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1 Training description

1.1 Training task

The Alertness training module was developed for use with patients who have
neurological or psychiatric disorders related to attention activation. The module
focuses on improving the phasic and the tonic aspects of alertness.
In this training module, the patient is asked to press a button when a given stimulus
appears. The program measures the responses of the patient and determines if he
or she is able to work with other stimuli, scenarios, and/or interstimulus intervals.

 

Fig. 1: Training interface w ithout cockpit

The module uses real images to train the patient's alertness functions. The patient is
presented with a traffic situation. An object (e.g., an animal, vehicle, or person)
suddenly pops up on the road (see Figs. 1 and 2). The patient has to press the OK
button as soon as possible once the object appears.
There are 16 levels available for the training. Twenty objects are presented for each
level. Depending on the number of correct reactions, the patient will either reach the
next higher level (if there is a timely reaction to 90% of all presented objects), stay at
the current level (if there is a timely reaction between 75 and 90% of all objects), or
step down a level. These default settings can be changed at any time by the
therapist (see Training parameters).
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Fig. 2: Training interface w ith cockpit

Levels 1-6 are designed to improve phasic alertness. Before the stimulus appears,
the patient is warned by a sound. The stimulus is presented on the screen in a
stochastically calculated timeframe (1250–3750 ms; see Training parameters). The
patient has up to 1250 milliseconds to react to each stimulus in the first level. The
maximum reaction time decreases automatically as the level increases (see Levels
of difficulty).
Starting with Level 7, the training tasks are designed to improve tonic alertness. At
this level and higher, the patient does not hear a warning sound prior to the
presentation of stimuli. For all levels, the interstimulus intervals vary by as much as
50% more or less than the set time between the objects (see Training parameters).

A total of 32 scenarios and 48 different objects are available for the training. 

An optional setting includes choosing a cockpit view within the parameter menu (see
Fig. 2).

1.2 Performance feedback

The patient receives feedback after the set number of stimuli were presented. The
number of stimuli can be adjusted in the parameter menu. The feedback contains the
number of times the patient was able to react in time during the task.
The patient is informed whenever the level will increase ("Training will continue with a
more difficult task."), stay the same ("Training will continue with the same level of
difficulty.") or decrease ("Training will continue with a less difficult task."). Upon
reaching the highest level, the patient is told about his/her success ("You have
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reached the highest level. Training will continue at this level to strengthen your
abilities."). As long as the task is completed accurately (  90% accuracy [see
Training parameters]), the patient will continue to repeat the highest level until the
consultation time expires.

No immediate feedback is given to the patient if objects are missed during the
training.

After 60 seconds without pressing any button, a promt displays: "You did not react to
the objects. Press the OK button as soon as an object appearson the screen! Press
OK to continue!"

1.3 Levels of difficulty

Le
vel

Backgro
und

War
ning
soun

d

Maximum
reaction
time for

long
reaction

times [ms]

Maximum
reaction
time for

short
reaction

times [ms]

Stim
ulus
loca
tion

bw/
color

relevant item Hints and
Signs

1 a)
Country

road
b)

Country
road

yes 1200 700 cent
ral

bw 6 -> a) 6 Vehicles
6 -> b) 6 Vehicles

no

2 a)
Forest
path 

b)
Forest
path

yes 1150 670 cent
ral

bw 6 -> a) 6 Animals
6 -> b) 6 Animals

no

3 a)
Village

road
b)

Village
road

yes 1100 640 cent
ral

color 6 -> a) 6 Vehicles
6 -> b) 6 Vehicles

with
traffic
sign

4 a)
Village

road
b)

Village

yes 1060 610 right
-left

color 8 -> a) 8 Vehicles
8 -> b) 8 Vehicles

with
traffic
sign
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road

5 a)
Country

road
b)

Country
road

yes 1020 580 right
-left

color 8 -> a) 8 Vehicles
8 -> b) 8 Vehicles

with
traffic
sign

6 a)
Village

road
b)

Village
road

yes 980 550 right
-left

color 8 -> a) 6 Vehicles,
1 Animal, 1

Person
8 -> b) 6 Vehicles,

1 Animal, 1
Person

with
traffic
sign

7 a)
Country

road
b)

Country
road

no 940 520 right
-left

color 8 -> a) 8 Vehicles
8 -> b) 8 Vehicles

with
traffic
sign

8 a)
Country

road
b)

Country
road

no 900 490 right
-left

color 8 -> a) 8 Vehicles
8 -> b) 7 Vehicles,

1 Person

with
traffic
sign

9 a) City
road

b) City
road

no 870 470 vari
ed

color 8 -> a) 7 Vehicles,
1 Animal

8 -> b) 7 Vehicles,
1 Person

with
traffic
sign

10 a)
Village

road
b)

