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4 PIO Rating Scales

PIO rating scales have been introduced as a PIO tailored extension of more comprehensive
handling qualities rating scales. They try to standardise the PIO assessment to enable a
comparison between several pilot evaluations. Thereby it is not sufficient to distinguish between
the two cases "PIO occurs" and "PIO free". The scales also try to rate how serious possible PIOs
are. All of the scales are based on pilot comments and because they always inhere a natural
scattering, several attempts have been made to improve the scales. Therefore the first part of
this report gives an overview of several PIO rating scales, their origin, their special features and
modifications between them.

4.1 Description of current PIO rating scales

4.1.1 PIO Tendency Rating Scale

The PIO tendency rating scale by Cornell Aeronautical Labs (later Calspan, now Veridian
engineering) was the first PIO rating scale (Figure 41). It was used during a flight test program
in 1967 [18].

DESCRIPTION NUMERICAL
RATING

NO TENDENCY FOR PILOT TO INDUCE UNDESIRABLE
MOTIONS.

UNDESIRABLE MOTIONS TEND TO OCCUR WHEN PILOT
INITIATES ABRUPT MANEUVERS OR ATTEMPTS TIGHT
CONTROL. THESE MOTIONS CAN BE PREVENTED OR
ELIMINATED BY PILOT TECHNIQUE.

UNDESIRABLE MOTIONS EASILY INDUCED WHEN PILOT
INITIATES ABRUPT MENEUVERS OR ATTEMPTS TIGHT
CONTROL. THESE MOTIONS CAN BE PREVENTED OR
ELIMINATED BUT ONLY AT SACRIFICE TO TASK PERFORMANCE
OR THROUGH CONSIDERABLE PILOT ATTENTION AND EFFORT.

OSCILLATIONS TEND TO DEVELOP WHEN PILOT INITIATES
APRUPT MANEUVERS OR ATTEMPTS TIGHT CONTROL. PILOT
MUST REDUCE GAIN OR ABANDON TASK TO RECOVER.

DIVERGENT OSCILLATIONS TEND TO DEVELOP WHEN PILOT
INITIATES ABRUPT MANEUVERS OR ATTEMPTS TIGHT CONTROL.
PILOT MUST OPEN LOOP BY RELEASING OR FREEZING THE
STICK.

DISTURBANCE OR NORMAL PILOT CONTROL MAY CAUSE
DIVERRGENT OSCILLATION. PILOT MUST OPEN CONTROL
LOOP BY RELEASING OR FREEZING THE STICK.
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Figure 41: PIO tendency rating scale
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The scale was patterned on the CAL and the Cooper3 rating scale, both predecessor of the
Cooper-Harper rating scale. It mainly consists of a schedule, assigning six different descriptions
of aircraft behaviour to numerical values. The scale was used in some further research programs
e.g. in the Neal-Smith study.

4.1.2 PIO Tendency Classification Scale

In 1981 the PIO tendency rating scale was modified [19]. According to the development of the
Cooper-Harper rating scale, Calspan developed the decision tree PIO rating scale shown in
Figure 42.
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Figure 42: PIO tendency classification scale

The descriptions were replaced by several questions leading to the numerical rating. The
decision tree was aimed at supporting and standardising the decision finding process and thus
getting more coincident results.
For the first question the pilot has to "Attempt to Enter [the] Control Loop", what means that he
has to start to make slight control input. If these input already cause divergent oscillations, a
PIO rating of 6 has to be given. For the next step the pilot has to raise his gain and initiate

3 See appendix F
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"Abrupt Manoeuvres or Tight Control". If these input cause oscillations he as to decide whether
they are divergent or not to give a rating of 4 or 5 respectively. If these input cause no
oscillations the next question is: "Do undesirable Motions Tend to Occur?" Answering this
question with "YES" leads to the question "Is Task Performance Compromised" and a rating of
3 for "YES" and 2 for "NO". Only when the pilot has not experienced undesirable motions he is
allowed to give a PIO rating of 1.
Although this scale was intended to replace the older table in chapter 4.1.1, in some research
programs, like in the HAVE PIO flight test program, both, the table and this decision tree rating
scale were used. This was necessary because the descriptions in the table were essential for the
pilots to find differences between the ratings [20]. The decision tree alone was not sufficient.
During the years this rating scale has become the most widely spread PIO rating scale. It also
became part of the military specifications of the USA [1].

