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Introduction
In the course of the 20" century technological developments have completely

changed the landscapes of education, healthcare, work, and warfare. Yet, the men-
tal test technology still solidly rests on the foundation laid by the US Army Alpha Test
developed in World War 1. Sure, the market is now flooded with “computerized”
tests, but these are simply paper-and-pencil tests adapted for the computer. Test
items that previously were presented one-by-one in test booklets are now presented
one-by-one on a computer screen and the examinee’s performance still consists of
selecting one of the multiple answers to these questions (Ippel & Hurwitz, 1998).
Test designers continue to work within a testing paradigm that is constrained by the
limitations of the old medium (printing on paper)! and do not apprehend the full po-
tential of information technology in realizing new measurement methods and open-

ing up new domains of measurement.

Constraining effects of the old medium

One example of the constraining effect of the printing medium can be found in the
measurement of technical aptitudes. Declarative knowledge is the preferred type of
knowledge to be represented in print.> Even when technical knowledge is the mea-
surement objective, it is exclusively treated as declarative knowledge (e.g., ASVAB
subtests: Auto/Shop, Mechanical Comprehension, Electronics Information). Howev-
er, the relationship of technical knowledge as declarative knowledge with an aptitude
for technology is - at best - indirect (i.e., it is likely that individuals with a high
technology aptitude are interested in technology and thus acquire a relatively large
(declarative) knowledge base of technical domains compared to individuals who lack
that interest).

Although the traditional test paradigm has shown to be adequate for many purposes,
it limits cognitive testing to certain domains at the exclusion of others. Technological
developments, in particular the advent of Information Technology, have made the
ability to deal with systems that have a dynamics of their own increasingly impor-
tant. However, within the traditional test paradigm it is very difficult, if not impossi-

ble, to capture the intricacies of procedural skills such as involved in technological

1
2

This also includes (hand) written texts, and figures.

Procedural Knowledge is the knowledge of “how to” (e.g., how to replace a car battery). Declara-
tive Knowledge is the knowledge of “what” (e.g., what agent in a car accumulates and disperses electrici-
ty).
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aptitude(s). Procedural skills typically consist of sequences of actions, often in re-
sponse to state changes in a physical (or conceptual) system. To measure just the
final outcome of these action sequences misrepresents the nature of procedural

skills.

Testing Procedure Acquisition Aptitude

I founded CogniMetrics, Inc.® with the explicit purpose to research and develop inno-
vative assessment tools. Our flagship product, the Information Technology Aptitude
Battery (ITAB), is a good example of innovation in the technology of mental mea-

surement.

The purpose of the ITAB tests is to measure the aptitude to learn procedural skills.
In order to do that the tests provide a task environment in which the examinee has
to develop procedures (or algorithms) to achieve a goal. The test measures how ex-
aminees incorporate feedback from the system into their follow-up actions and how
quickly this leads to the build up of a more or less efficient algorithm. The test
scores reflect the efficiency of these procedures and estimate how much exposure
(i.e., training) the examinee would need to be able to develop a maximally efficient

procedure.

Two basic innovations are: (1) the test provides an interactive environment, and (2)
actions of the examinee are not scored as singleton answers to distinct problems, but

are analyzed as sequence patterns.

o Complete interactivity is achieved by creating an internal representation of
the task-environment. Artificial Intelligence technology is used to compute the

"intelligence" of each step taken by the examinee.

o Unlike the present generation of computerized tests, the ITAB tests do not
consist of items with a standard set of response alternatives. Within the task-
environment created by the Hidden Target test, the examinee is free to act.
The examinee must produce sequences of actions to achieve a certain goal.
These examinee actions should use the feedback from the system. Perfor-

mance assessment is based on an analysis of these action sequences.

Each ITAB test provides an interactive task-environment. An examinee action (user

action) changes this environment (system action) and the examinee receives infor-

3 See: www.cognimetrics.com.
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mation about the new state of the task-environment (system output). The cognitive
diagnosis component of the tests measures these changes per user step and analyz-
es sequential aspects of the user action sequence (Markov model) and the informa-

tional content of each new system state.

For both ITAB tests the many measurements generated by the respective diagnostic
components are organized into three scores that are intuitively accessible, viz., IN-
TELLIGENCE (efficiency in extracting information) and SYSTEMATIC APPROACH
(measuring whether the individual follows a steady approach and is careful in his/her
inferences), and PERFORMANCE (a multifaceted performance score for procedural
aptitude). The scientific basis of structuring of test information in this way is an em-

pirically tested structural equations model (Figure 1).
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Figure 1. Structural Equations Model Generating ITAB Scores. In this

case the SE model is for the Battery Test.
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Aviation constitutes a high-performance work environment

The following is based on my research on remotely controlling airplanes (UAVs) at
the AF Research Laboratory at Brooks AFB in the late 90s (Ippel & Watson, 1998;
Watson and Ippel, 1998).

UAVs operate under stringent time and fuel constraints. Missing a target in a recon-
naissance mission often represents a failure that is hard to correct during the same
mission. UAV teams operate in a high-performance work environment. To maintain
workload at manageable levels, technology has to be developed to either empower
human operators to handle the workload, or to distribute the workload between hu-

man operators and intelligent decision aids.

In this section I would like to focus on the general characteristics of those empower-
ing tools. The following observations may help to better understand what is at issue

here.

o A UAV is a tool itself that empowers human operators to precisely target ob-
jects, or persons, over large distances.
o It has a relatively large (output) action repertory that is controlled by a rela-

tively small set of different user actions.

