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ABSTRACT 
A multivariate design for N = 1 studies was presented for those areas of 

limited subjects or social psychological designs. The design called for a determi
nation of expected outcomes to be used for baselines, and general criteria were 
related to the selection of control variables. 

THE DESIGN 

MULTIVARIATE METHODOLOGY FOR N = 1 
As most introductory psychology students can readily describe, the goal of 

experimental design is to discover differences in behavior that are attributable 
to explainable or contrived phenomenon. A problem in many psychological 
research inquiries is that the researcher does not enjoy an unlimited supply of 
subjects who have a specified or defined characteristic. It would be a problem 
to order a sample of a strain of human beings with a given set of genetic traits 
much like one would order animals. Moreover, there are some populations that are 
finite with small numbers and no comparison normative data. For example, 
how many Patty Hearsts, or Richard Nixons, or Helen Kellers are there i_f a 
researcher had the resources and wanted to develop a research project around 
such an individual? 

The case study approach is not new to psychology by any means, but the 
application of statistical application involves the whole issue of generalization 
of results. With this issue in mind the researcher has the challenge to eliminate 
extraneous variables that can compete for attribution in a change of behavior. 
The concept of control for N = 1 requires a variety of strategies maximizing 
sources of comparison. Three control references have· been utilized in the past 
and are amendable to N = 1 studies; control or reference groups, pre-treatment 
baselines and conceptually equivalent control variables. 

"A control group is a group that does not receive the experimental treatment, 
often providing a baseline from which the effect of the special treatment is 
measured." (Kimble et. al., 1963, p. 35). The degree of sophistication in using 
control groups determines the degree in which the researcher is able to conclude 
changes in behavior is validity due to his experimental treatment. Campbell and 
Stanley (1963) summarize some strategies for effecting validity in studies; 
however, the more sophisticated the design becomes, the greater prerequisite for 
a large population for randomization of subjects. Ethical questions regarding 
the withholding services for research problems and isolation of certain people, 
as well as previously explained reasons of limited samples, make it difficult to 
employ such designs. It should be remembered that the utilization of a control 
group is for an expectancy probability of change. One method of estimating 
probability of change by chance alone for an individual would be to adopt the 
reliability coefficient determined by the normative sample of an instrument. 
Such a procedure requires a pre-investigation of stability. · 
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Since reliability is generally reported as the correlation between trials of the 
same test, the prediction for any one score for the second trial with the knowledge 
of trial one would be the product of the correlation and trial one standard score. 

~ (r++) = Z predicted 2 
The confidence range of r++ is found by converting to a Fishers%(Ferguson, 

1959, p. 151-152) and multiplying 1.96 times the standard error for the 95 percent 
confidence range. 

where 
S - 1 er- ,------

-J N-'3 

By converting back to correlation coefficients the researcher could determine 
the limits of expeeted change scores for 95 percent confidence. 

~ (± r) = range of expected outcome 95 percent of the time 

Note: The standard error for any individual score should also be taken into 
consideration. 

Therefore, if the individual score of the second trial is outside the envelope of 
expectation, the researcher could make the conclusion◄that the subject's second 
score was beyond the expected probability of occurrence by chance. 

The procedure of utilizing a normative group for comparison is one of utility; 
however, if one has the opportunity to observe and compute the individual's own 
predictability on past trials, the researcher can determine the likelihood of 
occurrence from history. Since we are considering an N of one, the probability 
of 95 percent confidence utilizes the number of observations as the sample of 
observations and determining the standard error from the individual's own 
behavior. 

95% Confidence range = x ± l.96Sx 
where 

x = individual's average score over time 
Sx = variance of observations 

~ number of trials 

Thirdly, the researcher could utilize a multivariate approach in which h e 
could hypothesize and operationalize a set of experimental variables relevant to 
his treatment, and also operationalize a set of control variables that would serve 
as a baseline of behavior. The null hypothesis against which the research 
hypothesis would be paired would be if the change in behavior was due to history, 
maturation, testing, selection or mortality, then all variables would covary and 
change together. 

The criteria for selecting control variables would be critical and depends upon 
the clarity with which the researcher can specify the treatment effects. Three 
criteria appear to be mandatory: 

(1) There should be some evidence to support the assumption that, like control 
groups , the experimental and control variables are independent. 

(2) The experimental variables must be conceptually equivalent and relevant 
to the treatment. There should be some reason to suspect that the control 
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variance could be affected if the treatment proved to be more generalized than 
predicted by the experimental variables alone. 

(3) The experimental and control variables should be comparable to their 
perspective probabilities of change. That is, as opposed to the general problem of 
comparing one variable between two or more groups of randomized selection and 
having the assumption of common reliability, the underlying strategy being 
t.ested is that the experimental and control variable is equally sensitive to 
extraneous variance. 

An extension of the N = 1 univariate analysis can be improvised. A z x z 
matrix of experimental and control levels with frequencies of outcomes 
discriminated into the expected range or beyond expected range. (See Figure 1). 

