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Diploma in Business Administration

Quantitative Methods

Specimen Question Paper 2001

Examiner’s Suggested Answers

General Marking Policy

It is important for the student to answer the question as opposed to presenting
all he/she knows about the general subject area covered by the question. Stu-
dents failing to apply their knowledge about a particular subject to a specific
question should not be given more than eight marks in total for each question
answered.

For those questions requiring explanation of techniques or interpretation of re-
sults, students are not expected to produce answers that correspond exactly to
those set out below. The essential criterion for allocating marks to these types of
questions is that students demonstrate a broad understanding of the concepts
involved.

For the numerical questions, which require the application of appropriate statis-
tical techniques, half the available marks are awarded for the final answer and
half for the method adopted and notation used.

Question 1

(a) Nominal measurement is used simply to partition data into categories which
are mutually exclusive and exhaustive. Numbers are assigned to objects in order
to classify or name them. For example, the gender of a respondent might be
measured by the numbers 1 and 2, where 1 = male and 2 = female.

Ordinal measurement maintains the classification characteristics of nominal
measurement but allows for the ordering of data. In other words, ordinal meas-
urement is used when we want to indicate rank order. For example, if we wanted
consumers to indicate their preference for specific brands, we might ask them to
rank the brands in order of preference (1 = best, 2 = 2nd best, 3 = 3rd best and so
on).

Interval measurement contains all the elements of ordinal measurement with the
added dimension that the intervals between points on an interval scale are equal.
Temperature is a good example of an interval scale. The increase in temperature
between 10°C and 20°C is the same as that between 20°C and 30°C, but it is not
possible to say that 20°C is twice as hot as 10°C.

Ratio measurement has all the elements of the previous scales of measurement
plus an absolute and meaningful zero point which represents the complete ab-
sence of the characteristic being measured. For example, age, weight and height
are measured on a ratio scale.
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(b) An understanding of the alternative levels of measurement is important be-
cause there are many different types of questions which an analyst may use in a
questionnaire. However, when designing a questionnaire it is important to give
consideration to the analysis which you wish to conduct on the data once it has
been collected. For example, if you wish to estimate average per capita consump-
tion of a product from your survey, it is essential that you collect interval or ratio
data, from which an average may be calculated. If you were to ask a question
which asked respondents to indicate levels of consumption (high, medium, low
etc.) then you would be unable to calculate the average level of consumption.

The other reason why an understanding of measurement is important is that the
analyst needs to consider the assumptions made when asking certain types of
questions. For example, you often find market researchers asking people to indi-
cate the importance of various product attributes (colour, taste, texture, price
etc.) using a numerical scale (1 = not at all important, 7 = very important). This
implies that we can measure importance on an interval scale, which may be an
unrealistic assumption about consumer perceptions and the allocation of num-
bers to subjective measurements.

(c) There are a number of potential sources of error associated with the collec-
tion of survey data. The two major types are random (sampling) error and sys-
tematic (non-sampling) error. Random error results from the fact that in the vast
majority of cases we are dealing with sample data (rather than population data).
Even if all aspects of the sample are executed properly, the results are still sub-
ject to a certain amount of error. This error cannot be avoided, but it can be
reduced by increasing sample size. Systematic error, or bias, results from mis-
takes or problems in the research design (sample design error) or flaws in the
execution of the sample design (measurement error). This error can be avoided
by careful selection of the sample (i.e. to make it representative of the population)
and supervision of data collection.

Question 2

(a) A point estimate is a single number estimate of a population parameter. For
example, a sample mean may be used as a point estimate of the population mean.

An interval estimate is a range within which we can be confident, at a given level
of probability, that the value of the population parameter lies. For example, we
can be 95 per cent confident that a population mean will lie within 1.96 standard
errors of a sample mean, assuming that the sample is truly random and suffi-
ciently large.

(b) (i)
Let π = population proportion of people who can recall the

advertisement (‘recalls’)
p = sample proportion of recalls (= 0.37)
n = sample size (= 500)

Then, the 95% confidence interval may be written as:
π = p +1.96 √(π(1 - π)/n)

As π is unknown, p is used in the formula to estimate the standard error of
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the proportion. Thus,

π = 0.37 +1.96 √(0.37(1 - 0.37)/500)
   = 0.37 + 0.042

Thus, there is a 95% probability that the population proportion of recalls
lies between 32.8% and 41.2%.

(ii) The following formula may be used to find the required sample size:

n = p(1 - p)/(0.01/1.96)2

   = 0.2331/0.00002603 = 8,955

Thus, there would be a 95% probability that the population proportion of
recalls would lie between 39% and 41% if the sample size were 8,955.

