and 3. 

Table 2 gives an overall picture of how the experimental subjects acted in the respective scenarios with a base, in terms of the most rewarding behaviour. During Test 1, there was more indirect action in the scenarios which required it, but this was not the case during Test 2. Likewise, during Test 1 there was more direct action in the scenarios which required it, but the pattern was not so clear during Test 2. The subjects made more direct attacks in Test 2 than in Test 1, during the first part of the time involved. On the other hand, they decreased their indirect action during the first part of Test 2, relative to Test 1. Thus, in general, they acted with more direct attacks after the second fire. 
Table 2.  A summary of the direct and indirect actions of all subjects. 

	
	
	After fire 1 

until a shift of wind
	After fire 2 

until time unit 15
	Summation

	
	     Test 1
	DA
	IA
	DA
	IA
	DA
	IA

	I action  
	Scenario 2
	6
	77
	24
	56
	30
	133

	I action  
	Scenario 3
	7
	63
	24
	52
	31
	115

	D action  
	Scenario 4
	7
	64
	28
	66
	35
	130

	D action  
	Scenario 5
	6
	49
	39
	59
	45
	108

	
	
	26
	253
	115
	233
	141
	486

	
	Test 2
	
	
	
	
	
	

	I action  
	Scenario 2
	12
	49
	15
	47
	27
	96

	I action  
	Scenario 3
	11
	56
	29
	49
	40
	105

	D action  
	Scenario 4
	9
	55
	24
	68
	33
	123

	D action  
	Scenario 5
	11
	51
	29
	71
	40
	122

	
	
	43
	211
	97
	235
	140
	446


DA = Direct attack, IA = Indirect attack, I action = Indirect action gives succeed in the scenario, D = Direct action gives succeed in the scenario

3.3
Results from the “think aloud” protocol and interviews

It proved difficult to get the experimental subjects to “think aloud”, and consequently the results were meagre. The patterns of both groups are similar for scenarios without a base. One difference is that the best group made fewer comments. Both groups thought primarily of gathering information and thereafter of close encirclement. They also gave some con​si​de​ration to distant encirclement and direct attack. For scenarios with a base, there was a difference between the groups as regards their comments, with the following results. Gathering information increased for the best group, while for the worst group it decreased by Test 2. Comments on freedom of action decrease for both groups by the second test. That time is crucial was often remarked by both groups – the worst group primarily during the first test, and only half as much during the second test. The best group made many comments about experience on the first occasion, mentioning for instance comparisons of the task with an air​borne landing. In contrast, the worst group increased its comments about experience by the second test and then made more remarks about experiences from the training. Direct attack occurred more frequently for the worst group. Close encirclement increased between the tests for the worst group, whereas it decreased for the best group – and the opposite was true for distant encirclement. The interviews summarized and displayed in Figures 2 and 3 are commented upon below with a division between cognitive and behavioural factors. 
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Figure 3. Summary of the interviews during Test 1 after the scenarios with a base.
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 Figure 4. Summary of the interviews during Test 2 after the scenarios with a base.

3.4
Cognitive factors 

Self-reflection decreased considerably for both groups from the first to the second test. In the first test, both groups – especially the worst one – used more hypothetical thinking than in the second test. The factor of evaluating hypotheses does not differ between the groups. 

3.5
Behavioral factors
As for experience, it increased for the worst group, while the best group had relatively many comments about expe​rience already in Test , for example comparisons of the task with an air​borne landing. This agrees with the “think aloud” protocol. Winning time increased for both groups, but the best one thought about it to a greater extent on both occasions.To contain the fire is a type of behavior that increased for the worst group, and vice versa for the best group. Close encirclement increased by Test 2 for both groups, although to a higher frequency for the worst group. Regarding distant encirclement, only the best group did it in the first test, but the worst group also exhibited this behaviour in the second test. The same ten​dency existed in the “think aloud” protocol. Direct attack increased for both groups, and its more frequent performance by the worst group agrees with the results from both “movement” and “think aloud”. 

Table 2 and 3 below also reports the occurrence of categories in the form of frequency in the interviews, for the respective scenarios with a base and for the best and worst group’s re​specti​vely, in order to expose possible patterns. Some differences emerge in Table 2 and 3 between Tests 1 and 2. Both groups pointed out the importance of time to a greater degree Test 2. Regarding direct attack, a certain increase occurred, but the best group adapted these com​ments to the scenarios where it paid off. Encirclement, at both close and long range, drew comments that increased by the second test occasion, where there was no great difference between scenarios either. 

