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The Foundation of Time-Series Analysis: Introducing the Durbin-Watson Test

The Durbin-Watson Test is an indispensable diagnostic tool used primarily within regression

analysis to rigorously assess the existence of autocorrelation, often referred to as serial correlation,

among the residuals of a time-series dataset. Conceptualized and developed by statisticians
James Durbin and Geoffrey Watson in the early 1950s, this test directly addresses one of the core
assumptions underlying classical linear regression models: the critical requirement that error terms
must be independent. When implementing the widely utilized Ordinary Least Squares (OLS)
method, it is fundamentally assumed that the errors linked to any single observation bear no
correlation with the errors of any other observation. The violation of this crucial independence
assumption, particularly common in data collected sequentially over time (e.g., economic or
financial data), severely compromises the reliability of statistical inference. Specifically, it leads to
biased standard errors and potentially misleading t-statistics, even though the coefficient estimates
themselves may remain unbiased. Consequently, executing the Durbin-Watson test is an essential
preliminary step for validating the structural integrity and statistical robustness of any time-series
regression model before drawing substantive conclusions.

The central mission of the Durbin-Watson statistic is to quantify the strength and nature of the
linear relationship between the current residual ($e_t$) and the residual from the immediately
preceding time period ($e_{t-1}$). The presence of positive autocorrelation, where a positive
error is typically followed by another positive error, is a pervasive issue in empirical economic and
financial time series. Conversely, negative autocorrelation, which is far less common, implies
that positive errors tend to be succeeded by negative errors, indicating an oscillatory pattern in the
residuals. If this test detects statistically significant autocorrelation, researchers must abandon
standard OLS inference and employ sophisticated statistical adjustments or alternative modeling
techniques. These alternatives often include methods such as Generalized Least Squares (GLS)

or the strategic inclusion of lagged dependent variables, all aimed at restoring the validity and
efficiency of the model's coefficients and hypothesis tests. The test statistic itself, conventionally
denoted by 'd', is meticulously derived from the calculated residuals generated by the fitted
regression model, culminating in a single numerical value that succinctly summarizes the degree of
serial correlation present in the model's error structure.

Interpreting the output of the Durbin-Watson test necessitates comparing the calculated 'd' statistic
against a predefined set of critical values. These critical values are uniquely determined by several
specific characteristics of the model under examination. These defining factors include the sample
size (n), the total number of independent variables (k) utilized in the model (excluding the
intercept), and the chosen level of significance ($alpha$). Unlike many conventional statistical
tests that rely on a single critical value to define the rejection region, the Durbin-Watson test
requires two boundary values: a lower bound ($d_L$) and an upper bound ($d_U$). These two
critical bounds serve to delineate three distinct zones: a region of definite positive autocorrelation,

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Durbin%E2%80%93Watson_statistic
https://en.wikipedia.org/wiki/Regression_analysis
https://en.wikipedia.org/wiki/Regression_analysis
https://en.wikipedia.org/wiki/Autocorrelation
https://en.wikipedia.org/wiki/Generalized_least_squares
https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
https://statistics.arabpsychology.com/?p=14438
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Understanding the Durbin-Watson Test: A Guide to Interpreting Critical Values for Time-Series Analysis

a region of non-autocorrelation (independence), and an indeterminate or inconclusive zone. This
complex bounding structure reflects the inherent mathematical difficulty in testing for serial
correlation, especially since the true population errors are unobservable and must be estimated
from the available sample data.

The Calculation and Interpretation of the Durbin-Watson Statistic

The core concept of autocorrelation is fundamental to grasping why the Durbin-Watson test is
essential. When regression residuals exhibit correlation over time, it provides strong evidence that
the OLS model has failed to capture some systematic, time-dependent pattern within the data. This
failure often results in standard errors that are systemically understated. If the calculated standard
errors are artificially small, the corresponding t-statistics become inflated, dramatically increasing
the risk of making a Type | error--the incorrect rejection of the null hypothesis. For example, in the

presence of strong positive autocorrelation, the effective number of truly independent observations
is significantly reduced. This reduction leads to an overly optimistic calculation of the variance of
the coefficient estimates, potentially causing researchers to assign undue confidence to results that
are, in fact, statistically tenuous.

