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ON ZERO INFLATED GENERALIZED POISSON-SUJATHA
DISTRIBUTION AND ITSAPPLICATIONS

Samuel Adewale Aderoju?

Department of Satistics and Mathematical Sciences, Kwara State University,
Malete, PM.B. 1530, llorin, Kwara State, Nigeria.

| saac Adeola Adeniyi

Department of Mathematical Sciences, Federal University Lokoja, PM.B. 1530,
Lokoja, Kogi Sate, Nigeria.

Abstract: A new model called Zero Inflated generalized Poisson-Sujatha distribution
(ZIGPSD) is proposed in this paper. Some characteristics of the model were derived and
the maximum likelihood method was used to obtain the estimators of the parameters
numerically. Through simulation and application to two datasets, the goodness-of-fit of the
ZIGPSD wasexamined in comparisonwith thezeroinflated Poisson (ZI P), Poissonand the
new generalized Poisson-Qujatha (NGPS) models. The results showed that the ZIGPSD
providesbetter fit compared to the other existing models considered in some cases of count
data with excess zeros.

Keywords: Zero inflated Poisson, Excess zeros, Goodness-of-fit, Moments, Maximum
Likelihood

1. INTRODUCTION

ThePoissondistributionisgenerally considered asthestandard model for modeling
count data but overdispersion and excess zeros than expected from the Poisson
distribution arecommon problemsinmodelling count data, whichthemodel cannot
handle. Johnson and Kotz (1969) were the first to define a mixture Poisson
distribution that accounted for excesszerosinthedata(Sirichantra& Bodhisuwan,
2017). However, in some cases, overdispersion is a function of excess zero count
or none of it in the data. The count data with excess zeros are common in various
fieldslikephysical, natural, biological and social sciencesaswell asin engineering
and agriculture. Regular discretedistribution may fail tofit such dataeither because
of zero inflation or over- or underdispersion (Aryuyuen et al., 2014). There is
increased interest in zero inflated distribution to account for extrazeros, which are

1 Corresponding author: Samuel Adewale Aderoju: E-mail: samuel.aderoju@kwasu.edu.ng
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common in count data

“The zero inflated distribution assumes that the observed data are the result
of atwo-part process that generates structural zeros and a process that generates
random counts’ said Aryuyuen et a., (2014). They further expressed that the
distribution can be ssimply defined as follows:

PX = x|w) = wme(x) + (1 — w)f(x]A), (1)

where w isthe extraproportion of zeros, X isthe count variable, f(x) isthe pmf of
Xwith parameter A, and 1) (X) = 1if x= 0; otherwise 77, (x) = 0.

In this paper, we derived zero inflated generalized Poisson-Sujatha (ZI GPS)
distribution by compounding zero inflated Poisson (ZIP) distribution with Tesfay
and Shanker’s proposed “another two-parameter Sujatha distribution (ATPSD)”,
Tesfay and Shanker (2019). Some characteristics of the ZIGPS distribution and its
application are shown as well.

Therest of thispaper isorganized asfollows: in section 2thenew zeroinflated
model is presented and some characteristics of the model are derived in section 3.
The Maximum likelihood estimation (ML E) method to estimate the parameters of
the model are discussed in section 4. Simulation studies are presented in section 5
while section 6 contains the application of the model to two rea data sets. The
conclusion is presented in section 7.

2. THE ZERO INFLATED GENERALIZED POISSON-SUJATHA DI-
STRIBUTION

The zero inflated Poisson distribution having probability mass function (pmf) as
follows:

a)+(1—a))e"1, if x=
hX =)= (1—w)§e"1, if x=12,... @

where0<w <landA >0

Suppose the parameter A in ZIP distribution is a random variable and it
follows the ATPSD, such that A~ ATPS (a, £ that with the probability density
function (pdf):

