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Abstract

This study analyzed the impact of women's empowerment across its multiple
dimensions—psychological, social, economic, and educational—on the
entrepreneurial intentions of female students at EI Oued University in Algeria.
The study relied on a quantitative methodology, implemented through an
electronic questionnaire distributed to a stratified, purposive sample of 550
female students from various disciplines and academic levels. The data were
analyzed using Classification and Regression Trees (CART) and Random Forest
algorithms.

The study confirmed that psychological factors, particularly psychological
empowerment, self-efficacy, and entrepreneurial motivation, are the most
influential in shaping female students' entrepreneurial intentions, followed by
the university environment and educational and training experience. Conversely,
social and environmental barriers, such as norms, funding constraints, and weak
institutional support, negatively impact entrepreneurial intentions, although their
impact is less than that of psychological and motivational factors. The results
also revealed limited influence of demographic variables (age, marital status,
specialization) compared to psychological and behavioral factors. The study
concluded that strengthening psychological empowerment and entrepreneurship
training programs within universities, developing the university environment to
be more supportive of women's initiatives, and providing financial and
Institutional support are essential pillars for promoting women's
entrepreneurship in the Algerian university environment, contributing to
achieving sustainable economic and social development.

Keywords: Women's Empowerment, Entrepreneurship, Entrepreneurial
Intention, Female University Students, Classification and Regression Trees
(CART)
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2 Olaoluwa Aasa, "Analyses and Methods for Likert Scale Data," July 2016, Federal University of Technology, all content following this
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® Breiman, L. (2001). Random Forests. Machine Learning, 45, 5-32 (2001). https://doi.org/10.1023/A:1010933404324
* Vergni, L., & Todisco, F. (2023). A random forest machine learning approach for the identification and quantification of erosive events.
Water, 15(12), 2225. https://doi.org/10.3390/w15122225
® Balabied, S. a. A., & Eid, H. F. (2023). Utilizing random forest algorithm for early detection of academic underperformance in open
learning environments. PeerJ Computer Science, 9, €1708. https://doi.org/10.7717/peerj-cs.1708

6

galgll dnoly Lyl gal Jloa¥l dslsy dos 08 disoll Julap' — m——




53N Eale SIb el Jlas B3y S o 81 b ErSal) Eanlsd Sl

e o W sl e sms MU :(Bagging dxad) bootstrap wuged! iles ds-i i
OF sm Mg Dy oYl ol Dbl aose2 o (Il mo &Sls2e aie) DOOLSErAP Auef acs
LY e 5T bl glar ¥ 6 Lty s (3 le e glt 15 UL bl 2
p C)\):.U & < el B Yoo sdie Jf G ol Jf islyy Le ::L;‘yi& Z\.ﬁgjb 5}3&\ e =&
= f -(mtry <p C"z‘") My <l o Alsle Aep degad SVRE: = ‘vz““"'zs J’*‘-’T o gld
/3 055y cipatll [P OsSG Mypy 3le O e Bl Assadl odn o e il ad
£
Joo B8 ez ol (ki 05 S8 s adl U] B e sms IS g5 Bl g -0
oilisinl oz (k) saal (3 bl sl 3sY1 1d) nodesize
Z}:J:.‘\ @; —<

st S ¢ (o) U Bt S 35 cbte Jlsa] i aedl ilisad) V0
LS @S olpol e sie ST e cla 3 223 Random Forest

1Y o Crpe (%) Sl 5l st

CRF(x) = argmax Z 1(Cm(x) Cy)

A g sVise =M e

JesYl ol s = x @

AL o) rsegez = € = {C, Cy,..., Cx} @
mxJssW m —th smid o2l 35 = Cp(x) @

5 Y MY ma e gl bste Ol o3 e ]l aedl Yl v

R
QW ol e Ypp (%) S 5 Sl oz
M
Vre(x) = M = Im (X)

‘.‘!"9" hola -.iL!'"'h &‘d Jlo‘gl .‘.-\lﬂj xﬂ-i \.‘.\.ﬂ Eii”ll fl—lélo-l,, e | ——



