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Background (see previous talk)

Critical Online Reasoning1

Critical thinking wrt. online information:
(i) online information acquisition

(ii) critical information evaluation
(iii) reasoning based on evidence, argumentation, and synthesis

Online study: e-bike and health (German, browser logged)
Participants: Graduates/young professionals in medicine, law, and teaching
(domains)

1D. Molerov et al. (2020). “Assessing University Students’ Critical Online Reasoning Ability: A
Conceptual and Assessment Framework With Preliminary Evidence”. In: Front. Educ. 5, 577843.
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Text Analysis

Questions

1. domain difference in search behavior?
2. domain difference among consulted websites?

@1: search terms and types of consulted websites
@2: text-technological classification of websites (text features)
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@1: Search Venn diagram

green = teaching,
red = law,
purple = med.

mutual
search term
overlap

� Observe the
large
proportion
of domain-
specific
search
terms
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@1: Search term examples (selection)

Shared
förderung (aid)
studie (study
gesundheit
(health)
e-bike
(various
spellings)
gesundheits-
fördernd (health
enhancing)
google
health

Only Medicine
adhärenz
(adherence)
einfluss
(influence)
wikipedia
pulitzer
pubmed
guardian
quarks.de
kosten (cost)
jmir
. . .

Only Teacher
gewerblich
(commercial)
contra
kaufen (buy)
mhh (med.
univ.)
nutrition
activity
medien (media)
testberichte
(test reports)
ranking
. . .

Only Law
ärzteblatt [!]
staatsexamen
(state examin.)
obesity
(“fatness”)
gesundheits-
minsterium
(health ministry)
bias
daily
empfehlung
(recommend.)
. . .4 18



From search to visit

shared search terms pretty directly reflect the task
other ones draw on common ground develop in the domains, but also show
individual background knowledge
different search terms lead to different results and hence visited websites, but
which ones?
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@2: Website classification: 2 schemes

Mainz (prev. talk): type and reliability
2 raters
kappa = 0.76,
Krippendorff’s alpha = 0.759

0.6 < α ≤ 0.8 substantial
agreement
α > 0.8 near-perfect agreement

Wiki-based
1. Wikidata classification

(usually manyfold)
2. Wikipedia (“X is a(n) . . . ”)
3. free web search (“X is a(n) . . . ”)

� our focus today!

examples: search engine, online shop,
university medical database, television
program, business magazin, open-acess
journal, blog, portal, daily newspaper,
scientific journal, online dictionary, trade
magazin, private supplementary health
insurance, manufacturer of fast e-bikes, . . .
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@2: Search spaces and paths

color: type of website (Google is yellow), size: duration of visit, edge: link path

teacher trainee medicine law
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Two patterns

Of course, a search engine is the center of an online search.

But two retrieval patterns become visible across domains:
follow hyperlinks
strictly toggle between search engine and retrieved websites

8 18



Individual examples teacher trainee
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Individual examples medicine
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Individual examples law
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@2: Features

Main question: do the websites differ in terms of text characteristics?

A profile for each text/website is generated from a set of features.

General features
Lexical features
Syntactic features
Lexical features (HTML)
Syntactic features (HTML)
Lexical cohesion features

> 300 features in total

concrete features: count features (we see a more
abstract one below)

E-Bike-Fahrer verbessern ihre Ausdauer in 5 Monaten .
noun verb det noun prep num noun punct

root

sb

oa

nk

mo

nk

nk
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@2: Text separability and separability force of features