The derivation of the Durbin-Watson statistic is elegantly engineered to precisely quantify this
sequential dependence. The statistic 'd' is mathematically defined as the ratio of the sum of
squared differences between successive residuals to the sum of the squared residuals themselves.
By definition, the statistic 'd" is constrained to fall within the range of 0 to 4. A value of 'd' that is
precisely or very close to 2 signifies that the residuals are completely uncorrelated, perfectly
satisfying the OLS assumption of independent errors. Conversely, a value approaching O indicates
severe positive autocorrelation, meaning that the residual at time $t$ is highly correlated with its
predecessor at time $t-1$. Conversely, a value near 4 points to extremely strong negative
autocorrelation, an outcome that, while less frequent in economic modeling, is equally detrimental
to the validity of statistical inference.

The necessity of using specific critical value tables stems from the non-standard and complex
distribution of the Durbin-Watson statistic. The exact probability distribution of 'd" is intrinsically
dependent on the specific values of the independent variables (the X matrix), which inherently
varies across different regression models. To overcome this analytical challenge, Durbin and
Watson meticulously calculated bounds ($d_L$ and $d_US$) that encompass the entire possible
range of the true critical values, regardless of the specific configuration of the independent
variables. These calculated bounds enable researchers to draw robust conclusions regarding the
presence of autocorrelation solely based on the model's size parameters (n and k). This bounded
decision framework provides a consistent and reliable method for testing across diverse
applications, contingent on the data structure adhering to the sequential nature characteristic of
time-series observations.
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Defining the Parameters for Critical Value Lookup

The effective and accurate application of the Durbin-Watson critical value tables relies entirely on
the correct determination of three essential parameters, all of which are derived directly from the
fitted regression model and the chosen analytical standard. These parameters dictate the specific
row and column coordinates required to extract the lower ($d_L$) and upper ($d_U$) critical
bounds from the tabulated data. Any failure to correctly identify these inputs will invariably lead to
the selection of incorrect critical values, resulting in erroneous conclusions regarding the presence
or absence of serial correlation.

The determination process involves:

Sample Size (n): This parameter represents the total number of observations utilized in the
regression model. In the context of time-series analysis, this is equivalent to the number of time
periods analyzed. This value dictates the specific row index that must be used within the critical
value table.

Number of Independent Variables (k): This refers strictly to the count of predictor variables
included in the model, with the explicit exclusion of the intercept term (or constant term). It is
crucial to remember that the constant term is deliberately not counted as an independent variable
when determining the value of 'k’ for Durbin-Watson table consultation. This parameter dictates the
appropriate column index.

Alpha Level ($alpha$): This is the predetermined and established level of statistical significance.
Common practice dictates setting $alpha$ at either 0.05 (5%) or 0.01 (1%). The choice of the
alpha level is critical because it determines which specific critical value table is consulted, as the
calculated bounds shift depending on the required level of confidence and the associated risk
tolerance for Type | errors.

Once these three parameters (n, k, and $alpha$) have been precisely identified, the researcher
must locate the corresponding row (based on n) and column (based on k) within the table
corresponding to the chosen $alpha$ level. The resulting intersection yields the required pair of
critical bounds, $d_L$ and $d_U$. These bounds are absolutely indispensable for defining the
rigorous decision regions necessary to test the null hypothesis that there is no positive

autocorrelation of the first order. The provided images below offer comprehensive tables spanning
various combinations of these parameters, thereby enabling researchers to quickly find the
necessary critical values for the two most common significance levels.