Village
road

no 840 450 vari
ed

color 8 -> a) 3 Vehicles,
5 Animal

8 -> b) 3 Vehicles,
5 Animal

with
traffic
sign

11 a)
Village

road
b)

Village
road

no 810 430 vari
ed

color 10 -> a) 6
Vehicles, 4

Persons
10 -> b) 6

Vehicles, 1
Animals, 3 Person

with
traffic
sign
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12 a) City
road

b) City
road

no 780 410 vari
ed

color 10 -> a) 6
Vehicles, 1

Animal, 3 Persons
10 -> b) 7

Vehicles, 3
Persons

with
traffic
sign

13 a)
Forest
path 

b)
Forest
path

no 750 390 vari
ed

color 10 -> a) 10
Animals

10 -> b) 10
Animals

with
traffic
sign

14 a) City
road

b) City
road

no 720 370 vari
ed

color 10 -> a) 5
Vehicles, 1

Animal, 4 Persons
10 -> b) 3

Vehicles, 2
Animals, 5

Persons

with
traffic
sign

15 a) City
road

b) City
road

no 700 350 vari
ed

color 12 -> a) 6
Vehicles, 1

Animal, 5 Persons
12 -> b) 6

Vehicles, 2
Animals, 4

Persons

with
traffic
sign +
traffic
lights

16 a) City
road

b) City
road

no 680 330 vari
ed

color 14 -> a) 5
Vehicles, 3 
Animals, 6

Persons
14 -> b) 5

Vehicles, 3
Animals, 6

Persons

with
traffic
sign +
traffic
lights

Tab 1.: Structure of difficulty

1.4 Training parameters

Specific settings for the training module can be adjusted (see Fig. 3). This section
describes each setting and explains how to adjust them.
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Fig. 3: Parameter settings

Level change
Duration of session:
In the parameter menu the session duration can be individually set for each patient.
The duration should be chosen dependent on the resilience of the patient, and can
be set between 5–60 inutes. The default time is 10 minutes. 

Level up:
To go to the next level, the patient must react correctly to the given percentage of
stimuli. The default value is 90%.
 
Level down:
The patient will go to an easier level if the number of reactions is less than or equal
to the given percentage of stimuli. The default value is 75%.

If the percentage of correct reactions is between the Level up and Level down
values, the current level will be repeated.

Number of items:
The number of stimuli per level can be adjust from 5–100. The default number of
stimuli is 20.

Interstimulus intervals
The declared values are set as approximate values. The interstimulus intervals will
vary by as much as ± 50% of the set value.

Before item:
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Approximate time before the next warning sound or object is presented. The value
can be changed to any number between 250 and 100,000 ms. The default value is
set at 2500 ms.

From sound until item:
Approximate time between the warning sound and object appearing on the screen.
The value can be changed to any number between 100 and 10,000 ms. The default
value is set at 1500 ms.
This time interval is omitted if no warning sound is enabled.

After item:
Interval after the stimulus was hidden. The value can be changed to any number
between 100 and 10,000 ms. The default value is set at 500 ms.

Automatic abort of module
Time before warning:
If there is no reaction within the given time, instructions will appear on the screen,
requesting that the patient reacts.

Time after warning:
If there is no reaction after the warning for the given time, the training will be stopped.

Reaction times
Fixed response time:
When this option is chosen, the same maximum reaction time will be used for all
levels. 

The maximum reaction times defined in the Levels of difficulty will be ignored in that
case.

Longer/Shorter response time:
Maximum reaction time for all levels will be used according the Levels of difficulty
section.

Show cockpit:
When this option is chosen, the dashboard of an automobile will be displayed to
simulate sitting in the driver’s seat.

Warning sound
Depending on level:
The warning sound will be played as defined in the Levels of difficulty section. This
means that only levels 1–6 will have warning sounds before the presentation of visual
stimuli.

Sound off:
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If this is selected, no warning sound will be played for any of the levels, independent

of Levels of difficulty.

Sound on:
If this is selected, a warning sound will be played for all levels, independent of Levels
of difficulty.

When newly defining a training, the system automatically uses the following default
values: 

Current level of difficulty 1
Duration of Session 10 minutes
Level up 90%
Level down 75%
Number of items 20
Interstimulus intervals Before item 2500 milliseconds
Interstimulus intervals From sound until
item

1500 milliseconds

Interstimulus intervals After item 500 milliseconds
Automatic abort of module
Time before Warning

60 seconds

Automatic abort of module
Time after Warning

60 seconds

Response time Longer response time
Warning sound Depending on level
Show cockpit off

1.5 Data analysis

All training sessions are placed in a chart within the Results tab. A training session is
selected by double clicking on the bar in the chart. Once selected, the results of the
session are presented in the Table and Chart tab (see Fig. 4).
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Fig. 4: Results of training

In the results table at the top of Fig. 4, the data for the training are displayed. 