53N Eale SIb el Jlas B3y S o 81 b ErSal) Eanlsd Sl

A g sVise =M e

A Sl amze = X o

mx JesWm —thsz=z) » gl =P (x) o

oy J) a2

:1‘3'9.;,- LW 1.2

aflpiall SUR Jo1 Lo ¥ LA s Slajylys 3 poty (el ke (b s Sy
o Wlsie glasl & aie (gl Jlaiml ey 5eb . Ciadl plee o1 A 5ude) Sleled) i
e wode UL Aegazt (3 aadll mjed Uiby Slotie S adnas & 3] o pb Sy UL degast
AU el e Ll s

K

Gini(t) = 1= ) [p(kIO)*p(klt)ke
k=1

Ctsda e koad ) s ol ds J p(kt) o

Lie By 38 ) saal 3 ol e a5 bikie jde AU Lezed) 331 0 ) Calesdl s
@) ALk sudy 22U Bl daal) B M Gl VAN jlnal ed st SLlY) s
Random wleses o 2l sl 45le Colpadl Wi - "Gini gain” " s
e ol e o dsgme sl cliil Jo eledl 505 (3 eda weidl &7 wales (Forest
o) gl IV a il ool et

i gl s 2.2

w{” JG .,\:{J,':'

Sl s 3 dolie dplud) oWl o Wlady 30,3 324 33 b (OOB) agad o L) ,us i

@ stablie S dhaine 3 UL Aese U] Br W U093 m3sad) ool vk e LRSIt 2

salall b geas | @) sVl e bbb B b Aeget sl Slgadl sl 0r (o Sl

cross-validation o) il adsls 3ad aJT clad) ) J iy op L cogd) oL
1055 OOB 35 Lol

Ioop(D)iYoop(D) = aggregationjEIOOB(i)f/j (x;)

! Tangirala, S. (2020). Evaluating the Impact of GINI Index and Information Gain on Classification using Decision Tree Classifier
Algorithm*. International Journal of Advanced Computer Science and Applications, 11(2). https://doi.org/10.14569/ijacsa.2020.0110277
% Breiman, L. (2001). Random Forests. Machine Learning, 45, 5-32 (2001). https://doi.org/10.1023/A:1010933404324
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! Hastie, T., Tibshirani, R. J., & Friedman, J. (2013). The elements of statistical learning: Data Mining, Inference, and Prediction (Second
Edition) [Springer Series in Statistics]. Springer International Publishing; Palgrave Macmillan. http://catalog.lib.kyushu-
u.ac.jp/ja/recordiD/1416361

2 Janitza, S., & Hornung, R. (2018). On the overestimation of random forest’s out-of-bag error. PLoS ONE, 13(8), €0201904.
https://doi.org/10.1371/journal.pone.0201904

® Agarwal, A., Kenney, A. M., Tan, Y. S, Tang, T. M., & Yu, B. (2023). MDI+: a flexible random Forest-Based feature importance
framework. arXiv (Cornell University). https://doi.org/10.48550/arxiv.2307.01932

* Li, X., Wang, Y., Basu, S., Kumbier, K., & Yu, B. (2019). A Debiased MDI Feature Importance Measure for Random Forests. In 33rd
Conference on Neural Information Processing Systems (NeurlPS 2019), Vancouver, Canada.
https://proceedings.neurips.cc/paper_files/paper/2019/file/702cafa3bb4c9c86e4a3b6834b45aedd-Paper.pdf

® Breiman, L. (2001). Random Forests. Machine Learning, 45, 5-32 (2001). https://doi.org/10.1023/A:1010933404324
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! Nembrini, S., Koénig, I. R., & Wright, M. N. (2018). The revival of the Gini importance? Bioinformatics, 34(21), 3711-3718.
https://doi.org/10.1093/bioinformatics/bty373

2 Tang, F., & Ishwaran, H. (2017). Random forest missing data algorithms. Statistical Analysis and Data Mining the ASA Data Science
Journal, 10(6), 363-377. https://doi.org/10.1002/sam.11348