Durbin-Watson Critical Value Tables

The following tables furnish the necessary critical values required for conducting the Durbin-
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Watson Test. The first table is specifically calibrated for a highly stringent level of significance,
$alpha = 0.01$%. This low threshold demands extremely strong evidence to justify the rejection of
the null hypothesis of no autocorrelation. This stringent level is typically employed in situations
where the consequences of mistakenly identifying autocorrelation are severe, or when analyzing
highly sensitive data, such as volatile financial time series, where model stability is paramount.
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a=.01
k=1 k=2 k=3 k=4 k=5
n dL du dL du dL du dL du dL du
6 0.39 1.14
7 0.44 1.04 0.25 1.68
8 0.5 1 0.35 1.49 0.23 2.1
9 0.55 1 0.41 1.39 0.28 1.88 0.18 2.43

10 0.6 | 0.47 1.33 0.34 1.73 0.23 2.19 0.15 2.69
11 0.65 1.01 0.52 1.3 0.4 1.04 0.25 2.03 0.19 2.45
12 0.7 1.02 0.57 1.27 0.45 1.58 0.34 1.91 0.24 2.28
13 0.74 1.04 0.62 1.26 0.5 1.53 0.39 1.83 0.29 2.15
14 0.78 1.05 0.66 1.25 0.55 1.49 0.44 1.76 0.34 2.05
15 0.281 1.07 0.7 1.25 0.59 1.46 0.45 1.7 0.39 1.96
16 0.84 1.09 0.74 1.25 0.63 1.44 0.53 1.66 0.44 1.9
17 0.87 i 0.77 1.25 0.67 1.43 0.57 1.3 0.48 1.85
18 0.9 1.12 0.8 1.26 0.71 1.42 0.61 1.6 0.52 1.8
19 0.93 1.13 0.23 1.26 0.74 1.41 0.65 1.58 0.56 1.7
20 0.95 1.15 0.86 1.27 0.77 1.41 0.68 1.57 0.6 1.74
21 0.97 1.16 0.29 1.27 0.8 1.41 0.72 1.55 0.63 1.71
22 1 1.17 0.91 1.28 0.83 1.4 0.75 1.54 0.66 1.69
23 1.02 1.19 0.54 1.29 0.26 1.4 0.77 1.53 0.7 1.67
24 1.04 1.2 0.96 1.3 0.88 1.41 0.8 1.53 0.72 1.66
25 1.05 1.21 0.98 1.3 0.9 1.41 0.83 1.52 0.75 1.65
26 1.07 1.22 1 1.31 0.93 1.41 0.85 1.52 0.78 1.64
27 1.05 1.23 1.02 1.32 0.95 1.41 0.88 1.51 0.21 1.63
28 a f | 1.24 1.04 1.32 0.97 1.41 0.9 1.51 0.83 1.62
20 1.12 1.25 1.05 1.23 0.959 1.42 0.92 1.51 0.85 1.61
30 1.13 1.26 1.07 1.34 1.01 1.42 0.54 1.51 0.88 1.61
31 1.15 1.27 1.08 1.34 1.02 1.42 0.96 1.51 0.9 1.6
32 1.16 1.28 g Jsa | 1.35 1.04 1.43 0.98 1.51 0.92 1.6
33 1.17 1.29 1.11 1.36 1.05 1.43 1 1.51 0.54 1.59
34 1.18 1.3 1.13 1.36 1.07 1.43 1.01 1.51 0.95 1.59
35 1.15 1.21 1.11 1.27 1.08 1.44 1.03 1.51 0.57 1.59
36 1.21 1.32 1.15 1.38 1.1 1.44 1.04 1.51 0.99 1.59
37 1.22 1.32 1.16 1.28 1.11 1.45 1.06 1.51 1 1.59
38 1.23 1.33 1.18 1.39 1.12 1.45 1.07 1.52 1.02 1.58
30 1.24 1.34 1.15 1.39 1.14 1.45 1.05 1.52 1.03 1.58
46 1.25 1.34 1% 1.4 1.15 1.46 1.1 1.52 1.05 1.58
15 1.29 1.38 1.24 1.42 H L 1.48 1.16 1.53 1.1 1.58
50 1.32 1.4 1.28 1.45 1.24 1.49 1.2 1.54 1.16 1.59
L1 1.26 1.43 1.32 1.47 1.28 1.51 1.25 1.55 1.21 1.59
60 1.38 1.45 1.35 1.48 1.32 1.52 1.28 1.56 1.25 1.6
b5 1.41 1.47 1.38 1.5 1.35 1.53 1.31 1.57 1.28 1.61
70 1.43 1.49 1.4 1.52 1.37 1.55 1.34 1.58 1.31 1.61
75 1.45 1.5 1.42 1.53 1.39 1.56 1.37 1.59 1.34 1.62
80 1.47 1.52 1.44 1.54 1.42 1.57 1.39 1.6 1.36 1.62
85 1.48 1.53 1.46 1.55 1.43 1.58 1.41 1.6 1.39 1.63
a0 1.5 1.54 1.47 1.56 1.45 1.59 1.43 1.61 1.41 1.64
1.51 1.55 1.45 1.57 1.47 1.6 1.45 1.62 1.42 1.64