Explanation of columns in the results table
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Items Number of presented stimuli per task

Correct Number of correct reactions within maximum reaction time
 (see Level of difficulty)

Correct [%] Number of correct reactions within maximum reaction time
out of all possible correct in percent (see Level of difficulty)

Omissions Number of omitted stimuli (no reaction or out of max
reaction time)

React. interstim. Number of reactions during the interstimulus interval

Median react. time [ms] Median reaction time per level

The parameter settings used during the training are displayed directly below the
table. The graphical presentation of the results (percent correct per task, median
reaction time per task) is also displayed on the Table and Chart tab.
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2 Theoretical concept

2.1 Foundations

The Alertness therapy module presupposes complex psycho-physiological
performance skills which allow individuals to react in a specific manner to particular
external stimuli. Phasic attention parameters have a big role to play in this module. 
 
Phasic activation is defined as the ability to increase the activation level for a
subsequent reflex situation, rapidly reacting to a warning stimulus (alertness), while 
tonic activation is designated for a relatively long, stable attention level.
 
In relation to the above terms, the term selective attention refers to focusing on
specific aspects of a task, reacting in a designated manner to a relevant stimulus
and ignoring a irrelevant stimulus. (Sturm, Hartje, Orgaß, & Willmes, 1994).
 
The ability to focus one’s attention is a fundamental prerequisite for a general
capability with regard to different cognitive functions. 
 
The ability to focus attention on relevant stimuli is dependent on internal variables
(e.g., physiological state, cognitive processes, emotions) and external factors (e.g.,
stimulus intensity, contrast, color, shape, spatial relationship).
Attention can be focused automatically (i.e., involuntarily) through especially intense
or novel stimuli (with high information content) by an orientation reflex. 

Sternberg (1969; as cited by Keller & Grömminger, 1993) distinguishes four stages
in his action oriented model of attention :

1. Perception, 
2. Identification of relevant stimuli, 
3. Choice of reaction, and 
4. Activity of a motor program in response to the stimuli.

These processes are partly automatic; and when specific aspects of situations are
detected, active analysis processes are set in motion. Automatic processes operate
in a smaller capacity in parallel, whilst all other processes require serial
manipulation. This provides for a larger attention capacity and therefore can be dealt
with more slowly.

In each reaction, there are several distinct phases:
Increased attention level in expectation of a stimulus
Presentation of stimulus
Latency phase
Decision time
Motor action

Reaction time is the description for the length of time between the presentation of
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the stimuli and the execution of a simple motor reflex. It consists of the latency time
(duration of the excitement in the nervous system) and the decision time (duration
of information processing) (Fröhlich, 1987).

The reaction rate is seen in connection with the rate of information processing,
whose most frequent operation represents the investigation of simple and complex
stimulus reaction experiments (Säring, 1988).

Münsterberg (1924) makes a distinction between simple- and multiple-choice
reactions.  

Simple-choice reactions refer to decisions where a reaction only to a relevant
stimulus is expected even though several stimuli are presented. 
Multiple-choice reactions refer to decisions where one is expected to react
differently to several relevant stimuli.

The reaction to relevant stimuli in a multiple-choice reaction is influenced by
additional factors:

Type of stimulus (acoustic, optical, thermal, etc.),
The differentiation between type and degree of stimuli,
Rate of appearance of relevant stimuli, and
The possibility of associative coupling between stimulus and reaction.

Intellectual and practical activities are impeded by attention and concentration
problems, which can be expressed in reduced photo and processing capacity,
reduced information processing speed, rapid fatigue and above all an increase in
distraction at a considerable measure.

Disturbances to attention include issues like slowness of reaction and an increased
error count in different tasks. Disturbances in Attention are caused most
frequently by neurological performance deficiencies after brain damage to
different areas or sources in the organic tissue of the brain (Van Zomeren &
Brouwer, 1994).  Disturbances to the reaction capabilities are found in
approximately 70% of patients. 

Above all, a slowing-down in reaction time and/or information processing speed is
often observed (Poeck & Hartje, 1989; Sturm, Dahmen, Hartje, & Willmes, 1983;
Säring, 1988; Benton, 1986).  Regel, Krause, and Krüger (1981) consider the
cognitive slow-down to be a main symptom of cerebral impairment.

