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Writing good learning materials is hard.
Oftentimes written by experts who don’t know where novices will get confused.
Hard to quickly tell how confusing a text is likely to be.
What if we had data that shows where students are confused?

Could we learn characteristics about what makes text confusing and use
it to predict confusing sections of textbooks?



e We use data from NB - a PDF
annotation software used by
100’s of classes

* NB lets students highlight
parts of text and leave
comments for discussion

* Here we focus on comments
that express confusion
(determined using heuristics
such as presence of “?")

Example NB comment:

“So in figure 22.3 a top layer tape is pulled from a
bottom layer tape that is flat on a table. In 22.5 the top
layer is pulled off from the bottom layer while hanging
on an edge. What is it exactly that the table does that
gives it a different outcome than if the two pieces of
tape were hanging? This parts just confusing me”

CHAPTER 22 LULCTIRC INTEAACTIONS

fecencity is 2 famdiar term—outhens, batterses, light

belbs, compuners all lawolve electricity. B is 20 un.

derstasement to say that modern Me depends on
clectricty, dut whae exactdy 5 clectracny? We all know what
clectricty docs, but ifs not that casy 10 explan what elec
tricity &,

Electricity manificsts itself in many wayx: from the sparks
that Sy when you scuff vour Soct across a carpet oa a Jry
winter day %o the chctrikity we s in our homes to the
transazision of radio and televisson programa. Fven the o
traction betwoen msagaets has to do with electricitg Ia tha
chapees, we begia our trestment of clectricity with 3 discss-
woa of wanic dectricy.

22.1 Static electricity

When you tear off some plastic wrap from £s roll, the wrap
Is attracted % aaything that gets close: your hand, the coun-
tertop, a dish. This interaction between the plastic wrap and
other obyects doesa’t have % iavolve any physical contact
For example, you can fodd the prosence of a piece of frodly
tors-off platic wrap with your choek or the back of your
hand even when your face or haad & Beld wome divance
away from the piece. You may have caperseaced ssasy wmi-
lar sateractions: Styrofoam peanuls are atracied % your
2z whea you unpack 2 dox full of Bem (Figure 221).

1adie (just be sure the table is mot metal). Notice how the e
& ameacted 10 anything deought neasbyy It ssight eves mle
SOMNE Pracuce 10 prevent the wpe from curbag op aad stick
i2g to the underside of the table or to your hand. Being a few
objects near the suspeaded tape and notice the atzractive in
teraction between them.” Go ahead —coxperiment’

.atw.mpum of trazapace=t tape
£rom the odge of your dedk. (&) What happems whez you hold
Damery mear the tape® Dows & matter whether you point the -
side o the  side of the battery toward the tpe? Does & spest
Samcry yickd o differert sovelk? Doy & wooden obiect vidd ad !
Sevent resclt? (5) What huppens whes you hold 3 strip of fresbly
pelied tape mear the power cord of a lazp? Does 2 muke a-y
Sfrence if the lazp s oz or o

Running & comb through your hair oo 2 dry day causes B

comb %0 agract your hair After rubbing 2 balloon againg 2

woolen sweater, you can hold the balloca dose to e wall and  pend

see the attraction as the balloca moves toward the wall In all
these mstances, the mass of the objects is 100 small foe the in-
teractions 1o be gravitational Whae. then, is this isteraction?
You may scver have thought of these interactions as be-
ing particslarly strong, bet comadder thix ¥ you red 2 comb
throegh your har and Sien puss the comsb over somse sanall Nty
of paner, the bits of paper jusp o o your coend aad dtick ©
it Ia ofher woeds, the bits of paper accelerate spwasd, whic.
mexas the faece exerned by your comd o them myat be greater
thas the gravitational foece exvened oa them by Eanth!
Now try this Quuckly pail 2 20-cm strip of
tape” out of 2 dispenser and suspend & from e odge of 2

Figure 22.1 Syrotecss peancas ding 19 10 cafs for becaow of €3
OOUTIREN

Gm Sespend 2 frehly pelled wrip of transpannt tape
[reen the odge of your desh. (2) Pall 2 secvad srp of lape out
of the dapemser and bold it scar the fint sep. What do you
zotice? (b)) Docs & matier whick sides of the strips you eciet
soward each ofhert