4.0 Discussion

The most important conclusion is that performance improves with training; there is a learning effect. This agrees with earlier results with NEWFIRE [1].Both sub-groups acquired a changed way of working in their manner of making decisions, they was forward-looking situation of development. One can also note that differences occurred between the groups in regard to behaviour and cognitive thinking. 
4.1
Limitations of the study

Difficulties arose in getting the experimental subjects to think aloud, and the groups differed here as well. The better group did not think or talk aloud as much. Data on the “think aloud” protocol from the scenarios with a base also indicate that the subjects with better results had more trouble in sharing their thoughts aloud. This may have been because their concentration was greater. Moreover, the difference is manifest in that the worse group thought or talked more about the action itself, and not about the cognitive thinking. 

4.2
Type of task and requirements set for performing it

However, the task differs between the scenarios, in that four of the scenarios require a direct attack to succeed better, while two of the scenarios require a more indirect attack. In the scenarios without a base, all the subjects clearly understood where they had to act rapidly and massively so as not to fall behind. Both groups thought about the decisive importance of time during Test 2. Looking at the total picture of all subjects acting in the scenarios with a base, the subjects acted similarly for all scenarios. 

4.3
The time constants 

The study shows the degree to which the subjects understood the time constants, so that they distinguished between scenarios with direct attack and those requiring encirclement. There was a tendency in the better group to understand the time constant as regards seeing the crucial importance of time. The groups differed in that the better one acted either indirectly or directly where the scenarios required it. As an example, in the scenarios that called for direct attack, they went out and prepared themselves so as to act directly. 

The interviews, too, demonstrate the degree of understanding of the time constants. In the scenarios that require direct attack, the subjects speak more of winning time, advancing early and attacking directly. In particular, they speak of direct attack by Test 2. In the indirect scenarios, they refer more to freedom of action and to containing the fire. This applies to both groups and in both tests. Each group detected the second fire immediately and showed this by acting instantly with redistribution. If the units were nearby, the subjects made a direct attack; otherwise encirclement came first. 

4.4
The significance of training

Both groups possessed experience that was significant for their actions. But they differed in regard to what kind of experience they thought they had. The worse group had acquired experience from training with microworlds, while the better group pointed to experience from training done in other contexts and, for example, compared the game with an airborne landing. This illustrates the possibility of “transfer” between microworld training and other exercises, as well as the better group’s capacity for abstract thinking. Here is something which should be further investigated in future experiments. It is an important dimension that needs exploring in order to use microworlds and other simulations for training. Another learning effect for the best group was the understanding of gathering information, by exploiting the opportunities that the microworld offers. 

4.5
Descriptive method

The study shows that the descriptive method which was presented in the introduction, with preconditions and working procedure, was useful and could describe the subjects’ decision process. From the interviews and “think aloud” protocol, the following emerges. As regards the preconditions, the goal was clear for all subjects – to extinguish the fire as quickly as possible and to save as much land as possible. The better group had a model based on its earlier experience, whereas the worse group acquired a model by Test 2 on the basis of the games in ongoing experiments. The subjects mentioned the importance of controlling a certain the state of the task, which demonstrated the need for observability. They were able to influence the system through their action. 

The working procedure has been manifested as follows, also in agreement with Dörner’s [12] results on differences between better and worse decision-makers. The subjects reacted to change, that is, the signals and text information that appeared on the screen. They gathered information through signals and text, and increasingly so for the better group. As for working systematically, the best group did so more fully by gathering more information as well as making use of it. In both groups, hypotheses and evaluation of hypotheses occurred – corre​sponding to results from the earlier study [7]. In the present study, the better group tended to evaluate hypotheses somewhat more, if one simultaneously considers what they said aloud during the tests and interviews. The worse group did not evaluate their hypo​theses in Test 1 as they did in Test 2. Causal relationships – win​ning time and having freedom of action – were what the best group thought about, along with the consequences thereof. Self-reflection, about why things went as they did, was addressed more often in Test 1 by both groups. Test 2 was more successful and, perhaps therefore, little urge existed to reflect upon the reasons. 

5.0 Conclusion

The purpose of this study was to investigate what experimental subjects actually learn from practice and how their way of making decisions changes. The instrument for that testing these was a microworld, NEWFIRE [1]. The results support the hypothesis that performance improves with training. This agrees with Brehmer & Allard [2] results with NEWFIRE. Both sub-groups have changed their manner of making decisions. It was also differences between the groups in regard to behaviour and cognitive thinking.
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