Question 3

(a) Parametric tests require that the null hypothesis be stated in terms of pa-
rameters and that the test statistic follows a known distribution. Parametric tests
are generally more ‘powerful’ (that is, less likely to produce Type I errors) than
non-parametric tests. For this reason, they are always preferred when the as-
sumptions made hold good for the data being analysed. The most important as-
sumptions made in the majority of parametric tests are that the data are at least
at interval level and are approximately normally distributed. Quite frequently,
however, survey data do not meet these criteria. In these circumstances, it is
generally accepted that researchers should use an equivalent non-parametric
test.

(b) The expected value is the value that you would expect a random variable to
take on average. For example, if the random variable were the number of heads
from 100 tosses of a coin, you would expect to get 50, provided the coin was not
biased in favour of heads or tails.

The expected value of a random variable (x) is calculated by multiplying the prob-
ability of occurrence by the number of trials. Thus, for example, in the coin toss-
ing example, the expected number of heads from 100 tosses of a fair coin would
be calculated as:

E(x) = p(x)(100) = 0.5(100) = 50

where 0.5 is the probability of x and 100 is the number of trials (tosses).

(c) First, state the null and alternative hypotheses.

H0: Drug type and patient response are independent (no association)
HA: Drug type and patient response are not independent (there is an association)

Select an appropriate test (chi-squared) and a significance level (say, 0.05).

The critical value of chi-squared at the 5% level of significance with 2 degrees of
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freedom is 5.991.

Determine the actual value of chi-squared by calculating:

x2 =    (0 - E)2

      E

where E is the expected frequency and 0 is the observed frequency in each cell of
the table.

0 E 0 - E (0 - E)2 (0 - E)2/E

65 80 -15 225 2.8125
35 20 15 225 11.25
90 80 10 100 1.25
10 20 -10 100 5.0
85 80 5 25 0.3125
15 20 -5 25 1.25

Total 21.875

Finally, compare the actual chi-squared value with the critical value and draw an
appropriate conclusion.

Since the actual chi-squared value is greater than the critical value, we can reject
the null hypothesis at the 5% level of significance, and conclude that drug type
and patient response are not independent (there is an association).

Question 4

(a) The Central Limit Theorem states that, for a random sample of size 30 or
more, the sampling distribution of the mean will be approximately normally dis-
tributed with a mean equal to the population mean and a standard error which is
smaller than the population standard deviation and which decreases as the sam-
ple size increases. Thus, for any random variable, x, with a population mean, µ,
and standard deviation, σ, the sampling distribution of the mean will be normally
distributed with a mean equal to µ and a standard error equal to σ/√n.

The importance of the theorem lies in the fact that we do not need to know the
shape of the population distribution of the random variable. If we take a random
sample of at least 30 observations, we can draw inferences about the population
parameter because of the known properties of the sampling distribution.

(b) Statistical hypothesis testing proceeds on the same basis as the legal sys-
tem. Unless we can find evidence to the contrary, we always assume the status
quo (i.e. no change or not guilty in the case of the legal system!). The null hypoth-
esis is simply the statement of the status quo, which we seek to reject (or nullify)
from the hypothesis test. For example, suppose that it has been claimed that a
particular car can achieve an average of 40 miles per gallon in normal use. To
test this claim, we would state the null hypothesis as:

H0: µ = 40
which might be tested against the alternative hypothesis:

∑
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HA: µ ≠ 40

(c) First, state the null and alternative hypotheses.
H0: µ = 7,200
HA: µ < 7,200 (one-tailed test)

Now select the appropriate test statistic (the t and normal distributions are ac-
ceptable) and significance level (say, 5%).

The critical value of the t statistic (from the Student ‘t’ distribution) with n - 1 =
29 degrees of freedom at the 5% level of significance is +1.69 in a one-tailed test.

Now calculate the actual t-statistic:

t = x - µ
s/√n

= 6,030 - 7,200
570/√30

= -11.23

Finally, compare the actual ‘t’ value with the critical ‘t’ value and draw an appro-
priate conclusion. As the calculated value is outside the range +1.69, we can
reject the null hypothesis and conclude that the average income of account cus-
tomers is now less than £7,200.

Question 5

(a)
(i) The regression coefficient is the number which quantifies the relationship

between the dependent variable and the explanatory variable. For example,
in the simple linear regression model:

Y = a + bX

b is the regression coefficient to be estimated, which indicates by how much
the value of Y changes for a given change in the value of X.

(ii) An explanatory or independent variable in a regression equation is the vari-
able that is assumed to cause the dependent variable to change. In the above
regression equation, changes in the explanatory variable, X, are assumed to
cause changes in Y.

