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It is very difficult to conceive of an engineering system that
does not require interaction with people somewhere along the
way. In some cases, people manually control an engineered
system, as is the case of a driver of an automobile. In others,
people supervise the operation of an engineered system that
is usually being controlled by automation, as is the case of
human operators of some nuclear power plants. In still other
cases, people are required to maintain or repair an engi-
neered system that normally runs autonomously without hu-
man intervention, as is the case of technicians trouble shoot-
ing electronic hardware. Finally, in some cases people share
responsibility with an engineered system in a shared mode
of control, as with pilots interacting with the autopilot of a
commercial aircraft. In all of these cases, and many others
as well, the interaction between people and technology is an
unavoidable fact of life.

As computer technology is being introduced into more and
more sectors of contemporary society, this interaction be-
tween people and technology is mediated by a computer inter-
face. For example, intelligent vehicle highway systems, such
as electronic maps, are being introduced into automobiles to
help drivers find their way and avoid high-traffic areas. Com-
puter-based displays are also being introduced into advanced
control rooms for nuclear power plants to help operators per-
form their job more effectively and efficiently, thereby replac-
ing analog, hard-wired instrumentation (e.g., analog gauges).
Also, increasingly sophisticated computer software and hard-
ware tools have been developed to facilitate the trouble-shoot-
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Player 1 Remaining piece Player 2
1 4 5 3 9
2 8 6 7
1+4+2+8=15 3+9+7+#15
Win! Lose

Figure 1. One “interface” for playing the two-person game. Because
information is presented in the form of abstract symbols, people have
to play the game by relying on reasoning.

ing performance of electronics technicians. Finally, increas-
ingly sophisticated computer-based flight management
systems are being introduced into the “glass cockpits” of mod-
ern commercial aircraft to help pilots during the various
phases of flight. As a result, the human—computer interface
is becoming a dominant mode of interaction between people
and technology. Engineers are increasingly being required to
design a human—computer interface so that people can inter-
act with the engineered system.

The importance of this aspect of design cannot be overem-
phasized. Depending on the type of decisions that are made
in creating the human—computer interface, the resulting sys-
tem can either be successful or completely unusable. This is
true even if the technological core of the engineered system
remains unaltered. In other words, the adequacy of the hu-
man—computer interface can either make or break the
system.

This crucial observation can be illustrated by a very simple
example (1). Consider the following two-person game. There
are nine cardboard pieces available to each player. Each piece
has drawn on it one of the integers from 1 to 9. The pieces
are face up so that both players can see all of the numbers.
The players take turns drawing one piece from the remaining
set. The first player to hold three pieces in his hand whose
integers sum up to exactly 15 wins the game. If all nine pieces
are drawn and neither player has a winning combination,
then the game is tied. One interface for playing this game is
shown in Fig. 1. This is an obvious way to represent the prob-
lem, given the rules just described. The reader is encouraged
to envision playing this game in order to get an appreciation
for its demands.

An alternative interface for playing the very same game is
shown in Fig. 2. There is a 3 X 3 matrix of blank squares.
Players alternate marking a square, one player with an X and
the other with an O. The first player to get a vertical, hori-
zontal, or diagonal sequence of three symbols (Xs or Os) wins

Player 1 O | X  Player2
Xs 0 0 0s
Win! XXX Lose

Figure 2. A second “interface” for playing the same game. Because
information is presented in the form of concrete patterns, people can
play the game by relying on perceptual skills.
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the game. If all of the squares are taken and no player has
such a sequence, then the game is tied. Readers will recognize
this as the well-known game of tic-tac-toe.

It should be obvious to the reader that playing the game
with the first interface is considerably more difficult than
playing the game with the second interface. In fact, the differ-
ence is so strong that the reader may think that a different
game is being played with the second interface. However, an
examination of the formal properties of these two games un-
ambiguously reveals that the logics of the two games are actu-
ally isomorphic to each other (1). At their core, the two ver-
sions of the game are exactly the same. Nevertheless, we
correctly perceive that one version is much easier than the
other. The reason for this is that the way in which the prob-
lem is represented (i.e., the interface) has such a big impact
on human performance. The interface in Fig. 1 is based on
abstract symbols (the integers from 1 to 9), and so it requires
people to engage in analytical problem solving (e.g., mental
arithmetic) to perform the task. It is well known that problem
solving activities are comparatively slow, effortful, and error-
prone (2,3). This accounts for why this version of the game
seems so much more difficult to play.