4.1.3 PIO Tendency Classification suggested modified scale

For the next modification Veridian Engineering added descriptions to the PIO tendency
classification scale and replaced one question in the decision tree Figure 43.
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No tendency to induce undesirable motions during
 closed loop task 1
Uncommanded motions do occur but still permit
 desired performance to be achieved

Undesirable motions induced during tight control
downgrade task performance
Oscillations do occur but task can be completed
with at least minimum acceptable performance

Closed loop oscillations preclude doing the task;
task may have to be abandoned to maintain basic
aircraft control

5

Disturbance or normal pilot control may
cause divergent oscillation. Pilot must open
control loop by realeasing or freezing the stick

PIO Tendency Classification
Suggested Modified Scale Veridian Engineering

Figure 43: PIO tendency classification suggested modified scale
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Unlike the decision tree in the previous scale, the question for distinguishing between PIOR 4
and 5 is no longer whether the oscillations are divergent or not. Now the question is, if the task
is achievable or not.
Another difference is the omission of the word "Tend" in the question "Do Undesirable Motions
Tend to Occur?", but except of these two modifications the decision tree of the both scales is the
same.
The main difference to the older scale is, that new descriptions have been added. Within these
description the effects of PIOs or "undesirable motions" on task performance are of greater
importance than they were before.

4.1.4 FAA APC Rating System

The Federal Aviation Administration (FAA) has created another APC rating system. Unlike the
hitherto introduced 6-point rating scales this one distinguishes only 4 ranks of PIO (Figure 44).
It does not use numbers as ratings but the terms "Satisfactory", "Adequate", "Controllable" and
"Unsatisfactory".

Figure 44: FAA APC Rating System

The evaluation process for this scale already begins with abrupt manoeuvres and the first
question is, whether the aircraft is controllable during the task. The answer "NO" leads to the
rating "Unsatisfactory", the answer "YES" to the question: "Is adequate performance
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- No tendency to induce undesirable motions, or;
- Any undesirable motions (overshoots or bobbles,
etc.) are predictable and easily controlled with minimal
pilot compensation

Undesirable motions (unpredictability or over
control) are easily induced but can be prevented or
eliminated with sacrifice to task performance and
with no more than heightened pilot compensation.

- Task is not achievable, and;
- Uncontrollable motions (divergent oscillations or
divergence) are present and;
Recovery requires pilot to open the loop (release or
freeze stick)

Oscillations or divergent tendencies occur and
requires the pilot to reduce gain to maintain control

Yes

No

No

Handling
Qualities Rating

SAT

ADQ

CON

UNSAT

Pilot enters the control loop with
abrupt/large inputs or with thight control

SAT = Satisfactory  ADQ = Adequate
CON = Controllable  UNSAT = Unsatisfactory

FAA APC Rating System
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achievable?". Answering "YES" results in "Controllable" and with "NO" one is led to the
question whether unpredictable motions are present. If this is the case, the rating "Adequate"
will be given, if not it is "Satisfactory".
In this rating scale the term "undesirable motions" also includes overshoots and pitch bobbles
etc. thus effects which are not covered by the PIO definition in Figure 1.

In order to being able to compare the results of this rating scale with results of the Calspan PIO
tendency classification, a table for translating the answers is added. The table can be seen in
Table 10.

Table 10: Translation between Calspan and FAA rating scale

Although it is quite easy to translate answers from the FAA scale to the Calspan scale, this does
not mean, that this should be done. As it will be shown later, pilots do not always give the same
or corresponding rating when they use the other scale.