100 ( 1.52 1.56 1.5 1.58 1.48 1.6 1.46 1.63 1.44 1.65
150 ( 1.01 1.04 1.6 1.65 1.58 1.67 1.57 1.68 1.56 1.69
200 ( 1.66 1.68 1.65 1.69 1.64 1.7 1.63 1.2 1.62 1.73
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The subsequent tables present the critical values optimized for the standard and most frequently
adopted level of significance: $alpha = 0.05%. This 5% significance level represents the most
common threshold utilized in empirical research across disciplines including economics, the social
sciences, and various engineering fields. It provides a balanced statistical approach aimed at
minimizing the risks associated with both Type | and Type Il errors. Researchers are required to
meticulously cross-reference their specific sample size (n) and the count of predictor variables (k)
to accurately extract the correct lower ($d_L$) and upper ($d_U$) bounds from these tabulated
values. The tables are carefully organized to facilitate the rapid and accurate identification of the
necessary decision thresholds across a broad spectrum of potential regression model
configurations.
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a=.05

k=1 k=2 k=3 k=4 k=5

dL du dL du dL du dL du dL du

0.61 1.4

0.7 1.36 0.47 1.9

0.76 1.33 0.56 1.78 0.37 2.29

0.82 1.32 0.63 1.7 0.46 2.13 0.3 2.59

0.88 1.32 0.7 1.64 0.53 2.02 0.38 2.41 0.24 2.82

0.93 1.32 0.66 1.0 0.6 1.93 0.44 2.28 0.32 2.85

0.97 1.33 0.81 1.58 0.66 1.86 0.51 2.18 0.38 2.51

1.01 1.34 0.86 1.56 0.72 1.82 0.57 2.09 0.45 2.39

1.05 1.35 0.91 1.55 0.77 1.78 0.63 2.03 0.51 2.3

GIR|R|R|E|E|e|w|~|=>

1.08 1.36 0.95 1.54 0.82 1.75 0.69 1.97 0.56 2.21

16 1.1 1.37 0.98 1.54 0.86 1.73 0.74 1.93 0.62 2.15

17 1.13 1.38 1.02 1.54 0.9 1.71 0.78 1.9 0.67 2.1

18 1.16 1.39 1.05 1.53 0.93 1.69 0.92 1.87 0.71 2.06

19 1.18 1.4 1.08 1.53 0.97 1.68 0.86 1.85 0.7 2.02

1.2 1.41 1.1 1.54 1 1.68 0.9 1.83 0.79 1.99

21 1.22 1.42 1.13 1.54 1.03 1.67 0.93 1.81 0.83 1.96

22 1.24 1.43 1.15 1.54 1.05 1.66 0.96 1.8 0.96 1.54
23 1.26 1.44 1.17 1.54 1.08 1.66 0.99 1.79 0.9 1.92
24 1.27 1.45 1.19 1.55 1.1 1.66 1.01 1.78 0.93 1.9
25 1.29 1.45 1.21 1.55 1.12 1.66 1.04 1.77 0.95 1.89
26 1.3 1.46 1.22 1.55 1.14 1.65 1.06 1.76 0.98 1.88
27 1.32 1.47 1.24 1.56 1.16 1.65 1.08 1.76 1.01 1.86
28 1.23 1.48 1.26 1.56 1.18 1.65 1.1 1.75 1.03 1.85
29 1.34 1.48 1.27 1.56 1.2 1.65 1.12 1.74 1.05 1.54
30 1.35 1.49 1.28 1.57 1.21 1.65 1.14 1.74 1.07 1.83
31 1.36 1.5 1.3 1.57 1.23 1.65 1.16 1.74 1.09 1.83
32 1.37 1.5 1.31 1.57 1.24 1.65 1.18 1.73 1.11 1.82
33 1.38 1.51 1.32 1.58 1.26 1.65 1.19 1.73 1.13 1.81
34 1.29 1.51 1.23 1.58 1.27 1.65 1.21 1.73 1.15 1.81
35 1.4 1.52 1.34 1.58 1.28 1.65 1.22 1.73 1.16 1.8
36 1.41 1.52 1.35 1.59 1.29 1.65 1.24 1.73 1.18 1.8
37 1.42 1.53 1.36 1.59 1.31 1.66 1.25 1.72 1.19 1.8
38 1.43 1.54 1.37 1.59 1.32 1.66 1.26 1.72 1.21 1.79
39 1.43 1.54 1.38 1.0 1.33 1.66 1.27 1.72 1.22 1.79
40 1.44 1.54 1.29 1.6 1.24 1.66 1.29 1.72 1.23 1.79
45 148 1.57 1,43 1.62 1.38 1.67 1.34 1.72 1.29 1.78
50 1.5 1.59 1.46 1.63 1.42 1.67 1.38 1.72 1.34 1.77
55 1.53 1.6 1.49 1.64 1.45 1.68 1.41 1.72 1.38 1.77
60 1.55 1.62 1.51 1.65 1.48 1.69 1.44 1.73 1.41 1.77
b5 1.57 1.63 1.54 1.66 1.5 1.7 1.47 1.73 1.44 1.77
70 1.58 1.64 1.55 1.67 1.52 1.7 1.49 1.74 1.46 1.77
75 1.6 1.65 1.57 1.68 1.54 1.71 1.51 1.74 1.43 1.77
80 1.61 1.66 1.59 1.69 1.56 1.72 1.53 1.74 1.51 1.77
a5 1.62 1.67 1.6 1.7 1.57 1.72 1.55 175 1.52 1.77
a0 1.63 1.68 1.61 1.7 1.59 1.73 1.57 1.75 1.54 1.78