In contrast, the interface in Fig. 2 is based on concrete
patterns (Xs and Os). Because information is presented in
this more concrete form, people are able to rely on their pow-
erful pattern recognition capabilities that have been honed
through experience with everyday tasks. It is well known that
pattern recognition capabilities are comparatively fast, effi-
cient, and less prone to error, given the proper level of experi-
ence (3). As a result, this version of the game seems much
easier to play.

The point of this simple example can be generalized to the
design of human—computer interfaces. The ease and reliabil-
ity with which people interact with a particular engineered
system is strongly affected by the type of interface that is
provided. Given the very same technical system, human per-
formance can either be made to be very difficult and cumber-
some if the human—computer interface is designed one way,
or it can be fluid and efficient if the interface is designed in a
different way. As a result, the interface designer is actually
responsible for shaping human behavior. If there is a good fit
between human capabilities and limitations and the demands
being placed by the interface, then the result will be effective
and reliable performance. On the other hand, if there is a
poor fit between human capabilities and limitations and the
demands being placed by the interface, then the result will be
human error. Therefore, human errors can frequently be
traced back to inadequate interface designs (2).

Now that the importance of human—computer interface de-
sign has been illustrated, the design remedy seems relatively
obvious—design the interface to take advantage of people’s
skills and the result should be enhanced human performance.
Unfortunately, most engineers are not very well prepared to
deal with the design challenges imposed by human—computer
interaction. Traditionally, engineering education has focused
almost exclusively on the technical component of the system,
to the detriment of the human, social, and environmental con-
siderations. As a result, it is not surprising to find that there
have been, and continue to be, many computer systems that
are poorly designed from the perspective of the people who
have to use them (4).
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DESIGNING SMART INTERFACES

Fortunately, a fair amount is known about how to design ef-
fective human—computer interfaces that lead to efficient and
reliable system performance (3,5,6). Some of this knowledge,
which comes from the discipline known as cognitive engi-
neering (7,8), will be described next.

Rote and Smart Devices

One useful way to classify interfaces is according to the dis-
tinction between rote and smart devices first put forward by
Runeson (9) in an exceptionally insightful and entertaining
paper. Traditionally, human—computer interfaces have been
designed to be rote devices, but as we shall see, there are
very strong reasons for moving toward a smart approach to
interface design (10).

Rote Devices. According to Runeson (9), a rote device per-
forms a rather simple task, namely measuring a basic con-
text-free (i.e., primitive) property of the environment. An ex-
ample is a ruler, which measures a fundamental dimension,
length. The advantage of rote devices is that they can be used
to derive a variety of different properties. For example, a
ruler can be used to measure various lengths, from which one
can compute area and volume. The disadvantage of rote de-
vices is this need for computation—that is, to derive more
complex properties, the person must know the rules (or algo-
rithm) for combining the elemental measurements. For in-
stance, to derive the area of a triangle with a ruler, the person
must know the appropriate formula. In general, the person
must also engage in calculations to derive the higher order
properties of interest. These calculations, in turn, require
some time and effort to carry out.

Runeson (9) originally argued that the metaphor of rote
devices is not a very appropriate one for human perception.
For a goal-directed organism, the most important properties
of the environment are likely to be the higher-order functional
properties that are relevant to its immediate goals, not the
context-free primitive properties measured by rote devices.
For example, within the domain of perception, it is usually
more important for a person to know whether a certain object
affords sitting than to know the exact dimensions of the ob-
ject. The suggestion is that if human perception were to func-
tion like a rote device, it would be very inefficient, if not in-
tractable. Returning to the sitting example, it would be very
difficult for observers using primitives based on rote devices
(e.g., length) to determine whether a given object was indeed
sit-onable or not. In addition to an extensive knowledge of
geometry, anthropometry, and biomechanics, a very large
number of calculations would also be necessary, requiring
substantial effort and time, for what appears to be a very ba-
sic task.

Smart Devices. The alternative is what Runeson (9) refers
to as smart devices. These are specialized on a particular type
of task in a particular type of situation. Their disadvantage
is that, unlike rote devices, they cannot be used for a large,
arbitrary set of purposes. Their great advantage, however, is
that they “capitalize on the peculiarities of the situation and
the task” (9, p. 174). In other words, smart devices are spe-
cial-purpose devices that are designed to exploit goal-relevant

constraints pertinent in a given setting. As a result, smart
devices can directly register higher-order properties in the en-
vironment, rather than having to calculate them from sensed
primitive variables using computational rules and effort.