FAA HQ
RATING

APC CHARACTERISTICS DESCRIPTION MIL 1797A
STANDARD

PIO
RATING
SCALE

SAT

NO TENDENCY FOR PILOT TO INDUCE UNDESIRABLE MOTION.

UNDESIRABLE MOTIONS (OVERSHOOTS) TEND TO OCCUR
WHEN PILOT INITIATES ABRUPT MANEUVERS OR ATTEMPTS
TIGHT CONTROL. THESE MOTIONS CAN BE PREVENTED OR
ELIMINATED BY PILOT TECHNIQUE (NO MORE THAN MINIMAL
PILOT COMPENSATION REQUIRED)

1

2

UNDESIRABLE MOTIONS (UNPREDICTABILITY OR OVER
CONTROL) EASILY INDUCED WHEN PILOT INITIATES ABRUPT
MANEUVERS OR ATTEMPTS TIGHT CONTROL.

THESE MOTIONS CAN BE PREVENTED OR ELIMINATED BUT
ONLY AT SACRIFICE TO TASK PERFORMANCE OR THROUGH
CONSIDERABLE PILOT ATTENTION AND EFFORT. (NO MORE
THAN EXTENSIVE PILOT COMPENSATION REQUIRED).

ADQ 3

CON
OSCILLATIONS TEND TO DEVELOP WHEN PILOT INITIATES
ABRUPT MANEUVERS OR ATTEMPTS TIGHT CONTROL.
ADEQUATE PERFORMANCE IS NOT ATTAINABLE AND PILOT
MUST REDUCE GAIN TO RECOVER. (PILOT CAN RECOVER BY
MERELY REDUCING GAIN)

4

DIVERGENT OSCILLATIONS TEND TO DEVELOP WHEN PILOT
INITIATES ABRUPT MANEUVERS OR ATTEMPTS TIGHT
CONTROL PILOT MUST OPEN LOOP BY RELEASING OR
FREEZING THE CONTROLLER.

DISTURBANCE OR NORMAL PILOT CONTROL MAY CAUSE
DIVERGENT OSCILLATION. PILOT MUST OPEN CONTROL LOOP
BY RELEASING OR FREEZING THE CONTROLLER.

UNSAT

5

6

     SAT = Satisfactory
    ADQ = Adequate
    CON = Controllable
UNSAT = Unsatisfactory or Failed, corrective action must be taken
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4.2 Problems with the PIO rating scales and proposals for improvement

4.2.1 General comments

PIO rating scales are not linear scales. Generally it is clear, that the better the rating, the better is
also the PIO behaviour of the aircraft, but all further interpretation of results, assuming them
being linear, should be regarded very critically. Strictly speaking, numerical PIO ratings are
only acronyms for the different descriptions standing behind every number.
Although rating scales are important for PIO analysis, they are not as important as the PIO
detection tasks or manoeuvres, since rating scales can only try to catch the things the tasks
uncover. If a task is not able to reveal PIO tendencies, a rating scale will never be able to
compensate this.

4.2.2 Scatter

The main problem of any kind of rating scales is the scatter of the results. This will always be
the case since different human beings will always have different opinions, and even the answers
of one person, analysing the same thing several times, will vary.
In the case of the PIO tendency classification scale FFA has performed some simulations to
evaluate the utility of a rate-limited stick giving the pilot the possibility to feel rate limitations
in the control system [21]. During this research program 15 roll and 15 pitch cases had to be
flown by three pilots twice. From these 180 runs 176 could be evaluated and compared.
Surprisingly, the differences in the ratings between the pilots were greater in roll- than in pitch
axis as is shown in Table 11.

Pitch Roll
All ratings equal 0% 0%
Difference between highest and lowest rating  1 67% 7%
Difference between highest and lowest rating  2 100% 60%
Difference between highest and lowest rating  3 100% 93%

Table 11: Differences in ratings by all three pilots, percent of pitch/roll cases

The ratings of one pilot evaluating the same configuration twice was also scattered but the
differences are not that big as between different pilots. Again, the differences between roll-, and
pitch ratings is present (Table 12).