1.64 1.69 1.62 1.71 1.6 1.73 1.58 175 1.56 1.78

100 | 1.65 1.69 1.63 1.72 1.61 1.74 1.59 1.76 1.57 1.78

150 | 1.72 1.75 1.71 1.76 1.69 1.77 1.68 1.79 1.66 1.8

200 | 1.76 1.78 1.75 1.79 1.74 1.8 1.73 1.81 1.72 1.82
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a=.05
k=6 k=7 k=8 k=9 k=10
n dL du dL du dL du dL du dL du
11 0.2 3.01
12 0.27 2.83 0.17 3.15
13 0.33 2.7 0.23 2.99 0.15 3.27
14 0.39 2.57 0.29 2.85 0.2 3.11 0.13 3.326
15 0.45 247 0.34 2.73 0.25 2.98 0.18 3.22 0.11 3.44
16 0.5 2.39 0.4 2.62 0.3 2.86 0.22 3.09 0.16 3.3
17 0.35 2.32 0.45 2.54 0.36 2.70 0.27 2.98 0.2 3.18
18 0.6 2.20 0.5 2.47 0.41 2.67 0.32 2.87 0.24 3.07
19 0.63 2.21 0.535 2.4 0.46 2.59 0.27 2.78 0.29 2.97
20 0.69 2.16 0.6 2.34 0.5 2.52 0.42 2.7 0.34 2.89
21 0.73 2.12 0.64 2.3 0.55 2.46 0.46 2.63 0.38 2.81
22 0.77 2.09 0.68 2.25 0.59 2.41 0.51 2.57 0.42 2.73
23 0.8 2.00 0.72 2.21 0.63 2.36 0.55 2.51 0.47 2.67
24 0.84 2.04 0.73 2.17 0.67 2.32 0.58 2.46 0.51 2.01
25 0.87 2.01 0.78 2.14 0.7 2.28 0.62 2.42 0.54 2.56
26 0.9 1.99 0.82 2.12 0.74 2.24 0.66 2.38 0.58 2.51
27 0.93 1.97 0.85 2.09 0.77 2.22 0.69 2.34 0.62 247
28 (.95 1.96 0.87 2.07 0.8 2.19 0.72 2.31 0.65 2.43
29 0.98 1.54 0.9 2.05 0.83 2.16 0.75 2.28 0.68 2.4
30 1 1.93 0.93 2.03 0.85 2.14 0.78 2.25 0.71 2.36
31 1.02 1.92 0.95 2.02 0.88 2.12 0.81 2.23 74 2.33
32 1.04 1.91 0.97 2 0.9 2.1 0.284 2.2 0.77 2.31
33 1.06 1.9 0.99 1.99 0.93 2.09 0.860 2.18 0.8 2.28
34 1.08 1.89 1.02 1.98 0.95 2.07 0.89 2.16 0.82 2.20
35 1.1 1.88 1.03 1.97 0.97 2.05 0.91 2.14 0.85 2.24
36 1.11 1.88 1.05 1.96 0.99 2.04 0.93 2.13 0.87 2.22
37 1.13 1.87 1.07 1.95 1.01 2.03 0.95 2.11 0.89 2.2
38 1.5 1.86 1.09 1.94 1.03 2.02 0.97 2.1 0.91 2.18
39 1.16 1.86 1.1 1.93 1.05 2.01 0.99 2.09 0.93 2.16
a0 1.18 1.85 1.12 1.92 1.06 2 1.01 2.07 0.95 2.15
a5 1.24 1.84 1.19 1.9 1.14 1.96 1.09 2.02 1.04 2.09
5o 1.29 1.82 1.25 1.88 1.2 1.93 1.16 1.99 1.11 2.04
55 1.33 1.81 1.29 1.86 1.25 1.91 1.21 1.96 1.17 2.01
