Chapter Seven
MOTIVATION AND EFFICIENCY OF COGNITIVE PERFORMANCE
| William Revelle
Northwestern University

It is fitting in a book written in honor of Jack Atkinson’s lifelong
contribution to the study of personality and human motivation to consider the
motivational determinants of cumulative achievement. In this chapter I will show
how parts of the theoretical framework outlined by Atkinson can be filled in to
answer the question of what determines cumulative achievement. Figure 1
(adapted from Atkinson and Birch, 1978) gives an overview of the richness of
‘Atkinson’s theory, and will serve as an outhne of this.chapter. -

Achievement over a lifespan is loglcally the cumulation of many separate
accomplishments. High achievement is a function of the number of
accomplishments and the quality of the average accomplishment. Each of these
single acts may differ in absolute quality; frequency and number of outstanding
achievements will also differ between people. Evariste Galois and Albert
Einstein are known for a few profound insights; Thomas Edison and George
Carver are remembered for a lifetime of high productivity. Hank Aaron and
Walter Payton have set records in' professional sports based partly upon high
average levels of perf ormance, but based also-upon long and producuve careers.

o The level of performance on a smgle task is a function of abxhty and the
~efficiency with which the task is performed. Efficiency, in turn, depends upon the
nature of the task, and the strength of motivation to engage in that task. Tasks
can differ in their difficulty, their importance, and their intrinsic interest. In
addition, tasks can differ in.the type of cognitive resources they require.-Recent
work in cognitive psychology allows us to analyze tasks in .terms of various

- components of information processing, and to consider how motivation can effect
- efficiency in a number of different ways. Efficiency can be analyzed in terms of

- “the tradeoff between spending time doing one class of tasks (e.g., achievement)

~ versus another class (e.g., affiliation), in terms of task choice (whether to do the

. experimenter defined task or to do the subject defined task), in terms of strategic

- tradeoffs between working rapidly and working accurately, and in terms of

. tradeoffs between cognitive tesources (e.g., those requued for short term memory
yersus sustained information transfer).

Time spent on a task is a function of the strength of motivation to engage in
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FIGURE 1. The multiple determinants of cumulative
achievement. (Adapted from Atkinson and Birch, 1978).
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that task, as well as the incentives and opportunities to do the task or to do
something else. Alternative - measures ‘of motivation include choice, latency,
persistence, frequency, and total time spent, and can be seen as different levels of
measurement of the same underlying construct. ;

All of these analyses depend upon: decomposing the strength of motivation
into two components: direction and intensity. Some motivational effects are best
explained: by their directional characteristics, others -(particularly the effect of
motivation upon :components of information processing) are best:understood in
terms of their intensity. Central to this decomposition is Atkinson and Birch’s
(1970) analys:s of the dynamxcs of motivation as a function of time,

Strength of Motivation: The Implications of the Dynamncs of Action-
Perhaps Atkinsoh’s major contribution to the study of cumulative

performance was his work with David Birch which introduced the dimension of
time to the analysis of motivational strength and direction.  This work was an
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outgrowth of earlier work by Lewin and other Gestalt psychologists (e.g.,
Zeigarnik, 1927/1938), Feather (1961), as well as a paper with Cartwright
(Atkinson and Cartwright, 1964). The fundamental idea was the recognition that
the initiation of an activity should be analyzed in the same manner as the
persistenice of an activity: the latency of onset of an activity is equivalent to the
persistence of not doing that activity. 4

Although a seemingly simple point, this realization provides a common
language for the analysis of choice, persistence, latency, frequency, and time spent.
That is, the simple act of choosing to initiate B rather than C after doing A can be
analyzed in terms of the choice (B or C), the persistence of A, and the latency of
B. If choices are allowed in an unconstrained manner, it is possible to find the
frequency of choosing B over C, as well as the total time spent in activities A, B, or

In addition, by changing from a static to a dynamic perspective, the issue of
what behavior was occurring before the current one becomes of vital importance.
That subjects recall more unfinished tasks than finished tasks (Zeigarnik, 1927/
1938), or that non-anxious subjects perform better following failure than following
success (Weiner & Schneider, 1971) is understandable within a dynamic
framework, but hard to understand within a static perspective.