Pitch Roll
Same rating twice 63% 51%
Difference  1 100% 84%
Difference  2 100% 100%

Table 12: Differences in ratings of one pilot
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The results of a comparison of two rating scales by CEV underpin these observations. During a
test campaign using the Calspan Learjet where 48 test runs were performed, the pilots had to
give two ratings. The first using the PIO tendency classification scale in Figure 42, and the
second using the FAA APC rating system in Figure 44. The results between the two scales were
different.

6

5  A  BB

A B
4 AAAAA

AA
BB
A BAACC  B

B C
3  AAA AA BAAAA

ACCC
C

2 BBBBB
AC

B B
1 B

 1  2  3  4  5  6

SAT  ADQ  CON  UNSAT
FAA rating scale

A: First pilot B: Second pilot C: Third pilot
Table 13: Comparison of the results of Calspan and FAA rating scales

It can be seen easily, that the ratings of the both scales are not the same, even though it could
have been expected. Interestingly the FAA rating scale seems to produce better ratings than the
Calspan scale. For example seven ratings, which had a PIO rating of "ADEQUATE" (= 3) in the
FAA scale got a 4 in the Calspan scale. This makes clear, that it is difficult to compare results
obtained from different scales.
As also stated in [2] PIO ratings of 1 and 6 are seldom given, because the PIO characteristics
are seldom as bad as 6 or as good as 1.
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4.2.3 Number of PIO rating ranks

Most of the introduced rating scales discriminate between 6 PIO ranks. Only the FAA APC
rating system has a 4-point scale. Although pilots sometimes give half point ratings in both type
of scale, a six-point scale seems to bee sufficient and therefore half point ratings should be
avoided. They just aggravate the evaluation of the results. Maybe a better description of the
ranks could support this.

4.2.4 Descriptions

Next to the decision tree, the belonging descriptions are very important for assisting the pilots in
reaching the right decision. An important source for problems is the improper or ambiguous
description of the PIO ranks. One example are the wordings "undesired motions" and
"oscillations" which can cause problems. If it is not clearly defined what is meant by these
terms, normal overshoots may also be interpreted as such "undesired motions" which is surely
not intended.
It has to be clearly stated that pitch bobble and roll ratcheting are not a subject of this rating
scale and therefore should not be taken into consideration.
Mitchell and Hoh recommend in [22] to add some further descriptions similar to the "demands
on the pilot" column in the Cooper-Harper rating scale.

4.2.5 Perception

It is difficult for a pilot to decide whether a PIO is divergent or not. For this reason the question
has been replaced in the rating scale from Veridian Engineering. Instead of this they are asked if
the task is achievable or not, which is an easier question.
Another problem occurs regarding pitch bobble and roll ratcheting. Although they are not PIOs
in a sense of Figure 1, pilots are not always able to distinguish between them and PIO and
therefore rate a bobble or a ratcheting as PIO.

4.3 Proposed new PIO Rating Scale

The new PIO rating scale is a 6-point scale. It has a one-line decision tree and contains for every
rank descriptions for the appearance of PIOs and for the consequences for the pilot.



 Version: Final version
 - 41 -    Date: [24-05-2000]
 GARTEUR/TP-120-03

No

Pilot authority is lostIs the aircraft
controllable? Immediately PIO
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Yes

Divergent oscillations occur Pilot has to release or freeze
stick to stop oscillations

Could the
task be performed?

No

Yes

NoCould
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be achieved?
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Oscillations during abrupt
 high gain input

Tolerable, non divergent
oscillations during low gain input
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oscillations reduce
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Do any
unpredictable motions

occur?
Only minor unpredictable motions

No PIO, no unpredictable motions No restraints for pilot

Widely unrestrained control
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stop oscillations

Task performance is compromised
by any closed-loop control input
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Yes
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PIO Pilot PIORPilot closes control loop

Figure 45: New PIO rating scale

Respectively two ranks are combined and assigned to the terms "Unacceptable",
"Unsatisfactory" and "Satisfactory". These terms are intended as a verbal interpretation of the
corresponding PIO behaviours and consider the three aspects safety, whether the task is
achievable and performance.