As Checkpoint 222 makes cleas, sot all electric inter
actioas are attractive. Evea ¥ you incresse the mass of the
sxips by suspending paper dips from them, the repulsion
tetwoen the strps Us great enough w0 keep the paper clips
apart (Figure 22.2). Now place your hand between two re-
poiling stzips and netice Bow both stnps fly towasd you-
hand! Then run each strip of tape several Smes between
your Sagen aad notice how the dectric imteraction dimin-

Bhes or even disappean

& 22 superd two Lol palod 20 Con st gm of Lasspurest
Lpe froce e odige of your dosk. Cut two 20 o= stripn of papes
malking cack = the sacze width o the tape, and iovertigaic the
Skractoos detween the paper wtzps and the tape by briagsg
Dem rar each other, Which of the followiag comblratons ds
Py an chectris IReracTion paper Papet. tape paper. tape tape?

“For Dexz resclnn, s the vpe called “mag” tpe

¥ wou Bad somcang Bt apoh Bie LUpe. wipe B ovaee sarface of Be
Obgact W voor Bang and we £ 2ol nepes 2 ocaat Mycted!
Flang oo Well soon Be dvie e frsodve vout Cuesinen




Data Cleaning

We pick 10 chapters from an introductory Physics
textbook used in several classes.

Each chapter has been annotated by 3 or 4
sections

We split text into paragraphs and annotate them as
confusing if 3/4 sections had a confusing comment.

In total: 929 paragraphs, 596 not confusing



Example Paragraphs from
the Same Page

Confusing

A discharged tape strip interacts in the same way as objects that carry no charge. Such
objects are said to be electrically neutral. They do not interact electrically with other
neutral objects, but they do interact electrically with charged objects. We shall examine
this surprising fact in more detail in Section 22.4.

Not Confusing

Where does the electrical charge on a charged tape strip come from? Is charge created
when two strips are pulled apart as in Figure 22.37 This is something we can check by
sticking two strips of tape together, rubbing with our fingers to remove all charge from the
combination, and then quickly separating the two strips (Figure 22.5).

We also have data about the book and each page: figures and tables on
the page, bolded text (summaries, definitions), position of paragraph.



Features

Unigrams, bigrams

Type of paragraph: num summaries, definitions, part of a list

Page structure: page num, num figures on the page

Length: num sentences, avg length of sentence

Technical: num equations, num variables, num numbers, num values

Vocabulary: first occurrence of vocab word, max num pages since
last occurrence of vocab word

LIWC.: affect, discrepancy, cognitive processes, tentative
Part of speech: adjectives, numerals, nouns

Non-vocab words: first occurrence of non-common non-vocab words



Results (avg over 10-fold cross validation)

Acc Prec Recall F1

Random (stratified): 54 36 .36 .30
All Not Confusing: 64 0 0 0
Jnigram (SVM): 49 30 .29 29
Jnigram tf-idf (SVM): 47 26 .22 22
Jnigram (MaxEnt): 50 31 .27 27
Jnigram tf-idf (MaxEnt) D3 14 .07 .08
Jnigram Nalve Bayes: 49 31 .33 .28
Jnigram NB tf-idf: 01 05 .03 .04
Ling Model (SVM); 70 64 42 49
Ling Model (RF): /0 66 .41 49

Ling Model (MaxEnt): g3 .71 .51 Y



Results by Feature Group

(Best MaxEnt model, avg over 10-fold cross
validation)

Acc Prec Recall F1

Paragraph content: /0 .71 .30 42
Page Structure: 69 62 .50 D3
IWC: 65 71 .05 .09
Vocab words: b6 .68 .13 21

Text length: 04 51 .06 11



Discussion

« Bag-of-words models don't perform well, perhaps because they take too much of
the topical content into account

What kinds of texts are confusing?
o Shorter paragraphs but longer sentences and longer words

e | ess numbers, variables, and equations, but more adjectives and use of words
with affect, tentativeness, discrepancy

« Earlier paragraphs in the chapter, less figures on the page

* Introducing new vocab, summarizations, more pages between last occurrence of
vocab word

* Introducing new uncommon terms without signposting them

* Using more common but potentially imprecise domain-specific terminology



Future Work

Predict pairs of confusing/not-confusing passages on
the same page or within a page of each other.

Non-binary methods such as regression or multi-class
classification to get at degree or ranking of confusion.

Classity passages into types — example, explanation,
claim, introduction, summary. How does their ratio or
sequence affect confusion? What differentiates
confusion within the types?

Can we use the thread discussion data to then provide
suggestions to authors”



