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The central research question derived from the problem statement is:

*9

How to use Transfer Learning effectively and which factors cause a Negative Transfer?

To answer the central question, the following sub-questions were made:

Q1.

What is Transfer Learning?

Q2.

What is a Negative Transfer?

Q3.

Which disciplines make use of Transfer Learning?

Q4.

What does Transfer Learning mean in computer science?

Qs.

What approaches are often used in Transfer Learning?

Q6.

When is Transfer Learning most effective?

Q7.

How to avoid Negative Transfer?
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Searching on Open University Library (OUL) and Google Scholar (GS) yielded the results:

Transfer Learning 4660 1,110 | Predict Negative Transfer 14 40

Negative Transfer 2622 | 26,000 | Avoid Negative Transfer 54 445

Transfer Learning AND 227 1,520 | Transductive Transfer 58 508

Negative Transfer Learning

Transfer Learning AND 1935 | 11,000 | Negative Transfer AND 313 | 1,810

Computer Science Computer Science

Transfer Learning AND 1478 | 14,800 | Negative Transfer AND 119 | 1,110

Machine Learning Machine Learning

Transfer Learning AND Deep 393 6,250 | Negative Transfer AND Deep 11 330

Learning Learning

Class Noise 494 2,600 | Multiple Source Transfer 8 43
Learning

Class Noise Detection 14 118 | Imbalanced Distributions 787 428
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Figure 5 — An example of Negative Transfer happening: learning from the start is works better as TL.
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Figure 6 — An example of Positive Transfer happening: using earlier obtained knowledge is 30% higher.
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Hypothesis 0: Semantically related topics have a similar probability distribution, and will
have in TL no impact on PT or NT.

Related topics are defined as: transferring reviews of products that are similar to each
other, for instance: Amazon categories ‘beauty’ and ‘health and personal care’
containing products for the body and is more closely related to each other as
automotive or restaurant reviews.

Hypothesis 1: Semantically related topics have a similar probability distribution.
Therefore, chances for TL to lead a PT are likely.
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Value Description / calculation
Accuracy Measures the ‘effectiveness’ of the model and should be treated

with caution because the high accuracy in unbalanced classes is
often caused majority class.

Formula: correct predictions / total predictions * 100, percentage
of the classifier quality

Error Classification error. Opposite of the accuracy and reports the total
errors and necessary to calculate the confidence interval.
Formula: incorrect predictions / total predictions * 100, the
percentage of mistakes made by the classifier

Recall Measure of completeness of the classifier. A low recall is an
indication for probably many FN.
Formula: TP/ (TP+FN)

Precision The number of the classifiers rightness or exactness. A low
precision is an indication for probably many of FP’s.
Formula: TP / (TP+FP)

Logistic Loss The logistic loss of a classifier. The lower the number the less loss a
model creates the model.

Formula: In(1+exp(-[conf(CC)])) (where 'conf(CC)' is the confidence
of the correct class) (Rapidminer-Website, 2018)

F1 Score Contains the balance between precision and recall. The higher the
number the better the precision and recall are.
Formula: 2*((precision*recall)/(precision+recall))

Confidence For dataset validation the confidence interval is added. This is
Interval presented in a range with an upper and under limit of performance
and represent the probability that model will fit in the range.
Formula: error +/- const * sqrt( (error * (1 - error)) / n)

%1

02



4)

o+

o0 -

)

4 '%0&=4



$1 !
S

S#HE 1& -9+ !
G4
SHHS -
';0:5 8 8 @8,8 4

) C . . 5
5 4

e < <
< , D" 8
4 N@
8

@ C @ 0m=4Q@"

2%F

8 . 1) '%0&96 )

'%0

) C

0*

5 4
$B" D ,
C
$ 5 '%%0=
@
E 4
4 <
'%%'=4 | .
@;3 , '%%%=4
8 .
"< M;@"=8
8
4 D@"
< 8
'%02=4
D C 4"
., 8
4" P@; @= , 8
4
? 61$= > ?
'%0&= < E B
0%4%%% , D
4
4 D
&=4

8



oo s L

8 8
;! 8 '%0G=4
$'$#$
8 D 8
4 )YC B 8 "1 ; .D =
) 4 E 8 8
< 4
/D 8 >07? >[7? 4

Figure 13 — Review

exomple Ao I
W W W Five Stars
May 29, 2017

Verified Purchase

Coca Cola is always great in this fridge pack

Comment Was this review helpful to you? | Yes No

Figure 14 — Review

example Yelp 02.10.2016
If you need an inexpensive place to stay for a night or two
then you may consider this place but for a longer stay I'd
recommend somewhere with better amenities.