The ingenious example that Runeson gives of a smart de-
vice is a polar planimeter, a mechanical device consisting of
two rigid bars connected by an articulated joint. The end of
one bar is used as a fixed anchor, whereas the end of the other
bar is used to trace along the perimeter of a flat surface.
There is also an analog meter, which displays the value of the
measurement made by the polar planimeter. Remarkably, a
polar planimeter directly measures the area of any two-di-
mensional figure, regardless of shape. This is accomplished
by anchoring one end of the planimeter on the flat surface
that the figure is laying on, and then using the measuring
end to trace continuously around the perimeter of the figure,
until the measuring end reaches the point along the perime-
ter at which the measurement was initiated. At this point,
the analog meter will indicate the area of the figure.

A polar planimeter has several important properties. First,
it does not use length to arrive at its measurement of area.
In fact, it cannot be used to measure length at all, or any
other property for that matter. It is a special-purpose instru-
ment; it can only measure area. Second, there is no meaning-
ful sense in which one can say that the polar planimeter is
calculating anything. There are no primitive inputs that need
to be integrated in any way, because there are no primitive
inputs to begin with. There are no intermediate calculations
either, because if one stops the process of measuring the area
of a figure prematurely, the readout on the polar planimeter
has no meaningful interpretation (e.g., stopping midway
around the perimeter does not usually lead to a reading that
corresponds to half of the area). Third, no rules or knowledge
are represented in the device. The polar planimeter is simply
a mechanical measuring instrument, and does not possess
any internal representation, or model, which it uses for rea-
soning. It does not reason; it measures.

This set of properties derives from the fact that the polar
planimeter is a physical embodiment of the constraints that
are relevant to the task at hand. Although it can be described
in very analytical and computational terms (i.e., surface inte-
grals), such a description has no causal, explanatory value in
describing its operation. Rather, such a rationalized descrip-
tion can only explain the constraints to which the design of
the device had to conform to be a reliable measuring instru-
ment. But once these constraints are embedded in the physi-
cal device, the analytical account merely represents the de-
sign history, not the real-time operation, of the device. In
other words, the polar planimeter does not have a symbolic
model of the goal-relevant constraints in the environment, al-
though it could be said to be a mechanical adaptation to those
constraints, and thus can be described in symbolic terms.

Although it may not be apparent from the description so
far, the distinction between rote and smart devices has a
great deal of relevance to human—computer interface design.

Rote and Smart Interfaces

Rote Interfaces. Traditionally, human—computer interfaces
have been designed as rote devices. The philosophy has been
referred to as the single-sensor single-indicator (SSSI) design
approach (11). Basically, it consists of displaying all of the



Date Time Variable 1 Variable 2 Variable 3
3011 2056 23.2 156 897
3011 2057 23.2 150 880
3011 2057 23.2 143 880
3011 2057 23.2 155 880
3011 2057 23.2 155 903
3011 2311 23.2 159 978
0112 1116 23.2 165 979
0112 2234 23.2 163 980
0112 2234 23.2 140 950
0112 2358 23.2 172 888

Figure 3. An example of a rote interface. Only raw sensor data are
shown, so people have to derive higher-order information.

elemental data that are directly available from sensors. Any-
thing and everything that can be directly measured has a sin-
gle display element associated with it. A hypothetical exam-
ple is shown in Fig. 3, which is actually very similar to some
human-computer interfaces currently being used by people to
interact with complex engineering systems. There are many
disadvantages to such an approach (5,11), some of which are
identical to those associated with rote instruments.

The most important drawback is related to controllability.
To deal consistently with the entire range of domain demands
(particularly fault situations), people need comprehensive in-
formation regarding the system state. But with the SSSI ap-
proach, only data that are directly obtained from sensors tend
to be displayed. Thus, higher-order state information, which
cannot be directly measured, but which is nevertheless
needed to cope with many fault situations, may not be made
available to users. In fault situations, it is generally not possi-
ble to derive the higher-order properties from the elemental
data, and so people may not have all of the information that
is required to consistently control the system under these cir-
cumstances.