text similarity

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

12
1

12
2

12
3

12
4

12
5

12
6

12
7

12
8

12
9

13
0

13
1

13
2

13
3

13
4

13
5

13
6

13
7

13
8

13
9

14
0

14
1

14
2

14
3

14
4

14
5

14
6

14
7

14
8

14
9

15
0

15
1

15
2

15
3

15
4

15
5

15
6

15
7

15
8

15
9

16
0

16
1

16
2

16
3

16
4

16
5

16
6

16
7

16
8

16
9

17
0

17
1

17
2

17
3

17
4

17
5

17
6

17
7

17
8

17
9

18
0

18
1

18
2

18
3

18
4

18
5

18
6

18
7

18
8

18
9

19
0

19
1

19
2

19
3

19
4

19
5

19
6

19
7

19
8

19
9

20
0

20
1

20
2

20
3

20
4

20
5

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

feature similarity (green square: HTML)
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lnHTMLblockquote (lnHTMLblockquote)
lnHTMLmn (lnHTMLmn)
lnHTMLcaption (lnHTMLcaption)
lnHTMLarea (lnHTMLarea)
lnHTMLmsub (lnHTMLmsub)
lnHTMLmstyle (lnHTMLmstyle)
lnHTMLannotation (lnHTMLannotation)
lnHTMLsemantics (lnHTMLsemantics)
lnHTMLmath (lnHTMLmath)
lnHTMLcode (lnHTMLcode)
lnHTMLhr (lnHTMLhr)
pHTMLa (pHTMLa)
pHTMLspan (pHTMLspan)
pHTMLli (pHTMLli)
pHTMLsup (pHTMLsup)
pHTMLi (pHTMLi)
pHTMLb (pHTMLb)
pHTMLtd (pHTMLtd)
pHTMLdiv (pHTMLdiv)
pHTMLlink (pHTMLlink)
pHTMLtr (pHTMLtr)
pHTMLcite (pHTMLcite)
pHTMLp (pHTMLp)
pHTMLth (pHTMLth)
pHTMLul (pHTMLul)
pHTMLimg (pHTMLimg)
pHTMLbr (pHTMLbr)
pHTMLtable (pHTMLtable)
pHTMLh2 (pHTMLh2)
pHTMLh3 (pHTMLh3)
pHTMLh4 (pHTMLh4)
pHTMLh5 (pHTMLh5)
pHTMLh6 (pHTMLh6)
pHTMLsmall (pHTMLsmall)
pHTMLstyle (pHTMLstyle)
pHTMLdd (pHTMLdd)
pHTMLmrow (pHTMLmrow)
pHTMLmi (pHTMLmi)
pHTMLmo (pHTMLmo)
pHTMLmark (pHTMLmark)
pHTMLdl (pHTMLdl)
pHTMLdt (pHTMLdt)
pHTMLol (pHTMLol)
pHTMLsub (pHTMLsub)
pHTMLq (pHTMLq)
pHTMLlabel (pHTMLlabel)
pHTMLinput (pHTMLinput)
pHTMLblockquote (pHTMLblockquote)
pHTMLmn (pHTMLmn)
pHTMLcaption (pHTMLcaption)
pHTMLarea (pHTMLarea)
pHTMLmsub (pHTMLmsub)
pHTMLmstyle (pHTMLmstyle)
pHTMLannotation (pHTMLannotation)
HTMLccmu (HTMLccmu)
HTMLccH (HTMLccH)
HTMLbcmu (HTMLbcmu)
HTMLbcH (HTMLbcH)
HTMLprmu (HTMLprmu)
HTMLprH (HTMLprH)
f1 (f1)
f2 (f2)
f3 (f3)
f4 (f4)
f6 (f6)
f7 (f7)
f9 (f9)
f10 (f10)
f15 (f15)
f16 (f16)
f17 (f17)
f18 (f18)
f27 (f27)
f28 (f28)
f29 (f29)
f30 (f30)
f31 (f31)
f32 (f32)
f33 (f33)
f34 (f34)
f43 (f43)
f44 (f44)
f45 (f45)
f46 (f46)
f47 (f47)
f48 (f48)
btHa (btHa)
btlHa (btlHa)
btH (btH)
btlH (btlH)
btsH (btsH)
btlsH (btlsH)
bth (bth)
btdfa (btdfa)
btrac (btrac)
btradc (btradc)
btac1 (btac1)
btac2 (btac2)
btac3 (btac3)
btac4 (btac4)
btac5 (btac5)
btac6 (btac6)
btac7 (btac7)
btac8 (btac8)
btac9 (btac9)
btac10 (btac10)
btadc1 (btadc1)
btadc2 (btadc2)
btadc3 (btadc3)
btadc4 (btadc4)
btadc5 (btadc5)
btadc6 (btadc6)
btadc7 (btadc7)
btadc8 (btadc8)
btadc9 (btadc9)
bstsim (bstsim)
bsesim (bsesim)
bslH (bslH)
bsrac (bsrac)
bsradc (bsradc)
bsac1 (bsac1)
bsac2 (bsac2)
bsadc1 (bsadc1)