The latter observation is particularly important. Many empowering tools derive their
versatility from a relatively complex internal structure that maps the same user ac-
tions on different system (output) actions dependent upon its current (internal)
state. An example that we are all familiar with is the cruise control system in cars, a
standard feature of cars in the US nowadays. The purpose of cruise control is to

lower the workload of the driver.?

What causes a typical danger in driving on cruise control? Often the driver is mista-
ken with regard to the current (internal) state of the cruise control system. We call
that “state confusion”. The choice of user action has to be derived from the required
system action given traffic conditions. For example, accelerate or slow down. It is
clear that state confusion can be dangerous if a particular user action would result in
different system actions in different states of the system, or fail to have an effect

when the state is in a state on which the user action is not defined.

4 Somewhat odd is the fact that cruise control systems lower the workload safely only when the

workload is at its lowest already (i.e., on quiet Interstate Highways).
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The UAV control task is highly susceptible to state confusion risks. In a typical UAV
control system one of the operators is sitting in front of a monitor that displays a 2-D
map with a north-up alignment, also showing the current position and direction of
the UAV. Now, let us assume the UAV is flying alongside the Y-axis of his computer
monitor and the UAV camera is in the same direction as the UAV roll axis. Then, the
effect of a user action, say, forward, is to move the scanned spot further up along-
side the Y-axis. However, when the UAV is flying alongside the X-axis, say, east-
ward, the same user action now causes the camera to move along the X-axis. Thus,
the same user action corresponds with more than one output action. The problem
for the UAV operator is to translate his perspective (north = up) into the UAV pers-

pective.

What is (or probably: was)’ exactly the task of a UAV camera operator? Any time a
camera operator takes action to cause a particular camera action, he faces an uncer-
tainty of which user action should be chosen. Given the present direction of the UAV
camera (which is the direction in which the UAV flies) and the location of the object
to be scanned a particular camera operation is expected. Let's assume for the sake
of simplicity that the camera operator works with four arrow keys (i.e., possible user
actions) and only on of these keys can cause the required camera operation (i.e.,
system action) given the task situation.® The amount of selective work required in
performing the Camera Directory Task can be divided into two stages. First, the
camera operator has to extract information from the task situation, that is, he has to
map the task situation onto a required camera operation. Second, the camera oper-
ator has to decode the expected camera action into an arrow key (i.e., a camera op-
erator action) to cause that particular action. Discrepancy between the operator
perspective and camera (or UAV) perspective - most likely — affects does the first

stage (for details see: Ippel & Watson, 1998).

Steve Watson and I reported a study (Ippel & Watson, 1998) with a prototype of a
test to assess a person’s capacity to handle the various degrees of discrepancy be-
tween the two perspectives. Figure 1 presents the average performance of a group
of 173 Air Force recruits on this test. The testees had to shoot targets while flying a
fighter jet in various different directions (under 0, 30, 60, ..., 300, 330 degrees with

a north-up alignment.

GPS systems could significantly simplify the camera operator task.
This reflects the situation in our prototype test.
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When the operator selects the appropriate arrow keys to cause the required camera
actions all the time, we speak of maximal information transmission. Figure 2 shows
that information transmission is close to maximal when the two perspectives coin-
cide. As the disparity between the perspectives increases the number of state confu-

sions increase and errors occur. Note that:
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Figure 2. Information Transmission as function
of the disparity in operator and UAV perspectives.

1. This does not mean that the maximum information transmission has become
lower, but that the actual information transmission has decreased, because

of information loss (as indicated by performance errors).

2. The linear functional relation between perspective disparity and information
transmission does not hold for the entire domain between 0 and 180 degrees
of disparity. Surprisingly, the number of errors is largest at a disparity of 90
(and 270) degrees.

General Conclusions:
For now the details of this study are not of importance. I will make a few remarks

from the perspective of the theory and technology of cognition testing.

1. Traditional approaches to mental testing (classical test theory, generalizability

theory, item-response theory) would use a single score (e.g., the mean) to
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characterize this UAV performance. Variation around the mean would be re-
garded as random error. Figure 2 shows that this might not be a valid as-
sumption. The performance pattern can be fairly accurately described by a

cosine function.

2. Part of the R&D for new tests will be the development of models of task per-
formance, mathematical models that adequately represent the cognitive
processes involved in task performance. Given the complexity of the aviation
domain as work environment these models may be fairly complex, that is,
non-additive and non-linear (see also: Ippel, 1986, 1991; Lohman and Ippel,
1993).

I am convinced that this UAV Payload Camera task can be model for a whole
range of empowering tools. The general characteristics of task performance

with empowering tools are:

o Extract information from the task environment so as to be mapped onto

the required system action.
o Decode the required system action into a user action.

o Factors determining the workload are: (1) domain-general: the size of the
sets of system actions, the set of user actions, and the complexity of
mapping those two sets using the intermediary of a set of internal states.
(2) domain-specific: factors involved in extracting information from the

task-environment (e.g., is it a spatial task, a symbolic task, etc.).

The mathematics to pursue the development of measurement instruments to

measure the individual’s capacity to deal with those tools is available.

3. Assessment of this performance took an exorbitant number of trials: 960 per
individual. I expect that a great deal of sophistication have to be invested in
designing more parsimonious observation designs for this new generation of

measures. Bayesian approaches may provide workable solutions.
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