) C ;3 = $7 8 . 8
4
< > 8?7 . @ . E
$7 1@ < T 8 . 0%%%%=4
< 4 O/RO&. 8 8

{ 1 "reviewText";"id";"business_id";"user_id";™
"reviewerID"™: "AZSUAMIJ3GNN3B", erall™;"date™;"useful™; "funny"; "cool"™
"asin™: "0000013714", 2 "i love this place. the beer is good, the
"reviewerName": "J. McDonald"”, growlers are cheap, and the staff is
"helpful®: [2, 3], friendly. and in a city where beer is as
"reviewText™: "I bought this for my husband hard to come by as it is in Pittsburgh,

it's comforting that local breweries like
this

exist.";"ptlo0JApGd kidiuzTQpHg":"o_ g2Q64F:
c_Q40TOERBQ"; "kxjOGEMLERILpOvETTpiJw" 5.0 1t
9/10 12:00 AM;0.0;0.0;0.0

playing these old hymns. The music is at
published for singing from more than playimn
"ogwerall™: 5.0,

"summary": "Heavenly Highway Hymns",

"unixReviewTime™: 1252800000,
"reviewTime™: "09 13, ZQQgm
1&3 4 # /[&- # "

‘%



Amazon datasets (He & McAuley, 2016) Yelp dataset (Asghar, 2016)
Feature Use Feature Use
reviewerlD | ID of the reviewer (textual) text original text, text of the review
(textual)
Asin ID of the product (textual) id Id of the review (textual)
reviewerMa | Reviewer name (textual) business_id | 1D of the restaurant/hotel
me (textual)
X1/%2 original helpful, helpfulness user_id ID of the reviewer (textual)
rating of the review
(numerical/categorical)
reviewText | text of the review (textual) stars original stars, 5-star rating of
the product (numerical/
categorical)
Overall 5-star rating of the product date time of the review (datetime)
{numerical/ categorical)
Summary summary of the review (textual) | useful helpfulness rating of the
review (numerical/categorical)
unixReview | Unix time of the review funny funniness rating of the review
Time (datetime) (numerical/categorical)
reviewTime | Raw time of the review cool coolness rating of the review
(datetime) {numerical/categorical)
'2
$'8'S ()
; =D 4
8 A S B 4
Original datasets 10k Sample datasets
Original | Criginal Original Size | Original | Largest | Awverage | Deviation
Mumber | Number of | of the Words | review review reviews
reviews | Words dictionary per in char. | length length in
(Bytes) review | (sample} | inchar. | char.
(sample) | (sample)
Health & P. | 346.355 | 34.363.995 | 214.308.746 99,2 16053 | 510.146 396.108
Beauty 198.502 | 18.392.223 | 114.344.364 99,7 8257 | 455,054 | 470.176
Automotive 20,473 2,329,523 11.435.635 113,8 11371 | 457.426 | 548.231
Yelp 100.000 | 11.502.464 | 63.061.645 115,0 4953 | 618.241 575.838
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8
Health & Pers. Beauty Automotive Yelp
1 Product (5007) Hair (8264) Work [4454) Good (3B08)
2 Work [4136) Product (7134) Great (3496) Food (3725)
3 Take (3156) Skin {5045) Product (2523) Flace (3655)
4 Good (3129) Look (3344) Good (2873) Great (3125)
5 | Time (2785) Love (3286) Time (2441) Time (3111)
3] Great (2723) Work (3201) Look (2185) Servic (2758)
7 Us (2336) Great (3120) Batteri (1965) Order (2748)
8 Make [1873) Good (2809) Make (1511) Love (1615)
3 | Clean (1835) Us (2793) Us (1893) Come (1559)
10 | Help (1824) Color (2767) Easi (1878) Nice (1508)
(
) ) C 4 8
8 4E 8 , 4"
8
. 8 <4 A
; 0**/=4 8 . 8A
4 A G40
0%4
0% ;8 = ,N. N. M
Health & Pers. Beauty Automotive Yelp
1 | Take (76868) Make (71784) Light (64457) Place (39615)
2 | Get(59429) Dry (60287) Make (58376) Good (88440)
3 | Make (55277) Get (51443) Good (49783) Get (79357)
4 | Good (53154) Give (49226) Work (48470) Go (65752)
5 | Give (48390) Good (47487) Get (47603) Make (56148)
& | Work (47043) Use (43482) Use (33908) Give (53452)
7 | Clean (33691) Light (35528) Clean (33225) Come (49486)
8 | Use(33162) Feel (32912) Give (31194) Take (48692)
3 | Cut(29902) Hair {32903) Easy (30304) Servi (41013)
10 | Go (24538) Work (32039) Take (29537) Call (38247)
I $$ 6
6 0% ; hyper:point hyper:section hyper:characteristic hyper:blemish
8 8 hyper.marking hyper:section hyper:place_of_business
N M . hyper.occupation hyper:attack hyper:small_indefinite_quantity
4 B 8 N hyper:m;rker hyper:lamp hyper:playing_card
N M4 hyper:mistake hyper:spy hyper:dirty hyper.change_surface