The disadvantages of the SSSI approach are not limited to
fault scenarios. Even under normal operating conditions,
SSSI interfaces put an excessive burden on operators. In
these situations, it is, in principle at least, possible to recover
the higher order, goal-relevant domain properties from the
elemental data represented in the interface. The problem, of
course, is that considerable effort and knowledge are required
of the operator to carry out this derivation. Not only are the
higher order properties not directly displayed, but in addition,
the relationships between the various elemental display ele-
ments also are not usually represented in the interface (see
Fig. 3).

Finally, there is also the issue of information pickup. Just
because the information is in the interface does not mean that
the operator can find it easily (5). In the SSSI approach, the
form in which information is usually presented (e.g., similar
looking analog meters or digital numerical displays) is not
very compatible with the capabilities of the human perceptual
system, thereby hindering the process of information extrac-
tion. Each instrument tends to be presented individually, and
there is virtually no integration or nesting of display ele-
ments. This makes it difficult for people to perceive the state
of the system, even if all of the requisite information is in
the interface.
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In summary, the rote interface approach makes people’s
jobs more difficult than they really need to be by requiring
them to engage in computations, store information in mem-
ory, and then retrieve that information at the right time. All
of this takes time and effort. Clearly, an alternative approach
is required.

Smart Interfaces. The advantages of smart devices suggest
that the approach may be a useful one for human—computer
interface design. The goal of a smart approach to interface
design would be to provide the information needed for control-
lability in a form that exploits the power of perception. The
first step in achieving this goal is to identify all of the infor-
mation that is relevant to the context of interest to the person
who will be using the interface. The second step requires
identifying the various relationships between these variables
of interest. As we will see, relationships play a critical role in
smart interfaces. The third and final step is to embed these
variables and relationships into the interface in a form that
makes it easy for people to pick up information accurately
and efficiently.

The advantages of adopting a smart approach to interface
design are very similar to those identified earlier for smart
devices. Rather than requiring people to remember and re-
trieve the relationships between variables of interest, these
are directly shown in the interface, thereby reducing the de-
mand on memory. Similarly, rather than requiring people to
derive higher-order information by engaging in computations,
this information is also directly shown in the interface,
thereby reducing the demand for analytical problem solving.
As a result, human performance should be more accurate and
more efficient as well.

However, just as with the polar planimeter example, these
advantages can only be obtained if the designers perform the
required systems analysis up front and build the results of
this analysis into the interface. That is, the power of smart
interfaces is that they offload much of the analysis to the de-
signer (who has more time and better tools to deal with these
issues off-line and a priori), and thus relieve the burden on
the person using the interface (who is busy performing many
other tasks in real time). The demands imposed by the task
at hand cannot be displaced if effective performance is to be
achieved. The only choice is who is better capable to deal with
those demands, system designers or people operating the in-
terface. These abstract points can be illustrated by the follow-
ing concrete example of a smart interface.

Application Example

One activity that people are usually responsible for when in-
teracting with an engineered system is assessing the overall
status of the system. Is the system in a normal or abnormal
state? For a complex system with many variables, this can be
a very challenging task, involving a number of different steps
(5). First, the person has to know and remember which vari-
ables are the most important ones in determining overall sys-
tem status. Typically, only a small subset of the hundreds or
thousands of available variables will be needed. Second, the
person must collect together the status of these relevant vari-
ables. This activity requires more knowledge, because the
person must know where to look to find the variables of inter-
est. This activity also requires time and effort, because the
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variables generally will not be found all in one place. For in-
stance, in a human—computer interface, the person may have
to search through a hierarchical menu of windows to find the
window that contains one of the relevant variables. This pro-
cedure would then have to be repeated for each of the relevant
variables. Third, the person may also have to integrate to-
gether these variables to obtain the higher order information
of interest. This activity may be required because sometimes
the variable of interest is not something that can be measured
directly by a sensor, but rather something that can only be
derived from several of the variables that can be directly
sensed. This derivation process requires knowledge of the cor-
rect integration formula, and mental effort to compute the
derived variable from the lower-level sensed data. Fourth, the
person will also have to know and remember the normal
range for each of the variables that are relevant to determin-
ing overall system status. After all, the value of a particular
variable only takes on some meaning when it is compared to
its nominal or limit values.