Obviously, the table is amendable to a chi square analysis with expected 
outcomes as determined by the researchers. Such decisions would depend upon 
the . number of variables and possibly the predetermined weightings of some 
variance relevant to the design. 

An example of the application for the multivariate approach is the data 
taken from an evaluation of training program for one person. Ten experimental 
variables were selected as relevant and sensitive to the treatment, and ten 

. control variables were selected for their relevancy to the program. The variable 
names and analysis are represented in Table 1. 

Experimental 

_/ 

Control 

FIGURE 1 

Expected 
Frequency 

Frequency 

Frequency 

Beyond 
Expected 

Frequency 

Frequency 

With the resultant analysis, the researcher could make the conclusion that 
the individual did change significantly, although he would be limited to extend 
the generalization beyond the subject. 

NON-STABLE CONTROL VARIABLES 
The application of control variance is not limited to those that are predicted to 

be stable from one observation to another. There are strong implications to 
situations in which growth functions can be compared. For example, the 
emotional maturation of adolescents may be compared to their physical growth. 
However, it would be necessary to transform the data matrix via analytic 
geometry to conform to a horizontal model. (See Figure 2). 
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TABLE 1 

Training Effects on Individual Case 

Experimental 
Variable 

1 Empathy rating 
2 Warmth rating 
3 Genui neness rating 
4 Disclose rating 
6 Empath score 
7 Warmth score 
8 Genuineness score 
9 Disclosure score 

10 Confrontation score 

Control 
Variable 

1 Outgoingness score 
2 Elation mood 
3 Seriousness score 
4 Inhibition score 
5 Social Awareness 
6 Tenseness score 
7 Tension rating 
8 Tensions report 
9 Inhibition rating 

10 Inhibition report 

*Beyond Expectation 

Experimental 

Control 

Trial 1 (e1) 

-1.0 
0.0 

- .s 
.s 

-1.0 
1.0 
0.0 

-1.0 
.5 

1.0 
o.o 

- . • 5 
-1.0 
1.0 
.s 

1.0 
0.0 

- .5 
0.0 

Sununary Table 

Beyond 

rll 

.90 

.60 

.90 

.90 

.90 

.90 

.90 

.80 

.90 

• 85 
.60 
.90 

• ◄ • 85 
.90 
.80 
.90 
.80 
.80 
.85 

Trial 2 (Z
2

) 

1.21* 
.62* 
.52* 
.45 

1. 52* 
.-s8 

1.05* 
.OS* 
.08* 

.86 

.00 
-.45 
-.85 

.90 

.00* 

.00* 
-1.00* 
-.43 

.oo 

5.05, p2 .05 

Rotation of data matrices is done by first determining the number of degrees 
desired; in this case, the rotation needed to 1represent the control variable as 
linear horizontal data points. Since there will be two dimensions to be 
rotated, a 2 x 2 rotation matrix is required; however, an orthogonal relationship 
is to be maintained and the same degree of rotation will be assumed for both 
dimensions. The diagonal elements of the rotation matrix would be the cosines 
of the desired angles, whereas the rest of the elements would be the complement 
cosine values. If the rotation is counter clockwise (as in Figure 2), the upper 
right hand complement is given a negative sign, and if the rotation is clockwise 
the lower left hand complement is given a negative sign. Otherwise, the three 
remaining elements are positive. The resultant data matrix is simply post
multiplied by _the rotation consine matrix (lamda). 
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Xl 

Control x2 

Xi Yi 
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Lamda 

cos-&0 cos (90 ~) 

cos (90° afr") cos i¥' 

Rotated Values 
Xi 

Xi Yi 

It should be pointed out that the resultant X or independent values will be 
different when compared to the original intervals of comparison. Therefore, in 
order to be able to compare variance at any one trial or the researcher is required 
to perform a linear transform per data point so as to analyze similar intervals 
of the independent variable. A crude transformation would be to apply the 
formula of proportions, such as: 

Rotated dependent value (y') = 
Rotated independent value (x') 

Value of dependent value for prescribed 
independent value (y") 

or 4=~ 
X = X 

or 4X.' 

Desired interval measurement of 
independent value (x") 

X = dependent value per determined value of independent value 
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FIGURE 2 
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ROlATION OF AXIS TO ASSUME 
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. I 

In summary, a multivariate design for N = 1 studies was presented for those 
areas of limited subjects or social psychological designs. The design called for a 
determination of expected outcomes to be used for baselines, and general 
criteria were related to the selection of control variable. It should be pointed out 
that such a design was not intended to be used as a substitute for more 
sophisticated designs. Control groups not only offer greater opportunities for 
generalization and · sensitivity to experimental treatments, and in control 
variable designs, the researcher has to be more specific in his expected changes. 

This paper should direct the implications to more extensive implications than 
merely to differences related to time events:· The suggestion of a control 
variable has been advocated in behavior modification methodology, especially 
in individual case studies. The intended case for this presentation is when the 
researcher desires to serve two purposes: 1. To provide ad hoc hypotheses 
regarding a stat istical analysis of time related data, and, 2. To provide a 
multivariate model for comparing various psychometric methods across time. 
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