hyper:change hyper:mark hyper:meal hyper:eat

hyper:.feed hyper.seafood hyper.decapod hyper:Mexican hyper.dish

18#

$ 3




Health & Pers. Beauty Automotive Yelp
1 [ Change (66634) Change (71323) Change (62575) Change (76572)
2 | Be(59024) Be (53803) Be (53974) Be (71054)
3 | Move (28092) Make (26531) Move {31540) Move (36186)
4 | Act (27932) Act (25658) Make (24357) Act (31936)
5 | Make {26722) Mave (22314) Act (22769) Make {29742)
6 | Get(25240) Time_period (18149) | Get (17301) Experience (25799)
7 | Time_period (22459) Get (18135) Activity (16880) Time_period (24118)
8 | Experience (20172) Touch {15185) Travel [15857) Travel (20117)
S | Have (17523) Remove (14821) Compartment Change_state
(15241) (19498)
10 | Activity (17379) Activity (14810) Have (14849) Get (19164)
$ S 6
). 8
4 hypo:worship hypo:love hypo:get_off hypo:romance hypo:take
8 hypo:grave hypo:boatyard hypo:level hypo:behalf
! hypo:home_away_from_home hypo:academicianship hypo:wing
8 4 hypo:niche hypo:perch hypo:postposition hypo:margin
A , . , hypo:insert hypo:superordinate hypo:address hypo:distinguish
/ 4 hypo:fund hypo:garrison hypo:draft_beer
8 hypo:common_good hypo:kindness hypo:worthiness hypo:basic
hypo:newsroom hypo:alpenstock hypo:crosier
< hypo:man hypo:national_capital hypo:draft_beer hypo:milt
vV 4 hypo:emanate hypo:land hypo:fall hypo:work_out
hypo:aggregate hypo:anesthyl hypo:brewpub hypo:come hypo:breathe
? - 8# $$
4
Health & Pers. Beauty Automotive Yelp
1 | Catch (11077) Take (5409) Give (7560) Catch (116086)
2 | Take (8990) Give (9244) Catch (6388) Take (11169)
3 Give (7623) Stinging_hair Take (6115) Sober_up (10402)
(8231)
4 | Decide (6179) Bristle [8224) Decide (5290) Land {10020)
5 Sober_up (6144) Coat (8224) Land (5145) Superordinate (7410)
6 Land (5548) Ingrown_hair Double (5122) Suffer (7395)
(8224)
7 Render (58139) Hollywood (7637) Render (5114) Decide {7390)
8 Test (5770) Catch (7388) Ambulance (5036) Render (7260)
9 Misread (5345) Book (7122) Sober_up (5038) Know (67599)
10 | Recommence (5266) | Cargo (7116) Follow (4944) Academicianship
(6597)
$ 3 6
" 8 , 4 8 \%
4 C \% 8V
4
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Rapidminer Process to test the performance of discretization

Protess Documenls_
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Testing performance of Naive Bayes on Beauty data without discretization with original
classes

accuracy: 37.23%

e 5.0 frue 2.0 frue 4.0 tru= 3.0 nu= 1.0 class pre
pred. 5.0 752 a8 128 40 T BO63%
pred. 20 244 a1 121 B2 6 7.BZ%
pred. 4.0 35 Fal 158 59 L] 2B8.11%
pred. 30 154 42 80 T2 21 1B.56%
pred. 1.0 260 50 102 76 B4 14.45%
dass recall 43.44% 25.311% 26.42% 21.88% 53.50%