The Dynamics of Action ( DOA)

An early formulation of this dynamic model (Atkinson, 1964) considered
that the strength of tendency to do r in order to achieve the goal g, (TI g) was

greater if there were some unsatisfied "inertial” tendency to achieve success. The
inertial tendency was associated with Lewin’s need or intention which was thought
to persist until satisfied. ‘

Formal specification of this model was provided by Atkinson and Birch
(1970) who realized that the combination of inertial tendencies and changes over
time could be expressed by differential equations. This meant that the analysis
should change from specifying motivational tendency to specifying rates of change
in tendency. An-advantage of the dynamic model was that it forced investigators to
investigate the time course of the behavioral stream. No longer was it possible to
assume trial to trial or task to task independence, but rather it was necessary to be
explicit in how to treat the different amounts of satisfaction one obtained by
succeeding versus failing on a task in order to understand performance on the
subsequent trial. o :

A simple application of the inertial tendency assumption was the
demonstration by Revelle and Michaels (1976) that some data which seemed to
contradict the conventional theory of achievement motivation (Atkinson, 1957)
could be well fit with the addition of inertial tendencies. As Heckhausen (1967)
and Hamilton (1974) had shown, persons with a high need for achievement tend to
prefer tasks with a probability of success somewhere between .3 and .4 rather than
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the .5 predicted by Atkinson (1957). Further problematic data had been reported
by Locke (1968) who had shown that subjects try harder the harder the goal that
they set. When the assumption of inertial tendencies L(Tsk = Tsl + CfTsk-—l

following failure but Ty = Tsi following success) was added to the traditional
(Atkinson, 1957) theory [T; = M. (1-P)], Revelle and Michaels (1976)
showed that Hamilton’s data and Locke’s data could be fit quite well.

A more elegant extension of this point was made by Kuhl and Blankenship
(1979 a,b) who completely integrated the Atkinson (1957), Atkinson and Birch
(1970), and Revelle and Michaels (1976) perspectives. Kuhl and Blankenship
(1979a) provide an excellent theoretical treatment of the relationship between the
traditional theory of achievement motivation (Atkinson, 1957) and the dynamics of
action (DOA, Atkinson & Birch, 1970). Kuhl and Blankenship (1979b) provide
empirical support for the prediction that risk preferences should shift over time
from an initial preference for intermediate difficulty to a later preference for more
difficult tasks. (See also Schneider and Posse’s (1982) suggestion that such shifts
can be understood in terms of a win-shift, lose-stay strategy.)

Although analytical solutions to the DOA model could only be estimated
asymptotically, by approximating the model in terms of a set of difference
equations, it was possible to develop computer simulations of the model. Many of
us can remember the excitement of testing alternative theoretical assumptions by
comparing how the “spaghetti" behaved as assumptions were varied. These
simulations showed both the strengths and the weaknesses of the model. It was
clear from the simulations that several parameters of the model (the instigating and
consummatory lags) which are necessary to make it work have rather fuzzy
coordinating definitions in the. theory. Yet another difficulty in the DOA s that
although the decision rule of what leads to a change in behavior is well specified, it
is less clear how the decision is made. :

Stimulus-Need-Response Model 1

An alternative model to the DOA, which maintains many of the same
assumptions but is mathematically simpler, can be derived from concepts developed
by British "control theorists” of animal behavior (e.g.; McFarland, 1974, Toates &
Halliday, 1980). This model has one exogeneous independent variable (the input
stimulus), an intervening variable (a need or covert response), and one observable
output variable (the overt response). The basic assumption in this model is that a
stimulus excites a need, a need excites a response, and a response reduces the
need. This may be shown figurally as a box or flow diagram (Figure 2).