/33

ID = e+ 2a

l+ar+ar’)e Py 1>0,>0a=0, (3
where Bisascale parameter and a ashape parameter (Tesfay and Shanker, 2019).
Obviously, for a = 0and a = 1the ATPSD reducesto exponential distribution and
Sujatha distribution respectively.
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Definition 1: Supposearandomvariable Xissaidto beof zeroinflated generalized
Poisson-Sujatha distribution (ZIGPSD) if:
X|A~ZIP(A)

while Ala, B ~ ATPSD(a, B)

for A>0, B> 0and a = 0. Hence, we denote the pmf of X ~ ZIGPS(q, B, @is
given by:
h(X =0)g(), if x=0
feo = {(1 — (X = Dgd) if x=1,2,... (4)
where, 0 < w < 1 istheinflation parameter.
Theorem 1: If X~ZIGPYa, B, ¢ beaZeroinflated Generalized Poisson-Sujatha
distribution, then the pmf is:

B aB+3)+ (B2 +26+1) if x=
) w+(1_w)ﬁz+aﬁ+2a< B+1)° ) S
fe) = B aGf+ B+ +BrMax+ (FEH2E+ D) ©)
(-0 g eaal R )t e

where 3>0,a 20and0< w < 1.

Proof of part 1: [if X = 0]: Suppose X|A ~ZIP(A) and A|B, a~ATPSD (B, d
then the pmf of conditional random variable X is given as:

k) = f h(X = 0)g(D)da,
0

where w + (1 — w)h(X = 0) is ZIP when x = 0 and g(2) is ATPSD. Therefore,

f1(x) :f(u+(1—a))e‘Z

0

‘B3

m(l +al+ 6{)[2) e_ﬁld/l

=w+(1-w) “AEAD (14 gl + ad?) di

53 [
(B2 +a,8+2a)0f ¢

[e3]

J

0

33

=wt (-0 s

e B+ g +af Ae~HED g3 +af A2e~AE+D) dl]
0 0
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B3 0! a 2a
VT af + 20) [(ﬁ Tt TG 1)3]

B3 a(B+3)+(B2+26+1)
(p? +aﬁ+2a)[ B+1)3 ]

=w+(1-w

=w+(1-w)

aB+3)+ B+ 1)

B3 )
(B% + af + 2a) [ Br1? if x=0 (6

) =e+(1-w)

Proof of part 2[if X=1]: Suppose X|A ~ZIP(A) and A| B, a~ATPSD (3, o) then
the pmf of conditional random variable X is given as:

[oe]

£,(x) = f 0+ (1= w)h(X = Dg)di,

where w + (1- w) h (X=1) isZIPwhen x>0 and (g)A) iSATPSD. Therefore,

* AX 3

fo(x) = Of(l—w);e"l.ﬁz_’_ﬁw(l+al+alz) e Plda

=(1- w)'g—3f MeHB+D (1 + ad + ad?) di

x!(ﬁ2+a’ﬁ+2a)0

— ﬁg Oc)x—(+) Oox+ -A(p+1) Oox+ —-2(f+1)
—(1—w)mof,1e““ d/1+a0f,1 1g-A(B+1 dl+a0fl 2=2B+1) 4

-1 B3 x! a(x+ 1! alx+2)!

=0 T |G T G (5+1)X+3]

1 B3 1 alx+1) alx+2)(x+1) (7)

= g |G TGt G e

p3 a(x>+B+3)+ (B +Hax + (B +1)?
B? + af + 2a) [ (B + 1)x+3

=(1-w)

12, ..,

2 (0 = (1 - w) B (oz(x2 +B+3)+(B+Dax+(B+ 1)2>; o

B2+ aB +2a) B+ 1)*+3

where 0< w< 1, > 0 and a = 0. Therefore, the full pmf of ZIGPSD is
_{ fi(0), if x=0

f(x)_{fz(x), if x=1,2,...

That is,
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B a(B+3) + (B +1)? if x =
. w+(1—w)ﬁz+a[;+2a( (B +1)3 > ya=o
fG) = L B? a@f+p+N+ B+t Dax+F+HY
( _w)ﬁ2+aﬁ+206< (B + 1)x+3 >, if x=1,2,...

Note that when w = Oequation (5), reduces to new generalized Poisson-Sujatha
(NGPS) distribution devel oped by Aderoju (2020).

Probability massplotsof ZIGPSdistribution for particular valuesof w, aand 8 are
givenin Figure 1 below.