® Wrightt M. N, & Koénig, I. R. (2019). Splitting on categorical predictors in random forests. Peer), 7, e6339.
https://doi.org/10.7717/peerj.6339

* Probst, P., Wright, M. N., & Boulesteix, A. (2019). Hyperparameters and tuning strategies for random forest. Wiley Interdisciplinary
Reviews Data Mining and Knowledge Discovery, 9(3). https://doi.org/10.1002/widm.1301
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YLi, Y., & Mu, Y. (2024). Research and performance analysis of random forest-based feature selection algorithm in sports effectiveness
evaluation. Scientific Reports, 14(1). https://doi.org/10.1038/s41598-024-76706-1
% Biau, G., & Scornet, E. (2016). A random forest guided tour. Test, 25(2), 197-227. https://doi.org/10.1007/s11749-016-0481-7
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(Descriptive Statistics)

Variable Item Frequency Percentage (%)

Age Up to 20 123 22.36363

20to 25 347 63.0909

Above 25 80 14.5454

Marital status Single 475 86.3636
Married 65 11.8181

Divorced 8 1.4545

Widow 2 0.3636

Study field Science and Technology 139 25.2727
Economics and Management 178 32.3636

Social and human sciences 233 42.3636

College degree Bachelor's 310 56.3636
Master's 227 41.2727

Doctorate 13 2.3636

Affiliation  with Incubator 138 25.0909
Entrepreneurship Center for Entrepreneurship Development 33 6
Structures Unaffiliated 379 68.9090
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library(rpart)  #for fitting decision trees
library(rpart.plot) #for plotting decision trees
leatidat o Wilily sle Xl o 8

df <- Worksheet_2

df <- na.omit(df) # removing Nas
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D)5 G by ) ) ks o g e
(123)set.seed
sample_set <- sample(nrow(df), round(nrow(df)*.80), replace = FALSE)
train <- df[sample_set, ]
test <- df[-sample_set, ]

el JSI il bl e 5 yadl) ol (V) aski

CEIdSY) zisall e
tree.df <- rpart(El1 ~ M1+M2+M3+M4+M5+M6+M7+ENV1+ ENV2+ ENV3+
ENV4+PE1+ PE2+ PE3+ PE4+ PES5+ PE6+ SE1+ SE2+ SE3+ SE4+ SES5+ SE6+ PLE1+
PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EE5+ EE6+BO1+ BO2+ BO3+ BO3+
BO4+ BO5+ BO6+ BO7+ Age+ Marital_status+ Study field+ College degree+
Affiliation, data=train, method="class")
b clalu@iDl JieY) aaell ppaat) claludi¥) (e 220 JS) Uadl) asds tree.df oIS e iw
5yl
C Y DA e
print(tree.dfScptable)

EIT Js¥1 z3s0dd 3 esdl tedindl S¥olas 2(3) o3y Jgud-!

CP nsplit rel error xerror xstd

1 0.08900524 0 1.0000000 1.0000000 0.03823633
2 0.07853403 1 0.9109948 0.9842932 0.03869617
3 0.04712042 2 0.8324607 0.9371728 0.03990428
4 0.02094241 4 0.7382199 0.9424084 0.03978226
5 0.01570681 6 0.6963351 0.9319372 0.04002334
6 0.01308901 8 0.6649215 0.9162304 0.04036305
7 0.01178010 12 0.6125654 0.9267016 0.04013947
8 0.01047120 16 0.5654450 0.9319372 0.04002334
9 0.01000000 17 0.5549738 0.9319372 0.04002334

R Studio slasYi mebal ol Lo 15lasl allall slas] o 1 phaall
o (xerror) Joldl il ol 3 Ul aas B of LS (3) Jedl D
& o) ol ) 2l o ¢ «0.01030891 g5l (CP) e 3imsy 0.9162304
T3l i o Ol il gad llesl 7 Je gsd @ samad) OF UL pis bogay ool 7

