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Many Definitions of “Trend”

o an underlying pattern of behavior in a time series (Wikipedia)

o a pattern found in time series datasets (statistica.com)

o the general drift or tendency in a set of data (mathgoodies.com)
o a general direction of change (Merriam-Webster)

o the general movement over time of a statistically detectable change
(Merriam-Webster)
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S
Trend Analysis

...to study changes over time with survey data collected periodically

Outcome
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o Many ways to study

o) Many purposes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Period
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Presenter
Presentation Notes
using similar questionnaires, sampling, and survey administration procedures. Nonetheless, trend analysis can define “trend” differently and be performed using different tools in different research fields. Whether a statistically significant trend discovered with the weighted sample data truly indicates a trend in the population is often questionable. Furthermore, accommodating survey redesigns over time can be challenging. To review past experiences in trend analysis and better understand how trend analysis should be utilized, we will discuss methods in practice.


Review of Trend Testing Methods and
Applications Used by U.S. Federal Agencies




= Motivation

« the National Survey on Drug Use and Health (NSDUH) 2014 and 2015
partial-redesign

—— urpose

» to develop strategies and guidelines for conducting trend testing analyses for
cross-sectional surveys collected periodically

s Activities
» conducted a review of trend testing methods and application used by U.S.

federal agencies

 contacted federal personnel who graciously contributed their expertise on the
trend analysis methods used by their programs

» performed a literature review across scientific journals in different fields on
their trend testing innovations

 designed a series of simulation studies to evaluate several popular trend
testing methods

See full report for more details https://www.samhsa.qov/data/sites/default/files/INSDUH-Trend TestTask1-2015.pdf
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https://www.samhsa.gov/data/sites/default/files/NSDUH-TrendTestTask1-2015.pdf

A Time Series Graph with Pairwise Comparisons to Determine the Trend

Past Month Cigarette Use among Youths in NSDUH and MTF: 2002-2013

(Figure 8.2 in the 2013 NSDUH National Findings Report)
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MTF = Monitoring the Future;
NSDUH = National Survey on Drug Use and Health.
* Difference between this estimate and the 2013 estimate is statistically significant at the .05 level.
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Orthogonal Polynomials for Testing Linear and Quadratic Trends

- Orthogonal polynomials are equations

associated with a power of the independent Graphs of Polynomial Functions:
variable over time T (e.g., T, linear; T7, S R ‘/
quadratic; T3, cubic, etc.)
Con:;ant Fur_lct;on L(i:ear Fu_nct)ion Qua(:ratic FL_mc)tion
- Can be used in two different ways:
- t Test with Orthogonal Contrast Matrix \ /\’ / B A\ /
(Ford, 2013; Carroll, Kit, and Lacher, v V \/‘\/
20 1 5) Cubic Function Quartic Function Quintic Function
(deg.=3) (deg. = 4) (deg.=5)

- Regression with Orthogonal
Polynomials (CDC, 2016)

* Graph from: https://medium.com/@olamiotan_/regression-
analysis-a2e2ea2f3fb0
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Joinpoint Regression Model to Identify Apparent Trend Change(s)

o If the quadratic (or higher order) time
variable in the regression model is
significant, then Joinpoint Trend Analysis

Software Can be used to determine the Oral Cavity and Pharynx / White Non-Hispanic / Male: 1 Joinpoint
point(s) at which the trends change (Kim, et i — B Smowc 177
al, 2000). e —
o Available at * N
https://surveillance.cancer.gov/joinpoint/ s N
@ 42 .
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36
34
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Year of death (1992-2013 single year)

*Graph from: https://surveillance.cancer.gov/help/joinpoint/setting-parameters/advanced-
analysis-tools-tab/jump-model-comparability-ratio
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Simulation Scenarios

3 artificial scenarios over ten years

Scenario 1: population trend line is “flat”
Scenario 2: population trend line is linearly increasing

Scenario 3: population trend line has an apparent change in the middle
(“two-piece”)
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Empirical scenario:
population trend line is the
same as the cocaine use in
the past month for ages 18-
25 from the 2002-2015
NSDUH
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Simulation Conclusion 1: Type | Error Rates (False Positives)

o When the trend line is flat (scenario 1), how often is a significant trend
change detected?