All of the activities just listed must be performed if the
task of overall system assessment is to be done accurately
and reliably. However, as the discussion of rote and smart
devices indicates, there are different ways in which these de-
mands can be allocated between the designer and person op-
erating the system. With a rote interface, only raw sensor
data are presented. As a result, a great burden is put on the
person to perform the variable identification, collection, inte-
gration, and normalization activities listed above. Rather
than getting some help from the interface, the person must
perform these activities unaided, which as already men-
tioned, requires a fair amount of knowledge, puts a substan-
tial load on memory, and demands a fair amount of time and
effort. Given the properties of smart interfaces, it should be
possible to do much better by off-loading at least some of this
burden to the designer. Rather than forcing the user to deal
with all of these demands, it should be possible for the de-
signer to build these constraints into a smart interface.

Figure 4 shows an example of a smart interface developed
by Coekin (12) that can help people perform the task of as-
sessing the overall status of a complex system. This display
consists of eight spokes arranged in a symmetrical fashion.
Each spoke displays the status of one of the variables that
are relevant to determining the overall status of the system.
Note that these individual variables can be either raw sensor
values or higher order information that must be computed by
integrating together a number of variables that are sensed
individually. The current states of individual variables are
connected together by a line joining adjacent spokes. Another
important feature of this display is that each of the variables
displayed has been normalized according to its nominal value.
If each variable is at its nominal value, then it will be dis-
played at a fixed distance from the center of the polygon. If
all eight variables are in the normal range, then a symmetri-
cal figure will be obtained.

As a result, the task of determining whether the system is
in a normal state or not is dead-simple. If the figure is sym-
metrical and in its normal diameter, as it is in Fig. 4(a), then
the system is in a normal state. On the other hand, if this
symmetry is broken, as it is in Fig. 4(b), then the system is
in an abnormal state. Moreover, the way in which the octagon
deforms may give some information about the nature of the
abnormality. For example, if the left side of the polygon caves
in toward the center, this may signify one type of failure,

(b)

Figure 4. An example of a smart interface. Adapted from Coekin
(12). (a) Normal state specified by a symmetrical octagon. (b) Abnor-
mal state specified by a deformed, assymetrical polygon. Concrete
patterns are shown, so people can directly perceive higher-order in-
formation.

whereas a deformation of the right side towards the center
may indicate a very different type of failure. This can be ac-
complished by grouping variables that are functionally or
physically related in proximate spokes.

The demands that this smart interface places on people
are trivial compared to the demands imposed by a rote inter-
face. As mentioned earlier, this is because the interface de-
signer has taken on much of the responsibility of dealing with
the relevant constraints. The reason why this smart interface
required much less knowledge, memory, effort, and time to
use is because the designer has identified the relevant vari-
ables, brought them together into one place, performed any
necessary integration, and normalized the variables with re-
spect to their nominal values. Because the designer has done
this work, much less work is left for the person who is control-
ling the system in real time.

The smart interface concept illustrated in Fig. 4 has been
adopted to design system status displays for a number of dif-
ferent application domains, including aviation (to monitor the
status of engineering systems), medicine (to monitor the life
signs of a patient), and nuclear power plants (to monitor the
state of the plant). It can surely find use in many other situa-
tions as well. Nevertheless, it is important to point out that
this octagon interface is merely one example of a smart inter-
face. The important point to take away is not so much the
details of this particular exemplar, but rather the process by



which it was designed. If designers can identify the goal-rele-
vant constraints and build them into the interface in a form
that makes it easy for people to pick up information, then
very different interfaces can be developed for other applica-
tions but with the same advantages as this smart interface.

ADVANCED APPLICATIONS

There are a number of promising directions for the advanced
application of smart interfaces for complex engineered sys-
tems. Two of these are creating smart interfaces from visual-
izations of engineering models described in textbooks, and the
application of smart interface design principles to make auto-
mation more visible.

Visualization of Engineering Models

One powerful and virtually untapped source of ideas for
smart interfaces is the set of visualizations developed by engi-
neers over the years to teach basic principles and models in
textbooks. A prototypical example is the temperature—
entropy (T-s) diagram that has been used in thermodynamics
textbooks for years to represent the saturation properties of
water. More specifically, the T—s diagram has been used as a
frame of reference for representing the various phases of dif-
ferent thermodynamic heat engine cycles (e.g., the Rankine
cycle). This is a fortunate choice from the viewpoint of cogni-
tive engineering because different areas of the T-s diagram
represent important thermodynamic distinctions in a form
that is very easy for people to discriminate (e.g., the area un-
der the saturation curve for water indicates a two-phase
state). Similarly, vertical and horizontal lines in this diagram
represent meaningful thermodynamic constraints on the vari-
ous phases of the heat engine cycle in a form that is also easy
to perceive (e.g., isentropic and isothermal transformations,
respectively).