13 18



@2: Non-parametric ANOVA: Kruskal-Wallis H-test

The websites which are visited only by a single domain can indeed be separated by
a number of features. The top ones include:
teacher vs. med (93 feat p ≤ 0.05)

f34 POS 0.00000002
lmu syn. 0.00000005
lG syn. 0.00000018
bsesim cohs. 0.00000063
lnHTMLbr HTML 0.00000169
bcmu syn. 0.00000218

law vs. teacher (57 feat p ≤ 0.05)
G STO 0.000391
ttr STO 0.00166
f9 STO 0.00182
h STO 0.00361
btgest cohs. 0.00383

law vs. med
(108 feat p ≤ 0.05)

lnHTMLbr HTML 0.00000092
bsesim cohs 0.00000096
Lmu syn. 0.00000155
f34 POS 0.00000161
cG syn. 0.00000321
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@2: Feature classes

among the best separating kinds of features are
Statistical text organization (STO; e.g. freqs., type–token ratio, entropy, . . . )
cohesion (BERT-based, see below)
syntax (dependency-related)
HTML

2
2J. Devlin et al. (2019). “BERT: Pre-training of Deep Bidirectional Transformers for Language

Understanding”. In: Proceedings of NACL, pp. 4171–4186.
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@2: Distance from intersection

Do the domains differ wrt. to the similarity of the websites visited exclusively to
those visited by all?

(Note that negative distance correlations are due to Gaussian smoothing)
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Conclusion

Q: critical online reasoning: domain-specific or general?
domain differences in search behavior
domain differences in quantitative linguistics profiles of consulted websites

� new computational linguistics method for assessing text characteristics in
educational contexts

� follow-ups: correlate text characteristics and
▶ task success / polarity
▶ website credibility
▶ domain prediction / website recommendation
▶ . . .
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List of features