Testing performance of Naive Bayes on Beauty with discretization classes negative or
positive, neutral records are removed
accuracy: 72.02% +- 1,98% (mikro: 72.02%)
frug pasitive true negative class precisi
prad. posilive 34978 234 94.45%
pred. negative 1510 508 25.21%
dass recall T2.49% 68.51%

Testing performance of Naive Bayes on Beauty with discretization classes negative, neutral

or positive
accuracy: 54.5M
frue negative frue posiie true neutral class pracis|
pred. negathe 152 452 117 21.08%
pred. positive 55 1353 80 80.93%
pred. neutral 112 Sa7 132 16.69%
class racall 47 65% 57.50% 40.12%
1 4
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4" 0& E < 8 8
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Amazon datasets (He & McAuley, 2016) Yelp dataset (Asghar, 2016)
Feature Use Feature Use
reviewerlD | ID of the reviewer (textual) reviewText | original text, text of the review
(textual)
asin ID of the product (textual) id Id of the review (textual)
reviewerMa | Reviewer name (textual) business_id | 1D of the restaurant/hotel
me (textual)
X1/%2 original helpful, helpfulness user_id ID of the reviewer (textual)
rating of the review
{numerical/categorical)
reviewText | text of the review (textual) overall original stars, 5-star rating of
the product (numerical/
categorical)
overall 5-star rating of the product date time of the review (datetime)
(numerical/ categorical)
summary summary of the review (textual) | useful helpfulness rating of the
review (numerical/categorical)
unixReview | Unix time of the review funny funniness rating of the review
Time (datetime) (numerical/categorical)
reviewTime | Raw time of the review cool coolness rating of the review
(datetime) (numerical/categorical)
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Smote Upsampling
exa Y ups
ori

Sample
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Process Documents...

wor = exa
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SVD
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ExampleSet (3000 examples, 5 special attributes, 100 regular attributes)

Q

;= (@4

Filter (3,000 / 3,000 examples).

Row No. overall svd_1 svd_2 svd_3 svd_4
1 negative neutral 0 0 1 0.002 -0.001 0.001 -0.002
2 positive neutral 0 0 1 0.005 -0.003 -0.004 -0.002
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8 8 8

accuracy: 80.90% +/- 2.23% (mikro: 80.90%)

pred. positive
pred. negative
pred. neutral

class recall
I"( 5( +2

6
8

true positive
5526

85

2

98.12%

accuracy: 67.23% +/- 4.10% (mikro: 67.23%)

pred. negative
pred. positive
pred. neutral
class recall

%"( 5( +2

true negative
253
266
177

36.35%

true negative
560

128

18.39%

98,

true positive
125

1327

237

78.57%

98,

true neutral

610

53

9

1.34%

true neutral

142

388

1159

68.62%

Optimize Parameters (Grid)

{

v L |

inp g per )

inp o :)

par

out [}

out

class precision
82.53%
48.12%

23.68%

class precision
48.65%
66.99%
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2 Prepare Data data 70% - 30%

Read Health&PC

fil + out

= |

Pre-processing

in E out

in out
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Split Data

& (

Data

Smote Upsampling

exa Y ups
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Sample

exa Y exa

o

Process Documents...

exa
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Process Documents...

GG

Indexing with Topic
Modelling

Step & - Testing

Apply Model (2)

kNN
Naives Bayes
GLM

Target=HPC
Algorithm=kNN Features Accur. | Error Recall Precision | Log loss
ML Training no sampling 75.65% | 24.31% | 35.87% | 38.31% 0.434
ML Testing no sampling 75.20% | 24.80% | 35.13% [ 36.71% 0.435
ML Training under sample 43.47% | 56.53% | 38.18% | 37.14% 0.514
ML Testing under sample 46.70% | 53.30% | 41.75% | 38.47% 0.451
ML Training under+oversample | 84.89% | 15.11% | 65.73% | 67.04% 0.372
ML Testing under+oversample | 60.40% | 39.60% | 38.48% | 36.25% | 0.467
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