(iii) An inverse relationship in regression analysis is specified by a negative sign
on the regression coefficient:

Y = a - bX

This means that as the value of X increases the value of Y decreases.
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(b) (i)

Price(X) Imports(Y) XY X2

232 100 23,200 53,824
220 120 26,400 48,400
218 125 27,250 47,524
210 130 27,300 44,100
210 128 26,880 44,100
212 126 26,712 44,944
217 120 26,040 47,089
240 140 24,000 57,600
242 90 21,780 58,564
238 90 21,420 56,644
230 95 21,850 52,900
230 98 22,540 52,900

Totals 2,699 1,322 295,372 608,589

a = 397.77
b = -1.279

Thus, when the average monthly price is £250/tonne, the monthly volume
of imports will be:

Y = 397.77 - 1.279(X)
397.77 - 1.279(250) = 78.02

(ii) The correlation coefficient is -0.95. This represents a high degree of negative
linear correlation. As the coefficient of determination is about 0.9, approxi-
mately 90 per cent of the variation in Y can be explained by variations in X.

Question 6

(a) Decomposition involves breaking down a time series into four constituent
parts: trend (T), seasonal variation (S), cyclical variation (C) and random varia-
tion (R). These components are added together when the time series has a sta-
tionary (i.e., constant) variance (to give the additive model) and they are multi-
plied when it has a non-stationary variance (to give the multiplicative model).

(b) Time series analysis is inappropriate when:
• There is insufficient data (i.e., the time series is too small)
• There are structural breaks present in the data or structural changes

are anticipated in the future (time-series analysis assumes that histori-
cal relationships will continue into the future).

(c)
(i) Either the additive or multiplicative models are acceptable in this part of the

answer. The multiplicative model is employed below.
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Time Sales (Y) Trend Y/Trend x 100

1 11 24.63 44.7
2 32 26.77 119.5
3 65 28.91 224.8
4 21 31.06 67.6
5 13 33.20 39.2
6 29 35.34 82.0
7 67 37.49 178.7
8 28 39.63 70.7
9 17 41.78 40.7
10 29 43.92 66.0
11 82 46.06 178.0
12 43 48.21 89.2

The estimated time trend is Y = 22.48 + 2.14 (Time)

Seasonal Index (%)
Quarter 1 41.5
Quarter 2 89.1
Quarter 3 193.7
Quarter 4 75.8

(ii) Forecasts: 2000 Q1: (22.48 + 2.14(13)) x 0.415 = 20.87
Q2: (22.48 + 2.14(14)) x 0.891 = 46.72
Q3: (22.48 + 2.14(15)) x 1.937 = 105.72
Q4: (22.48 + 2.14(16)) x 0.758 = 42.99

As the time-series is quite short (only three years) and no other influencing
factors are taken into account, the forecasts are unlikely to be very reliable.

Question 7

(a) Unweighted price index numbers take no account of the relative importance
of each item included in the construction of the index. Weighted price in-
dexes do attempt to take relative importance into account. The Laspeyres
and Paasche price indexes, for example, both refer to a typical basket of
goods, and the prices are weighted by the quantities of the items in the
basket.

(b) The CPI of 120 in 1995 has to be increased by the appropriate percentage to
obtain the required indexes for 1996-99:

1996: 120 x 108/100 = 129.6
1997: 120 x 119/100 = 142.8
1998: 120 x 131/100 = 157.2
1999: 120 x 150/100 = 180.0

(c) There are several unweighted index numbers that could be calculated. A
simple aggregate price index would give:
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Index = ∑ p1

∑ p0

where p1 represents current prices and p0 represents base year prices. This
gives an index for 1999 equal to 102.38.

A weighted price index can be calculated from the following formula:

Index = ∑ p1Q
∑ p0Q

  = 1,510/1,248 x 100
  = 120.99

The weighted index is much higher than the unweighted index as it gives
much more weight to item C, the price of which rose by 50 per cent.

Question 8

(a) Breakeven analysis enables managers to determine the output level at which
costs are balanced by revenues. The breakeven point may be the point at
which the firm begins to make a profit. While applying this technique may
give firms a useful insight into the main determinants of their costs and
revenues, it has many limitations. In practice, there are considerable diffi-
culties in estimating cost and revenue functions which may be non-linear
and complex if more than one good is produced.

(b) Market research is required to investigate the likely demand for a new prod-
uct. This can be undertaken by means of a postal questionnaire, interviews
or discussion groups. In all three cases, the aim is to assess the size of the
market and gain information that will be useful in pricing and advertising
the product.

(c)
(i) The equilibrium market price and quantity can be found by solving the de-

mand and supply equations simultaneously. In equilibrium, d = s

1,000 - 500p = -200 + 1,000p
p = 0.80

The market quantity can be found from either the demand or supply equa-
tion:

q = 600

As the firm is a price taker, it must charge £0.80 per brick and will sell
0.002 x 600 = 1.2 million bricks per year.

(ii) Repeat part (i), with the new supply equation:
1,000 - 500p = 1,000p

p = 0.67
q = 667

As the firm is a price taker, it must charge £0.67 per brick and will sell
0.002 x 667 = 1.33 million bricks per year.

x 100




