Analyzing Quantitative Data



Analysis is about QUESTIONS

* Does physical vs soft keyboard, known vs
unknown language affect typing speed or
error rate?

* Hypotheses?
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"Q-‘ Repeated Measures: Options

Estimated Marginal Means
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[« Compare main effects

Confidence interval adjustment:
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~| Transformation matix
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| Spread vs. level plot
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| Lack of fit

| General estimahle function

Significance level: Confidence intervals are 95.0 %
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Results

Tests of Within-Subjects Effects

Multivariate"

Partial Eta

Within Subjects Effect Yalue F Hypothesis df Errar df Sig. Squared
Keyhoard Fillai's Trace 740 12.839° 2.000 5.000 002 740
Wilks' Lambda 260 12.839° 2.000 §.000 .00z 740
Hotelling's Trace 2.853 12.839° 2.000 5.000 .00z 740
Foy's Largest Root 2.853 12.839° 2.000 5.000 .00z 740
Language Pillai's Trace 826 | 56.436° 2.000 5.000 .0oo G826
Wilks' Lambda 074 FG6.436° 2.000 5.000 000 26
Hotelling's Trace 12541 5G6.436° 2.000 5.000 000 926
Foy's Largest Root 1254 E6.436° 2.000 9.000 .000 26
keyboard * Language  Pillai's Trace 343 2.353° 2.000 5.000 181 343
Wilks' Lambda GAT 2.353° 2.000 §.000 61 343
Hotelling's Trace A23 2.353"° 2.000 5.000 A61 343
Roy's Largest Root A23 2.353° 2.000 5.000 51 343

a. Design: Intercept

Within Subjects Design: Keyboard + Language + Keyhoard * Language

b. Tests are based on averaged variables.

. Exact statistic




Univariate Tests

Type lll Sum Partial Eta
Source Measure of Squares df Mean Square F Sig. Sguared
Keyhoard WPEM  Sphericity Assumed 6046583 1 G046.583 28.093 000 T
Greenhouse-Geisser 6046.583 1.000 G046.583 28.083 .0oo T
Huynh-F eldt G046.583 1.000 G046.583 28.093 .00a Tar
Lower-bound G046.583 1.000 G046.583 28.093 .00a Tar
Error  Sphericity Assumed N.TT73 1 NTT3 1.0 334 093
Greenhouse-Geisser NTT3 1.000 MN.TT3 1.031 334 093
Huynh-F eldt 31773 1.000 MN.TT3 1.031 334 083
Lower-bound 3773 1.000 M.TT3 1.031 334 0493
Errar(Keyhoard) WPM  Sphericity Assumed 2152.357 10 215.236
Greenhouse-Geisser 2152.357 10.000 215.236
Huynh-F eldt 2162357 10.000 216236
Lower-bound 2152357 10.000 215.236
Error  Sphericity Assumed 308.302 10 30.830
Greenhouse-Geisser 308.302 10.000 30.830
Huynh-Feldt 308.302 10.000 30.830
Lower-bound 308.302 10.000 30.830
Language WEM  Sphericity Assumed 1586.023 1 1596.023 108.575 .oon 916
Greenhouse-Geisser 15896.023 1.000 1596.023 10B.575 .0o0 916
Huynh-F eldt 1596.023 1.000 1596.023 | 108.5875 000 916
Lower-bound 1596.023 1.000 1596.023 | 108.5875 000 916
Error  Sphericity Assumed 36,309 1 36.309 3.538 084 261
Greenhouse-Geisser 36.309 1.000 36.309 3.538 .089 261
Huynh-F eldt 36.309 1.000 36.309 3.538 084 261
Lower-bound 36.309 1.000 36.308 3.538 084 261
Keyhoard * Language WEM  Sphericity Assumed 289178 1 289178 5133 047 339
Greenhouse-Geissar 289178 1.000 289178 5133 047 339
Huynh-Feldt 289178 1.000 289178 5133 047 339
Lower-bound 289178 1.000 289178 5133 047 339
Error  Sphericity Assumed 3.224 1 3224 350 RN 034
Greenhouse-Geisser 3224 1.000 3224 350 EB6T 034
Huynh-F eldt 3.224 1.000 3224 350 RN 034
Lower-bound 3.224 1.000 3224 350 RN 034




Summary Tables

Tests of Within-Subjects Contrasts

Type Il Sum Partial Eta
Source Measure Keyboard  Language of Squares df Mean Square F Sig. Squared
Keyhoard WEM Linear G046.583 1 G046.583 28.093 .0oo J37
Errar Linear MNT73 1 31773 1.031 334 093
Error{keyboard) WP Linear 2152 3457 10 215236
Errar Linear 308.302 10 30.830
Language WEM Linear 1596.023 1 1696.023 | 108.574 .0oo 916
Errar Linear 36.309 1 36.309 3.538 084 .261
ErroriLanguage) WP Linear 146.997 10 14.700
Errar Linear 102.635 10 10.263
Keyboard * Language WP Linear Linear 288178 1 289178 5133 047 3349
Errar Linear Linear 322 1 3.22 380 BBT 034
Errar VWP Linear Linear A63.322 10 56.332
(Keyboard*Language) Errar Linear Linear 92.077 10 9.208




So ... Multivariate or Univariate

* You can look at your design from a
multivariate point of view if you regard your
data not as representing realisations of one
DV in different conditions, but of (ultimately)
different DVs which are to be analysed
simultaneously.