G, ttr, f9, h, btgest, f15, bcH, ccH, depH, LH, cH, imbH, WH, UG, SPEH, LDEH, hl, lnHTMLsup, lmbd, f3, lnHTMLq, f1, R1, HTMLccmu, HTMLbcmu, btgclmu,
lnHTMLol, btsimH, A, HTMLprmu, HTMLprH, HTMLccH, SPEG, lnnpd, npd, lnHTMLb, lnHTMLh6, preppd, lnHTMLblockquote, lnHTMLstyle, bt_first_lsH,
bt_min_lsH, bt_max_lsH, btlsH, bt_mean_lsH, bt_prod_lsH, btgrc, lnHTMLh2, cG, bsest, bsclmu, RRR, bt_max_Ha, f2, bsccmu, bt_mean_Ha, lnHTMLp,
lnHTMLmsub, lnHTMLmath, lnHTMLcaption, lnHTMLannotation, lnHTMLdl, lnHTMLmo, lnHTMLmrow, bscsdet, bt_min_Ha, bt_first_Ha, ppd, bt_prod_Ha,
lnHTMLsub, btglclr, f16, btHa, lnHTMLspan, LDEmu, adjpd, lnadjpd, vpd, apd, btglclH, NDW, SPEmu, f31, f10, L, lnHTMLdt, btsH, LDEG, bcG, WG, btrac,
lnHTMLbr, f4, alpha, lnHTMLh5, TCImu, VD, bt_prod_sH, lnHTMLsmall, TCIG, lnHTMLtr, btgass, Lmu, btdet, lnHTMLdiv, lnHTMLh4, advpd, ATL, bt_first_sH,
bt_min_sH, f88, Q, MDDmu, lnHTMLmn, lnHTMLdd, lnHTMLmi, lnHTMLmark, LG, f27, f7, ccG, imbG, Wmu, f17, bt_max_rac, dpd, bt_mean_sH, cmu,
bt_max_sH, ipd, lnHTMLarea, lnHTMLmstyle, lnHTMLsemantics, lnHTMLcode, bt_max_adc8, bt_prod_adc7, bt_first_adc3, bt_min_adc7, f35, f29, HTMLbcH,
bt_prod_ac7, bt_mean_rac, bt_min_ac7, bt_first_ac3, bt_first_adc8, bt_prod_dfa, bt_min_h, bt_min_dfa, MDDG, bt_prod_adc3, bt_mean_lH, bt_min_lH,
bt_prod_lH, bt_first_lH, btlH, bt_max_lH, bt_first_adc4, bt_max_ac8, f30, bt_max_ac1, bt_mean_dfa, bt_prod_adc4, lnHTMLlabel, bssimH, bt_min_adc3,
lH, f37, f28, lnHTMLul, bt_mean_ac3, bt_first_dfa, bt_min_adc4, bt_mean_adc4, bt_mean_adc3, bt_first_adc7, bt_first_ac7, bsesim, bt_min_ac3,
bt_prod_ac3, bt_first_ac8, bt_mean_adc6, bt_mean_adc8, bt_max_adc4, f6, f18, bt_max_adc1, H, btac7, bt_min_adc8, bt_prod_ac4, wH, btac6,
bt_max_ac10, bt_first_ac4, f41, f32, ASL, tc, bt_max_adc7, pHTMLdl, lnHTMLhr, pHTMLstyle, pHTMLmo, pHTMLh4, pHTMLq, pHTMLinput, pHTMLmn,
pHTMLarea, pHTMLmstyle, pHTMLol, pHTMLmrow, pHTMLdiv, pHTMLsup, pHTMLp, pHTMLspan, pHTMLh6, pHTMLb, pHTMLbr, pHTMLtr, pHTMLul, pHTMLh2,
btadc7, bt_min_ac4, btadc6, bt_min_adc6, btradc, bt_max_dfa, bt_max_h, wmu, bt_mean_ac6, bt_max_radc, bt_prod_H, bt_min_ac10, bt_min_ac6,
bt_max_adc6, bt_prod_adc6, bt_first_ac10, bt_prod_adc8, bcmu, f33, f39, bt_prod_lHa, btlHa, bt_first_lHa, bt_mean_lHa, bt_min_lHa, bt_max_lHa,
btadc4, bssimmu, bt_prod_ac10, stc, bt_first_adc6, bt_min_radc, btac10, btac4, lnHTMLh3, bt_first_ac6, bt_first_adc9, bt_first_radc, bt_mean_adc5,
bt_mean_ac4, bt_max_ac6, bt_mean_ac8, btadc5, bt_mean_adc7, bt_min_ac8, btac9, bt_prod_radc, btadc8, bt_max_ac4, bt_mean_ac10, depmu,
bt_min_H, bt_prod_ac6, bt_max_H, bsd, bt_mean_radc, bt_first_rac, lG, bt_mean_ac1, bt_prod_ac8, btac5, btac3, bt_min_adc5, bt_max_adc2, btac1,
bt_max_ac3, ccmu, bstsim, bt_max_adc3, btac8, bt_prod_adc5, bt_max_ac7, bt_mean_ac7, bt_mean_adc1, bt_max_ac2, bt_first_H, bt_first_adc5, btadc9,
bt_min_ac2, bsccH, charH, bt_prod_ac2, bt_max_adc5, bt_first_ac9, bt_prod_adc2, bth, btadc1, imbmu, bt_max_adc9, bt_min_adc2, lmu, TCIH, btdfa,
bt_first_h, bt_min_ac5, bt_min_adc9, bt_mean_adc9, bt_prod_ac5, bt_mean_h, bt_prod_h, pHTMLli, pHTMLblockquote, pHTMLcaption, pHTMLmark,
pHTMLsub, pHTMLmi, pHTMLdd, pHTMLh5, pHTMLh3, pHTMLlabel, pHTMLsmall, pHTMLimg, pHTMLdt, pHTMLth, pHTMLtable, pHTMLmsub, pHTMLi,
pHTMLannotation, pHTMLa, pHTMLcite, pHTMLlink, pHTMLtd, bt_min_ac1, btadc3, lnHTMLinput, bt_mean_ac5, bt_prod_ac1, bt_prod_adc9, bt_min_adc1,
btH, bt_max_ac5, btac2, bt_prod_adc1, MDDH, bt_min_ac9, bt_min_rac, bt_first_ac2, bt_mean_adc2, bt_first_adc2, bt_mean_H, bt_first_ac5, RR,
bt_first_ac1, btgd, wG, btadc2, bt_prod_ac9, bt_max_ac9, bt_prod_rac, depG, bt_mean_ac2, f34, bt_mean_ac9, bt_first_adc1
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