B0 1.37 1.81 1.24 1.85 1.3 1.89 1.26 1.94 1.22 1.98
65 1.4 1.81 1.37 1.84 1.24 1.88 1.3 1.92 1.27 1.96
q0 1.43 1.8 1.4 1.84 1.37 1.87 1.34 1.91 1.31 1.95
75 1.46 1.2 1.43 1.83 1.4 1.87 1.27 1.9 1.24 1.94
80 1.48 1.2 1.45 1.83 1.43 1.86 1.4 1.89 1.37 1.93
a5 1.5 1.2 1.47 1.83 1.49 1.86 142 1.89 1.4 1.92
a0 1.52 1.8 1.49 1.83 1.47 1.85 1.45 1.88 1.42 1.91
1.54 1.8 1.51 1.83 1.49 1.85 1.46 1.88 1.44 1.9
100 [ 1.55 1.2 1.53 1.83 1.5 1.85 148 1.87 1.46 1.9
150 ( 1.85 1.82 1.64 1.83 1.62 1.85 1.6 1.826 1.59 1.88
200 ( 1.71 1.83 1.7 1.84 1.69 1.85 1.68 1.826 1.67 1.87
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Applying the Decision Rules for Hypothesis Testing

Once the Durbin-Watson statistic (d) has been precisely calculated from the regression residuals

and the critical bounds ($d_L$ and $d_U$) have been correctly ascertained from the appropriate
table, the crucial final step involves applying the established decision rules. The primary test is
typically focused on detecting positive autocorrelation and is based on a one-sided hypothesis
test. The null hypothesis ($H_0$) asserts that there is no positive autocorrelation (i.e., $rho le 03),

where $rho$ denotes the population first-order autocorrelation coefficient. The alternative
hypothesis ($H_A$) maintains that positive autocorrelation is present (i.e., $rho > 03$).

The decision process requires comparing the calculated 'd' statistic against the bounds $d_L$ and
$d_US$, which effectively partition the statistic's total range into five definitive regions. The results
are interpreted as follows:

Strong Evidence of Positive Autocorrelation: If the calculated statistic $d$ is less than the lower
bound ($d < d_L$), the null hypothesis ($H_0$) is definitively rejected. This outcome provides
strong statistical evidence that the residuals are positively correlated, signaling a serious model
specification error that necessitates corrective action.