Al gt @JT@ HeL\q;; o> 4By
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plotcp(tree.df)
(xerror) e EI1 sy Jo¥ Tisel Jas¥1 8 il e o Gl ey (1) o3y S

size of tree

1 2 - 5 6 7 13 15 17
I I | l I | | | |

1.1

1.0

X-val Relative Error

06 0.7 08 09

I I | [ I | | | |
Inf 0091 0.044 0.023 0.017 0.015 0.014 0.013 0.011

cp
RStudio slay1 melpdl ol Jo 1Stazsl allal) slas] o : gohaabl
Jaily 0.01030891 s cp Jaas Jiadl of U] pty o (1) Jsid) it 15, (1) 3, 2
(xerror) lesll e Bl Je 3l 7 s2 i o
oY) ke

best<-tree.dfScptable[which.min(tree.df$Scptable[,"xerror"]),"CP"]
best

Cp J aslsll il e Lass

030891[1] 0.01

(3) o3y Jsbl & (Xerror) and Y ablall Cp s 2

Tree pruning 5_add) s

Sl e o il a Gy partyKit aap pasens G EIL oY) p3sed Adall 3mtdl o3
W eleY) g b e PATLY i Lemas

prune.tree.df <- prune(tree.df, cp = best)

plot(as.party(prune.tree.df))
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Variable importance < siia) 4

o e Bl gy sl WSs e S gl B8l S ey el BT 1] el sdl
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ViI<-prune.tree.dfSvariable.importance

barplot(VI, xlab="Variable", ylab="Importance",
, col = "green")35names.arg=names(VI),cex.names=0.
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Importance
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Variable

RStudio stesy) mebnll wlrz e 13lael allall slie) o 2 pead

Bl 2 @ SN oSen 2l ) 2Al Slses @ sl Gl sl (3) @) IS o
(PE6 (PE3) il ol olpane O bl 6y e caly)l Bl oUW ) Jles)
B @ i) el (5521l 05h (25 U13) e cinipe 38T oy e (PE4 (PE2
a5l 35Sl (((ENV) ae i Llsadl Jan clpaal) Jam cdea> LN 3 510 S sl asL,
Ll deededl 5 oo (Y1 Sl Jae dL BLEYL (M) 2L 8l S il o(SE)
(BO) s (PLE)

ALt ) 4 ghiaa pLES) JLAAY) Clily 4 gana aladindy i)

AU Y b e LV bl Jlaxtal 2358 ST 5L Yol 0o

predict_test = predict(prune.tree.df, test, type ="class")
()predict_test %>% head

A 6‘\.::‘.“ 6\;— J.bgw
1915 17 28 32

466666
Levels: 12 34567

LAWY b e I B Sl a8

table(predict_test, testSEI1)
predict_test 1 2 3456 7
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o gie 335 9 37.27 %" & LAY de gana G 431
EI2 S zisedl e

tree.df <- rpart(EI2~ M1+M2+M3+M4+M5+M6+M7+ENV1+ ENV2+ ENV3+
ENV4+PE1+ PE2+ PE3+ PE4+ PES5+ PE6+ SE1+ SE2+ SE3+ SE4+ SES5+ SE6+ PLE1+
PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EE5+ EE6+BO1+ BO2+ BO3+ BO3+
BO4+ BO5+ BO6+ BO7+ Age+ Marital_status+ Study field+ College degree+
Affiliation, data=train, method="class")

b lalu@iDl JieY) aaell ppaai) Clalud@i¥) (e 220 JS) Uadll (asid s tree.df oSN o
5yl

EI2 i z3gell 5edt dedad) S¥lslas :(4) o3y Jgd!