This path model may ‘be formalized in terms of the following two
differential equations relating stimulation (S), need (N), and response (R) with
the constraint that R>0: S : : o ‘

- dN =mS-cR Q)



111
dR = eN-iR - 2
FTGURE 2. A control system mddel 'of the"internelationsliips

of stimulus, needs, and responses. Stimulus and response are

observable variables, need is an unobserved latent variable.

consummation inhibition

-excitation

The coefficients are: m, the strength of the memory associating the stimulus
to the need; c, the amount of the consummatory effect of the response on the
need; e, the strength of the excitation that a need induces in a response; i, the
inhibition or fatigue that making a response has upon that response. The constraint
R > 0 is imposed by assigning all negative values of R to 0. When equations (1
and 2) are simulated and need and response are plotted against time, need and
response will achieve stable values (Figure 3). '

As should be obvious from the equations, with constant stimulus S, need will
achieve an asymptotic level: N = iR/e. At this level, response strength will have
value R = mS/c, and thus, by substitution, need will have the value of N = imS/
ec.. This system is equivalent to several of the systems discussed: by Bolles.(1980)
who showed how a system can achieve an equilibrium without necessarily having a
homeostatic set point. .

Generalized Stimulus-NeedsResponse Model (SNR)

- Such a system becomes more complicated (and more interesting) if we
consider S, N, and R to be vectors of stimuli, needs, and responses, and introduce
the concept of response incompatibility. -If- doing A is incompatible with doing B
(an interesting example of such incompatibility is found in the newt which breaths
at the surface of ponds, but copulates under water, Halliday, 1980), then responses
can be said to inhibit each other and we have a system which may be seen
graphically (Figure 4) or may be expressed by the differential equations:

 dN=mS-®R . ®
C@mee-x @
o Ihe‘ coef f 1c1enxsare matnces the elements of which are': ‘m, the stréngth of

the memory associating a stimulus to a need; ¢, the amount of a consummatory
effect of a response on a need; e, the strength of the excitation that a need induces
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FIGURE 3. Need and response intensity as a function of
time. The stimulus (S) has an initial value of 8, and is then
changed to 2 and finally to 6. Both need and response
intensity yachiev‘e new equilibrium values after the change in

stimulus intensity.
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in a response; i, the inhibition or fatigue that making a response has upon that and
other responses. The constraint R > 0 is imposed by assigning all negative values
of R to 0. : E :

Response Intensity

l

If the inhibition matrix is diagonal, then responses are mutually compatible
and all responses can occur at the same time. Thus, each need may achieve a
steady state. However, if the responses are incompatible, then -only one response
occurs at a time and the needs do not achieve a ‘steady state. Instead, needs grow
ax)ad decline over time as first one and then another response is expressed (Figure

The benefits of the matrix representation is that it recognizes that a stimulus
actually can be formed as a complex pattern of stimuli, and similarly, that a single
response may be formed from a pattern of simpler acts. In addition, the matrix
representation introduces the concept of a state space, in which it is possible to
consider how behavior changes an individual’s location in a multidimensional space,
the dimensions of which are the separate needs. If responses are mutually
incompatible (mutually inhibitory), producing a response which reduces one need
will simultaneously lead to a move away from homeostatic balance along the other
need dimensions. : ” : S \
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FIGURE 4. A generalized control system model of stimuli,
needs, and responses. Mutual inhibition between responses is
shown. The generalized effect of stimuli on multiple needs,
the excitatory effect of needs on multiple responses, and the

consummatory effect of responses on multiple needs are not
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A further benefit of the matrix representation is simplicity. For instance, all
relationships between stimuli and needs are summarized in the m (memory) matrix.
The diagonal elements-correspond to the direct effect a stimulus has upon a need;
the off-diagonal elements correspond to generalization effects. That is, to the
extent that two stimuli are similar, they should have similar effects upon a need.
Similarly, the diagonal elements of the ¢ (consummation) matrix reflect the degree
to which doing an activity reduces the need to do that activity; the off -diagonal
elements may be thought of as representing substitutions: the extent to which doing
an act reduces other needs. The diagonal elements of the e (excitation) matrix
represent direct excitatory effects of needs upon responses; the off diagonal