Satisfactory means: PIOR 1-2
Adequate means: PIOR 3-4
Unacceptable means: PIOR 5-6

The application of the scale is as follows. The pilot closes the control loop by beginning his
(tracking-)task. If he immediately experiences a PIO, the aircraft becomes uncontrollable and he
therefore loses authority, he has to give a PIOR = 6.
If he is able to stay within his task for a while, but divergent oscillations force him to abandon
the task and to release or freeze the stick to stop these oscillations, he has to assign a PIOR = 5.
If it is possible to stay within the task all the time, but tolerable, not divergent oscillations
during low gain input do not allow to reach adequate performance a PIOR = 4 is to be given.
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For the case that adequate performance can be reached, but unpredictable oscillations (only
during high gain input) prevent better performance and the pilot therefore has to reduce his gain,
a PIOR = 3 is scheduled.
If only minor unpredictable motions are experienced, which do not reduce task performance
(=desired) and the pilot can make widely unrestrained control input, he has to assign a PIOR =
2.
For the case that not any unpredictable motions or any PIO tendencies are detected and the pilot
was not restrained in his input, he can give a PIOR = 1.

The term "unpredictable" was used together with "motions" or "oscillations" to stress, that
normal overshoots are not covered by this definition. Only these kinds of events should be
considered, that really come from unforeseen aircraft/pilot interaction. This applies also to pitch
bobble or roll ratcheting. Both should not be considered. This may be a hard demand, since it is
difficult for pilots to distinguish these events from PIO during the test, but in the case a pilot
realises, that something was a bobble or ratcheting event, he should mention this in his
comments, but he should not consider it when using the rating scale!
The term "oscillations" describes events where the pilot experiences a periodic aircraft motion
with more than one cycle. "Motions" refer to shorter events where the pilot experiences one or
less than one cycle.

The consideration of the "cliff-like behaviour" has to be done after the pilots have given their
ratings. Significantly more scatter in the ratings, although there were only slight or no
modifications within the evaluated configurations can be a hint at such a flying qualities "cliff".

To make sure, that the pilots can use the new rating scale a briefing prior to the tests is
necessary. They have to become familiar to the terms used in the scale and they have to know
the definitions and explanations above.

As guidelines for the pilot, the following points should be respected:

1. Answer the questions
The decision tree is the main tool for reaching a decision. The evaluation procedure should
be conducted by answering the questions successively. This leads to the numerical rating.
The complementing descriptions are a verbal interpretation of the numbers.

2. Do not give half point ratings
The numbers of different PIO ranks is sufficient. If there are problems in finding an
appropriate decision, use the rank that matches most and describe the problems in the
comments.
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3. Do not assess handling qualities
This is a PIO rating scale and PIO is only one part of handling qualities. Therefore a PIO
rating of 1 does not imply, that the aircraft has excellent handling qualities. On the other
hand bad PIO behaviour precludes good handling qualities.

4. Do not assess roll ratcheting or pitch bobbling
Roll ratcheting and pitch bobbling are not part of PIO concerning the definition in Figure 1.
So if it is clear, that something was a bobbling or ratcheting event, don't consider it in the
rating scale but mention it in the comments.

From an aircraft manufacturers point of view, the results of the rating scale could be interpreted
the following way.

PIO rating Interpretation
1 Design goal was reached. No modifications necessary
2 Design goal not reached, but no modifications necessary

3 + 4 PIO behaviour requires modifications. It could only be acceptable for an
aircraft operating in degraded mode.

5 + 6 PIO behaviour not acceptable for an aircraft operating in degraded mode.
Table 14: PIOR interpretation from aircraft manufacturers point of view