CP nsplit rel error xerror xstd

1 0.11803279 0O 1.0000000 1.0000000 0.03171689
2 0.08852459 1 0.8819672 0.8885246 0.03345044
3 0.03934426 2 0.7934426 0.8918033 0.03341280
4 0.02295082 3 0.7540984 0.8163934 0.03408711
5 0.01803279 6 0.6852459 0.7770492 0.03428436
6 0.01639344 8 0.6491803 0.7770492 0.03428436
7 0.01475410 10 0.6163934 0.7704918 0.03430715
8 0.01311475 15 0.5409836 0.7606557 0.03433598
9 0.01000000 18 0.5016393 0.7508197 0.03435839

RStudio sl bl ol e 1Shel allall slae] o 2 pokaal
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Levels: 12 34567

S5, Bosan cLiily o ohs (
predict_test 1 2 3456 7

dagie 4> =) 45.45 %" s LAY de gana A 480
EI3 Sl zisall o

tree.df <- rpart(EI3~ M1+M2+M3+M4+M5+M6+M7+ENV1+ ENV2+ ENV3+
ENV4+PE1+ PE2+ PE3+ PE4+ PES5+ PE6+ SE1+ SE2+ SE3+ SE4+ SES5+ SE6+ PLE1+
PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EE5+ EE6+BO1+ BO2+ BO3+ BO3+
BO4+ BO5+ BO6+ BO7+ Age+ Marital_status+ Study_field+ College_degree+
Affiliation, data=train, method="class")

b lalu@iDl JieY) aaell ppaa) Cleludi¥) (e 22 JS) Uadll (asi s tree.df oSN e i
5yl

EI3 & zhgeld 8 2eidl dadl <Oslas :(5) @By Jgud!

CP nsplit rel error xerror xstd

1 0.22064057 0O 1.0000000 1.0000000 0.03586072
2 0.02372479 1 0.7793594 0.7935943 0.03732069
3 0.02313167 5 0.6832740 0.7829181 0.03732416
4 0.01897983 7 0.6370107 0.7758007 0.03732262
5 0.01779359 10 0.5800712 0.7508897 0.03729291
6 0.01423488 12 0.5444840 0.7544484 0.03729947
7 0.01067616 14 0.5160142 0.7224199 0.03721256
8 0.01000000 16 0.4946619 0.7046263 0.03713707
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tree.df <- rpart(El4~ M1+M2+M3+M4+M5+M6+M7+ENV1+ ENV2+ ENV3+
ENV4+PE1+ PE2+ PE3+ PE4+ PE5+ PE6+ SE1+ SE2+ SE3+ SE4+ SE5+ SE6+ PLE1+
PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EE5+ EE6+BO1+ BO2+ BO3+ BO3+
BO4+ BO5+ BO6+ BO7+ Age+ Marital_status+ Study field+ College_degree+
Affiliation, data=train, method="class")

8 laldiD JiaY! 2aell paail el (e 2ae JS) Uadll (and s tree.df oo\l e dins
5yl

EI4 s ) z3g0il) 5edt dediad) S¥lslas 1(6) o3y Jgud-!

CP nsplit rel error xerror xstd

1 0.17977528 0 1.0000000 1.0000000 0.03837435
2 0.05992509 1 0.8202247 0.8426966 0.03927108
3 0.03932584 2 0.7602996 0.8089888 0.03927474
4 0.02621723 4 0.6816479 0.7565543 0.03914953
5 0.01872659 5 0.6554307 0.7640449 0.03917721
6 0.01685393 6 0.6367041 0.7415730 0.03908433
7 0.01498127 10 0.5692884 0.7303371 0.03902678
8 0.01123596 13 0.5243446 0.6966292 0.03880929
9 0.01000000 17 0.4794007 0.6928839 0.03878094
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tree.df <- rpart(EI5~ M1+M2+M3+M4+M5+M6+M7+ENV1+ ENV2+ ENV3+
ENV4+PE1+ PE2+ PE3+ PE4+ PE5+ PE6+ SE1+ SE2+ SE3+ SE4+ SE5+ SE6+ PLE1+
PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EE5+ EE6+BO1+ BO2+ BO3+ BO3+
BO4+ BO5+ BO6+ BO7+ Age+ Marital_status+ Study field+ College degree+
Affiliation, data=train, method="class")

b lalu@iDl JieY) aaell ppaat) Claludi¥) (e 22 JS) Uadll (asi s tree.df oIS o siw
P

EI5 sl z3g0d) 8 el sdiadl SBlas 1(7) 0By Jgutd!