- http://stats.stackexchange.com/questions/4530/when-to-interpret-multivariate-tests-when-performing-repeated-measures-ancova




Estimated Marginal Means

1. Grand Mean

Also gives estimates of

95% Confidence Interval
Measure Mean Std. Error | Lower Bound | Upper Bound
WPM 34.800 2.267 29.748 39.852
Errar 2718 1.001 AB6 4849 p e r O rI I l a n Ce O r e a C
2. Keyhoard .
Estimates I V
95% Confidence Interval
Measure  Keyboard Mean Stol. Error | Lower Bound | Upper Bound
WPM 1 46.523 3813 37804 55.242
2 23.077 2180 18.22 27.934
Errar 1 1.068 .Ga0 33 3.405
2 3567 1.712 - 247 7.382
Pairwise Comparisons
55% Confidence Interval for
Mean Difference
Difference (-
Measure () Keyboard  (J) Keyboard J) Std. Error 5ig.” Lower Bound | Upper Bound
WPM 1 2 23.445 4423 000 13.589 33.302
2 1 -23.445 4423 000 -33.302 -13.588
Errar 1 2 -1.700 1.674 334 -5.430 2.0
2 1 1.700 1674 334 -2.03 5430
Based on estimated marginal means
* The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Sidak.
Multivariate Tests
Partial Eta
Value F Hypothesis df Error df Sig. Squared
Pillai's trace 740 12.835° 2.000 9.000 0oz 740
Wilks' lamhbda 260 12.835° 2.000 9.000 002 740
Hotelling's trace 2.863 12.839° 2.000 9.000 .00z 740
Roy's largest root 2.853 12.839° 2.000 9.000 .002 740

Each F tests the multivariate effect of Keyhoard. These tests are hased on the linearly independent
pairwise comparisons among the estimated marginal means.

a. Exact statistic



3. Language

Estimates ° °
= Also gives estimates of
Measure  Language Mean Std. Error | Lower Bound | Upper Bound
WPM 1 40.823 2.482 35.203 46.352
2 28777 2.188 23.900 33.654
- e w2 =] performance for each
2 3.626 1.438 420 6.832 p
Pairwise Comparisons e
95% Confidence Interval for I V
Mean Difference”
Difference (J-
Measure () Language (J) Language J Std. Error Sig Lower Bound Upper Bound
WPM 1 2 12.045 1.156 .00o0 9.470 14.621
2 1 12,045 1.156 000 -14.621 -9.470
Error 1 2 -1.817 966 083 -3.969 338
2 1 1.817 966 083 -.335 3.968

Based on estimated marginal means
* The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Sidak.

Multivariate Tests
Partial Eta
Value F Hypothesis df Error df Sig. Squared
Fillai's trace 926 56.436° 2.000 9.000 000 926
Wilks'lambda 074 56.436° 2.000 9.000 .0oo 926
Hotelling's trace 12541 56.436° 2.000 9.000 .ooo 926
Roy's largest root 12.541 56.436° 2.000 9.000 .ooo 926

Each F tests the multivariate effect of Language. These tests are based on the linearly independent
pairwise comparisons among the estimated marginal means.

a. Exact statistic

4. Keyhoard * Language

95% Confidence Interval

Measure  Keyhoard  Language Mean Std. Error | Lower Bound | Upper Bound
WPM 1 1 55.109 4533 45008 65210
2 37.936 3744 29.594 46.279

2 1 26.536 3.019 19.809 33283

2 19.618 1.703 15.824 23.412

Error 1 1 1.230 752 - 446 2.806
2 25058 787 752 4.259

2 1 2388 801 381 4,395

2 4746 2.567 -972 10.465




Another Interesting Effect: Tripling
Data

Tests of Within-Subjects Effects

Multivariate"

Partial Eta

Within Subjects Effect Yalue F Hypothesis df Errar df Sig Squared
Keyhoard Fillai's Trace 740 12.839° 2.000 5.000 002 740

Wilks' Lambda 260 12.839° 2.000 §.000 .00z 740

Hotelling's Trace 2.853 12.839° 2.000 5.000 .00z 740

Foy's Largest Root 2.853 12.839° 2.000 5.000 .00z 740
Language Pillai's Trace 826 | 56.436° 2.000 5.000 .0oo G826

Wilks' Lambda 074 FG6.436° 2.000 5.000 000 26

Hotelling's Trace 12541 5G6.436° 2.000 5.000 000 926

B! (LC =Fulu cC (1O C 000 CLOLC W
keyboard * Language  Pillai's Trace

Wilks' Lambda

Hotelling's Trace

Roy's Largest Root

Within Subjects Design: Keyboard + Language + Keyhoard * Language

b. Tests are based on averaged variables.