- always around 4-t0-5%
- not impacted by sample size or the size of the outcome prevalence

- not affected by trend testing method

o Note: Bonferroni correction should be used to adjust the p-values for the pairwise
tests. Otherwise, the type | error rate can be very high.
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Simulation Conclusion 2: Power to Detect Trends (Example from
Scenario 3 for Detecting a Quadratic Trend)

2 100%

2 80%

2 60%

I
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©

% 0.5n n 2n
o Outcome Prevalence Rate

g Annual Sample Size

M Pairwise Comparisons
M Orthogonal Contrast (with Sig. Quadratic)
M| ogistic Regression (with Sig. Quadratic)

The simulation set the onset of change at Year 7. The annual increase of p; was set as 2% of p, before the change and annual
decrease of p; was set as 2%* p, after the change:
For example, if p, in Year 1 is 1%, we have: p,=1.02%, p5=1.04%, p,=1.06%, ps=1.08%, ps~1.10%, p,=1.12%,
ps=1.10%, py=1.08% and p,,=1.06%.
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Simulation Conclusion 2;: Power to Detect Trends

How often can a trend be detected?

Sample
. . . . . Size per
- Time series graphs with pairwise Time Point
comparisons might detect very few trends. Complexity <
0; ;;gpr? Number of
. (e.g., linear Time Points
- Regression method and orthogonal B
contrasts are recommended to test for
linear or higher-order trends. Powe r
- When prevalence rate is relatively large Size of Trend
o i i i Trend Testing
(close to 50%) and sample size is relatively Change oaing

large, Joinpoint regression analysis
performs well (with very low Type | and Effect Size

Type Il error rates). (Pr?_\:/;f)nce
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Simulation Conclusion 3: Detect the “Joinpoints” (Empirical Study)

Can the Joinpoint regression method
detect a joinpoint at the right time point?

Among the simulations where two joinpoints were
detected, a joinpoint was detected:

« at Year 2005 in over 90% of the simulations 30
« at Year 2012 in around 50% of the simulations s 25 /\
- at Year 2013 in around 25% of the simulations = , /| "= \
. DE_ D\D /I:I

when the annual sample size was set to equal the 2 1.5 \D/D\D\ o
NSDUH annual sample size for ages 18-25. T 10| aA AA e

. . B 0.5 8_9\5""\‘, °i§¢e>é:é7ﬂ<$:$¢é
These rates were higher with larger annual sample TO—c—9_ —O—0—0
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And Now for Something Completely
Different...

Some applications or data types may call for a different approach altogether.
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Example of Significant Changes in Monthly Crime Counts Within a Law Enforcement Agency

Detect the “change in
level” through cluster
analysis.

Detect outlier(s) rather
than quadratic trend first.

”§ Within each cluster, after
I removing the outlier(s),
= perform the trend analysis.
é 50-

0

- ' | ' | ' ' ' ' | ' ' | | ' | |
1116 36 516 718 916 1116 117 37 &MS &L 17 1117 118 3rieg aMe8 Tne of

Red and pink dots represent twoMsc.me“barate etected clusters;
Circled dot is a detected outlier within the first cluster.
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Nielsen Prototype Trend Analysis

1. Smooth a data series.
2. ldentify high and low points to establish trends.
3. Measure the change between trend endpoints.

4. Compare the change to other smoothed changes in the set over the same
timeframe.

This process is described in Bayer et al.(1989).
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Smooth the Series using a Kalman Filter

Outcome

= |\|leasured

3
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Period
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Smooth the Series using a Kalman Filter

e |\leasured

Outcome
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Smoother

Smoothest
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Identify Endpoints of Trends

7.00

6.00

\

3.00 e=—Trend 2

= Trend 1

Outcome

e=Trend 3

1.00

0.00

Period
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Compare Smoothed Changes for the Same Time Period

Brand P1 (at t1) Diff_Ratio= Signed Score
P2-P1 =Diff*|Diff_Ratio|
2(P2+P1)
38 42 40

A 4 10%

B 21.5 18.5 -3 -15% -45
C 7 9 2 25% 50
D 6 5 -1 -18% -18
E 3 2 -1 -40% -40

The score, an approximation of a measure from information theory, is the
product of the absolute and relative changes. (strobel 1982; Harter 1987)
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Summary

-

21

The commonly-used methods for testing trends usually have a reasonable Type |
error rate (less than 5%). When the trend line is flat in the population data, there is
over 95% chance that each method won'’t detect any significant trend.

Power to detect a trend depends on multiple factors including sample size, effect size, size
of change, and trend testing method.

The pattern of trend lines can be very complex, which will require innovative methods to
tackle (e.g., joinpoint regression analysis, clustering & outlier detection, Kalman filter).

How to interpret the trend changes? This is a separate topic. Although the purpose may be
to study “an underlying pattern of behavior in a time series,” researchers need to consider
how extraneous factors such as a study redesign or emerging data quality issue may
contribute to the detected changes.
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