Inconclusive Region (Positive): If the statistic falls between the bounds ($d_L le d le d_U$), the
test is considered inconclusive. Within this indeterminate zone, the researcher lacks sufficient
statistical power to either definitively reject $H_0$ or confirm its acceptance. In such cases,
researchers may attempt to increase the sample size, utilize more powerful alternative tests, or rely
on substantive prior knowledge of the data generating process to make a judicious judgment.

No Positive Autocorrelation: If the calculated statistic $d$ is greater than the upper bound ($d >
d_U$), the null hypothesis of no positive autocorrelation is not rejected. In this favorable scenario,
the model errors are deemed sufficiently independent for standard OLS inference to proceed
without requiring correction for serial correlation.

Strong Evidence of Negative Autocorrelation: Although the test is primarily designed for
positive correlation, negative correlation is tested using the statistic mirrored around the mean of 2,
which is $4-d$. If $d$ is greater than $4 - d_L$, we reject the hypothesis of no negative
autocorrelation. This result strongly suggests that the residuals exhibit an alternating pattern in
their signs.

Inconclusive Region (Negative): If $4 - d_U le d le 4 - d_L$, the statistical evidence regarding
negative autocorrelation remains inconclusive.

It is important to emphasize that if the calculated 'd' value lands precisely or very close to 2, the
statistic confirms the ideal scenario where the errors are random and statistically independent.
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Nevertheless, given the inherent risk of specification errors in most econometric models,
encountering the inconclusive region is quite common, particularly when dealing with smaller
sample sizes. Researchers facing inconclusive results should consider performing alternative
diagnostic tests or meticulously examining residual plots for visual patterns that could reveal the
underlying nature of the correlation. The fundamental conclusion remains: falling into the rejection
regions for either positive or negative serial correlation signals a critical failure of the independence
assumption, thereby invalidating standard OLS assumptions regarding the variance of the
coefficient estimates.

Addressing Limitations and Advanced Testing Methods

While the Durbin-Watson Test remains a foundational and widely used methodology for detecting

first-order autocorrelation, it does possess notable limitations, particularly in the context of
advanced modern econometric modeling. The most significant constraint is that the test is
designed only to reliably detect first-order autocorrelation (the correlation between $e_t$ and
$e_{t-1}9). It is generally ineffective at identifying higher-order serial correlation, such as correlation
between $e_t$ and $e_{t-2}$, which is frequently encountered in seasonal or cyclical data
patterns. Furthermore, the test becomes statistically invalid if the regression model incorporates a
lagged dependent variable (e.g., $Y_{t-1}$) as one of the independent predictors. The inclusion of
such a variable systemically biases the 'd' statistic toward the center value of 2, thus masking true
autocorrelation and leading to false non-rejection of the null hypothesis.

For situations involving potential higher-order autocorrelation or models that necessitate the
inclusion of lagged dependent variables, more sophisticated techniques are required. The
Breusch-Godfrey (BG) Test is recognized as a more robust and flexible alternative. The BG test

operates asymptotically (making it highly suitable for large samples) and possesses the critical
ability to test for autocorrelation up to any specified order (p). Crucially, it remains statistically valid
even when lagged dependent variables are included in the model specification. Similarly, the
Ljiung-Box Q-statistic is widely applied in pure time-series modeling (such as ARIMA models) to

test for overall residual autocorrelation across multiple lags simultaneously. These advanced
alternatives often provide direct p-values, which eliminates the need for consulting complex critical
value tables and navigating the ambiguities of the inconclusive regions.

Despite these known limitations, the Durbin-Watson test maintains its high value as a
straightforward, easily calculated initial diagnostic tool, especially since standard statistical
software packages automatically compute the 'd' statistic. Its continued relevance is inextricably
linked to its effectiveness in rapidly identifying the most common form of serial correlation--the first-
order dependence that characterizes many economic and financial time series. By diligently
combining the calculated statistic with the critical values provided in the tables above, analysts can
quickly and effectively assess the fundamental validity of their OLS assumptions regarding error
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independence, thereby paving the path for more rigorous and reliable statistical inference.
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