. Exact statistic



Another Interesting Effect: Tripling
Data

Multivariate Tests®
Partial Eta
Effact Yalue F Hypothesis df | Errordf Sig. Squared
Between Subjects  Intercept Pillai's Trace 963 | 403.598" 2.000 31.000 .0oo HE63
Wilks' Lambda 037 | 403.598" 2.000 31.000 000 863
Hotelling's Trace 26.039 | 403.598" 2.000 31.000 000 863
Roy's Largest Root 26.039 | 403.598° 2.000 31.000 .0oo 863
Within Subjects Keyboard Fillai's Trace 740 44 225" 2.000 31.000 000 740
Wilks' Lambda 260 44.225% 2.000 31.000 .000 740
Hotelling's Trace 2853 44 225% 2.000 31.000 000 740
Roy's Largest Root 2.853 44 225P 2.000 31.000 000 740
Language Pillai's Trace 826 | 194.392° 2.000 | 31.000 .000 928
Wilks' Lambda 074 | 1943928 2.000 31.000 000 828
Hotelling's Trace 12.541 | 194.392° 2.000 31.000 .000 928
Keyboard* Language  Pillai's Trace
Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

Within Subjects Design: Keyboard + Language + Keyboard * Language

h. Exact statistic



Analysis is about QUESTIONS

* Does physical vs soft keyboard, known vs
unknown language affect typing speed or
error rate?

 Hypotheses?
* OTHER QUESTIONS?



Examples of other questions

 Correlation Questions

— Does physical keyboard speed correlate with soft keyboard
typing speeds?

— Does error rate correlate on physical vs soft keyboards?
* Likert/Preference/Rating Questions

— Preferences for physical vs soft keyboards?

— Perceived efficacy of soft keyboards?

— Perceived performance of soft keyboard for known vs
unknown language

* Cognitive workload questions
— NASA TLS evaluation of soft vs physical keyboards?



Data Types

Categorical

— Technical discipline, Y/N

— Gender, M/F
Ordinal

— Orderable but not equidistant values Categorical

— Likert data is a good example

* Strongly agree, agree, neutral, disagree, strongly disagree

— Education Level (high school, some university, undergrad, grad).
Interval

— Equidistant values, but values are not based upon a 0.

— Can’t really say “twice as X”.

— Evaluate the software: Hated it = -3; Loved it = 3. .
Ratio Continuous

— Speed: Twice as fast
— Years of education: 2X the years of education.
— Errors: Double the errors



Correct Test for Correct
Data/Questions

Categorical Continuous
Categorical ~ Chi Square t-test, ANOVA
Continuous LDA, QDA Regression
* Does physical vs soft keyboard, known vs

unknown language affect typing speed or
error rate?

* Does physical keyboard speed correlate with
soft keyboard typing speeds?




A Note on Likert (and Other) Ordinal
Data

* Likert Data

— Mann-Whitney U-TestThis test is used when we
obtain ordinal data in the independent
groups situation.

— Wilcoxon Signed-Ranks TestThis test is used when
we obtain ordinal data in the paired
samples situation.



Question

* Does physical vs soft correlate?



Question

* Does physical vs soft correlate?

= Correlations
[DataZets ]

Correlations

FPhysical Soft
Physical Fearson Correlation 1 215
Sig. (2-tailed) 314
g 2 2
Soft Fearson Correlation 215 1
Sig. (2-tailed) 314
M 2 24




Question

* Does physical vs soft correlate?

= Correlations

[Dataleti ]

= Correlations

Correlations Correlations
Fhysical Soft Fhysical Soft

Physical Pearson Correlation 1 215 Physical Pearson Correlation 1 -112

Sig. (2-tailed) 314 Sig. (2-tailed) Double-click

M 2 2 M 12 activate
Soft Pearson Correlation 215 1 soft Fearson Correlation -112 1

Sig. (2-tailed) A4 Sig. (2-tailed) 128

M 2 24 M 12 12




Correlations

Correlutions
l Arnaty Sfﬂapl
Arcaaty  Paarson Cormalabon 1 - 365
Slg. (2-talled) 0[35
N 33 A
Sleep  Pearson Cormelation . 365 1
Slg. (2-talled) 036
N 33 33

* Comelabion 1s signiicant at the 0 05 level (2-

tallsd)

1

v(s) = ;w

(5)-r(s)"




Mouse

Models and Correlation

Unidiractional Circular
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Analysis?

m All <. 0001
Last .56 <.0001
All 37 <.0001

Last .33 <.0001

8.35
7.73

28.23
27.11

1. 18
1.18
.39
40

m All <. 0001
Last .64 <.0001
Al 39 <.0001

Last 41 <.0001

4.17
4.53
10.6
10.3

.95
.56
.57

What about nice Fitts’s Law correlation?



Averaging

* Averaging serves a highly valuable purpose; when
curves are averaged, factors including naturally
occurring neurophysiological noise, errors
(overshoot, undershoot and target misses), and
cognitive variations such as response bias [14]
that are present in any one sample are
eliminated. What remains is the expected
performance value for a task, i.e. the average cost
given a large number of iterations. The higher the
correlation coefficient for average input time, the
more encompassing the model.
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