CP nsplit rel error xerror xstd

1 0.13833992 0 1.0000000 1.0000000 0.04098587
2 0.07905138 1 0.8616601 0.8735178 0.04145447
3 0.05533597 2 0.7826087 0.8300395 0.04141205
4 0.03162055 3 0.7272727 0.7826087 0.04124710
5 0.02371542 4 0.6956522 0.7588933 0.04111777
6 0.01976285 5 0.6719368 0.7707510 0.04118637
7 0.01778656 7 0.6324111 0.7628458 0.04114151
8 0.01581028 10 0.5731225 0.7391304 0.04098587
9 0.01000000 13 0.5256917 0.7272727 0.04089611
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tree.df <- rpart(EI6~ M1+M2+M3+M4+M5+M6+M7+ENV1+ ENV2+ ENV3+
ENV4+PE1+ PE2+ PE3+ PE4+ PES+ PE6+ SE1+ SE2+ SE3+ SE4+ SES+ SE6+ PLE1+
PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EE5+ EE6+BO1+ BO2+ BO3+ BO3+
BO4+ BO5+ BO6+ BO7+ Age+ Marital_status+ Study_field+ College_degree+
Affiliation, data=train, method="class")
& lalaa™ JiY) aaall paadl laladi) e 2ae JKI Uadll Gasdg tree.df i e diud
" 5

EI6 osludt 7350l 820l dodind Sslas :(8) 0By Jud:!

CP nsplit rel error xerror xstd

1 0.14385965 0 1.0000000 1.0000000 0.03515743
2 0.07368421 1 0.8561404 0.8631579 0.03654241
3 0.03157895 2 0.7824561 0.7894737 0.03679081
4 0.02807018 3 0.7508772 0.7929825 0.03678662
5 0.02105263 5 0.6947368 0.7789474 0.03679879
6 0.01754386 6 0.6736842 0.7964912 0.03678168
7 0.01578947 8 0.6385965 0.7894737 0.03679081
8 0.01403509 10 0.6070175 0.7473684 0.03678168
9 0.01228070 12 0.5789474 0.7333333 0.03675428
10 0.01052632 17 0.4912281 0.7228070 0.03672572
11 0.01000000 19 0.4701754 0.7228070 0.03672572
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df$EI1 <- as.factor(df$EIrl)

set.seed(123)

sample_set <- sample(nrow(df), round(nrow(df)*.80), r
eplace = FALSE)

train <- df[sample_set, ]

test <- df[-sample_set, ]
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rf_model <- randomForest(EI1 ~ M1+M2+M3+M4+M5+M6+M7+ENV1+ ENV2+
ENV3+ ENV4+PE1+ PE2+ PE3+ PE4+ PE5+ PE6+ SE1+ SE2+ SE3+ SE4+ SES5+ SE6+
PLE1+ PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EES5+ EE6+BO1+ BO2+ BO3+
BO3+ BO4+ BO5+ BO6+ BO7+ Age+ Marital status+ Study_field+

College _degree+ Affiliation, data = train, importance = TRUE)

73 saill 483 33 3 A O LY dae 38 prad eV Jasisi o
which.min(rf_modelSerr.rate], 1])

s Jramzi

[1] 121
A gadl) A8 ] hid 3 jni121 Jdals clla

rf_ model2 <- randomForest(EI1 ~ M1+M2+M3+M4+M5+M6+M7+ENV1+
ENV2+ ENV3+ ENV4+PE1+ PE2+ PE3+ PE4+ PES5+ PE6+ SE1+ SE2+ SE3+ SE4+
SE5+ SE6+ PLE1+ PLE2+ PLE3+ PLE4 +EE1+ EE2+ EE3+ EE4+ EE5+ EE6+BO1+
BO2+ BO3+ BO3+ BO4+ BO5+ BO6+ BO7+ Age+ Marital _status+ Study_field+
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