Beltracchi (13) has taken advantage of these properties by
creating a smart interface that represents the state of a wa-
ter-based power plant in the form of a Rankine cycle overlaid
on the T-s diagram. This interface brings to life the Rankine
cycle representation in the 7-s diagram found in textbooks
by animating it with live sensor data and by coding informa-
tion with perceptually salient properties such as color. An ini-
tial evaluation of this smart interface suggests that it has im-
portant advantages over more traditional, rote interfaces that
have been (and continue to be) used in nuclear power plant
control rooms (14). This suggests that it may be possible to
develop other smart interfaces from the myriad of visualiza-
tions that can be found in engineering textbooks. Some obvi-
ous examples include: pressure—volume diagrams, phase dia-
grams, and nomograms.

Making Automation More Visible

So far, this article has concentrated on techniques for build-
ing constraints that govern the behavior of engineered sys-
tems into easily perceivable forms in a human—computer in-
terface. However, the very same logic could be applied, not
just to make process constraints visible, but also to make au-
tomation constraints visible as well. This seems to be a very
fertile area of application, because a number of studies have
indicated that one of the problems with contemporary auto-
mation (e.g., on the flight decks of “glass cockpits,” or in the
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control rooms of petrochemical refineries) is that the behavior
of the automated systems is not very clearly displayed (15).

This creates a number of difficulties for the people who are
responsible for monitoring these systems. First, it is difficult
for people to monitor the actions of the automation to track
how those systems are reconfiguring the process in response
to disturbances or changes in demands. If people cannot keep
track of the automated systems’ actions, then people’s under-
standing of the current configuration of the process may not
correspond to the actual configuration. Thus, their subse-
quent actions may not be appropriate, leading to unintended
consequences. Second, it is also difficult for people to monitor
the state of the process to anticipate problems before they
jeopardize system goals (e.g., by propagating to other parts of
the process). Research has repeatedly shown that it is essen-
tial for people to be able to effectively anticipate the future
state of the process if they are to function as effective control-
lers. If people are operating in a reactive mode, then they will
always be one step behind the course of events, and given the
lags in complex engineered systems, they will not be able to
respond to problems until after they occur. Third, it is also
difficult for people to monitor the state of the automation to
quickly detect and diagnose any faults in the automation. In
highly automated systems, the primary reason why there are
people in the system is to supervise the automation and to
detect fault situations in which the automation is not working
properly so that they can improvise a solution to the problem.
If people do not have rich feedback from the human-—
computer interface that makes it clear whether the automa-
tion is working properly or not, then they will not be able to
perform this role effectively and reliably.

If, on the other hand, designers think of human—computer
interfaces for automation from the perspective of smart de-
vices, then many of these problems can potentially be over-
come. Just as it is possible to build process constraints into
an interface in a form that is easy to perceive, it should also
be possible to do the same for automation constraints. In fact,
one can envision human—computer interfaces that provide in-
tegrated representations of process and automation status.
These smart interfaces should allow people to independently
track the status and configuration of both the process and the
automation, thereby providing them with the feedback that
they need to effectively understand the interaction between
the controller and the process being controlled.

THE FUTURE

Perhaps ironically, as technology evolves in sophistication
and availability, there will be an increasing need for effective
human-computer interface design. The reason for this is that
there will be more and more engineered systems that require
an interface with the people who will interact with those sys-
tems. The perspective of smart devices described in this arti-
cle should enable designers to develop human—computer in-
terfaces that provide a good fit between the characteristics of
people and the demands imposed by the systems with which
they interact. The result should be safer, more productive,
and more reliable system performance. Only by designing for
people will these goals be achieved. Or in other words, if tech-
nology does not work for people, then it does not work (16).
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INTERFACES, SEMICONDUCTOR-ELECTROLYTE.
See SEMICONDUCTOR-ELECTROLYTE INTERFACES.

INTERFACES, SEMICONDUCTOR-INSULATOR.
SEMICONDUCTOR-INSULATOR BOUNDARIES.

INTERFACE STATES. See SURFACE STATES.

INTERFACE TRAPS. See SURFACE STATES.
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PUTER APPLICATIONS.
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FERENCE.
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SYSTEMS. See COCHANNEL INTERFERENCE.
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