In a psychological performance diagnostic, especially in clinical-neuropsychological
assessment, tests have a firm place for the examination of attention and reaction
capabilities (Zimmermann & Fimm, 1989).

The attention fields mentioned at the beginning can be separated diagnostically by
assigning different tasks to each of them.  
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Reaction behavior is often dealt with in connection with determination tasks. The
following parameters should be considered:

the required time, 
the number and kind of mistakes made, 
the development of mistakes over time or 
the processed amount of the submitted material in relation to overcoming
defined tasks. 

The advantages of such a diagnostic procedure lies in the extraction of measurable
variables, both intra- (development of the illness, therapy evaluation) as well as
interindividual comparisons (depending on the measurements of a normative group).

The sections Training aim and Target groups provide further information.

2.2 Training aim

The Alertness module’s training aim is to improve the patient's exactness and
reaction speed in relation to a set of given visual stimuli with and without a warning
sound. By using simple reaction tasks, the patient’s reactions to given stimuli—
related to realistic traffic situations—is trained.  
 
More recent research results recommends a differential approach to training, which
deals with specifically targeted disturbances in attention, because less theoretically
based or unspecific training tests have not been successful in all aspects of attention
(Gray & Robertson, 1989; Sohlberg & Mateer, 1987; Poser, Kohler, & Sedlmeier,
1992; Sturm, Hartje, Orgaß, & Willmes, 1994; Sturm, Willmes, & Orgaß, 1997). 
 
The module has also demands for visual performances. Furthermore, as with all
cognitive tasks after a certain length of time, demands are also put on the patient's
continuous attention capabilities.

Experience shows (Fernández et al., 2012) that computer-based training of one or
more attention components is particularly successful if carried out in the post acute
phase after the insult. In addition to the functional training, the computer gives 
systematic feedback to the patient which can improve his/her self-observation and
thus teach him/her how to cope with his/her attention resources. The patient also has
the chance to improve self-perception and thereby the optimal allocation of the
program's attention resources are fully used. From a therapeutic point of view, it is
important that, along with the confrontation of existing deficiencies, information
transmission and individual coping and compensation strategies are developed (for
example, the prevention of particular stresses or the use of external help by
association with specific standard situations). Here, relatives could also assist in
order to reduce stress levels.

On the basis of the first results and/or continuous diagnostic, it should be decided
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whether to use the training module Alertness training (ALTA) alone, or in
conjunction with other modules. (e.g., Reaction behavior [REVE], Attention &
Concentration [AUFM], Divided Attention [GEAU], Vigilance [VIGI]).

2.3 Target groups

The use of this module is recommended for patients who suffer from diagnosed
impairments to reaction speed/safety which have been caused by disturbances to
memory or lesions to the brain.
Disturbances in reaction capabilities can occur after modal specific or unspecific
neuropsychological illnesses. This is also true for disturbances in attention.
 
Conceptually, it is assumed that different attention functions can be disturbed
selectively. Diffuse brain injuries after traumatic or hypoxic etiology are often
followed by unspecific attention deficits, such as rapid fatigue, increase in the need
for sleep, and a general loss of motivation. Localized insults, however (e.g., after
vascular genesis), often lead to specific attention deficits. Basically, any insults to
the cortex area can cause attention disturbances. After lesions of the brainstem in
the region of the reticular formation or after lesions of the right parietal cortex,
disturbances in phasic or tonic alertness and in vigilance have been reported.   Left-
sided cortical lesions, on the other hand, damage aspects of attention selectivity,
and is especially noticeable in tasks requiring a choice between a range of stimuli
and reaction alternatives (covert shift of attention) (Sturm, 1990). 
 
Assuming all the specific deficiencies of the different aspects of attention have been
taken into consideration, then this training module could also be used.
This particular module is suitable for patients who suffer from disturbances that affect
phasic activation and selective attention. 
 
Patients who suffer from a type of motor sickness (e.g., partial paralysis) have the
possibility to train their reaction speed with their dominant or healthier hand. 

The demanding nature of the stimuli in this module on patients who suffer from a
strong dysexecutive syndrome (which occurs after injuries to the frontal area of the
brain) can have a positive effect on their reaction capabilities.

Under the premise of maximum specificity and to achieve the highest possible
efficiency of training, 
a differentiated neuropsychological diagnosis should be prerequisite for the creation
of a therapy plan including computer-based procedures.

Excluded from the diagnostic are:
serious visual deficits, and
strong disturbances in attention.
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speed of reaction     13, 14

stimuli per level     8
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tiredness     14
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training efficency     14
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