- 8
S e - - @=01--®=075 S |4 - - ©=01--®=075
3 W - - =025 ~©=095 g - - =025 -©=095
o -- ©=05 i 5 -- ®=05
N — !
~ O & =
£ S . ® S " .
g | e B=05 | ¥ o | B=05
= = =3 - 9 N
Sl o a=05 ° | i a=0,05
g | e 8 | T ——
S 1 [V T T S T ] T T
0 5 10 15 20 0 5 10 15 20
S " " 0 X X
3 -- ©=01--®=075 ° - - ©=01--@=075
e -~ =025 -®=095 s - - =025~ ~©=095
] ; ", |--®=05 o | -- ®=05
. 94 F ; " S - &
g 3] ; . . R owd ® R
1 =025 | ¥ o oy B=5
- “hmx,. G=05 2 A G=3
o i ™
8 e o - P
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Fig. 1: The pmf of ZIGPS distribution with specified parameters



12 Aderoju, A.S, Isaac, AA.

3. MATHEMATICAL PROPERTIES

Therth factorial moment E[(X),] of the zero inflated generalized Poisson-Sujatha
distribution with random variable X; if isgiven as:

3 < b 2x
tr = /ﬁfwj (1-w) Z [(x)r;e"1 ] (1 + at + ar?) e~Fida
0 x=1
3 v > Ax-T
= Bz_}_fw-f (1 — )2’ Z [(x)r T ] (1+ad+a2*) e7Ftda
0 x=1

Note that (X), = X(X — 1)(X — 2) --- (X — r + 1), therefore,

ﬁ3 < i Ax-T
" _ r§ -1 2y ,—BA
Uy ,82+a,8+2a,[(1 w)A 1[(x—r)!e ](1+a/1+0(/1)e di
0 x=

Let z=x—r,

' r A 2y ,—B2
DTS m (1—a))/1 Z[—'e ](1+a/1+a/1)e da
_1 '
/‘lZ
Z —'e')‘] =1, therefore,
Lz
ﬁB

u = (1-w) f A1+ al+ ar?) e Brda
0

B? + af + 2a
a(r+ 1) al(r+2)!
(ﬁz + a,ﬁ + 20,’) [Br+1 + ,BN'Z + Br+3

B3 : 1 a(r+1) a(r+2)F+1)
(ﬁz _+, aﬁ _+_ Za) r. ﬁ?""’-l + ‘8T+2 + ﬂr+3 :|

=(1-w)

=(1-w)

, B>+ alr+ (L +71+2) B
ur—(1~a))r![ BT alf +2) , r=12,. .. (8)
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To obtain the corresponding rt" factorial moments for the proposed distribu-
tion, thevaluesof r =1, 2, 3, ... will be substituted into (8). Below are results of
the first four moments of this distribution. When r =1, 2, 3,... and 4:

B? + 2a(f + 3)

m=0=0) g 2)
L 2[B% + 3a(f + 4)]
=00 e By a(p 1 2)
CZ 6[82 + 4a(f + 5)]
M=) T ap  2a)
(1 24[B? + 5a(B + 6)]
He= (=) s BT B 1 20)

Hence, the variance (o?) of the distribution is obtained as:

of =pp— ()*
+i

W) (B2 + a(B + 2)[2(8% + 3a(B + 4)) + F(B? + 2a(B +3))] — (1 — w)(B? + 2a(B + 3))°
¢ BB+ a2+ B))

The coefficient of variation is given as

=

cv
J(1 — @) [(87 + a(B + D)[2(8 + 3a(B + ) + BB +20(B +3))] — (1~ w)(B? +2a(8 +3))']
(1 — w)(B% + 2a(8 +3))
The probability generating function (PGF) of the distribution can be
expressed as follows:

[0]

() = ) ¢ f)
x=0
B3 B+1-t)+aB+1-1t)+2a 9)

=w+(1_w)ﬁ2+aﬁ+2a (B+1-1t)3

ThisPGF canalso beusedto obtain moments. For exampl e, thefirst momentis
givenas n, (t =1), where
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;o Anx (0 1-2t+2B+t2—=2tB+ B2 +2a(4—t+B)

nx(t)——dt —(1—a))< G+ 105"+ af + 2a) )

Hence, _ .. __ 9@ _ ~  B*+2a(f+3)
u=nxt=1=—7 t:l_(l w)ﬁ(ﬁ2+a([3+2))

as obtained earlier.

4, MAXIMUM LIKELIHOOD ESTIMATESOF THE PARAMETERS
The likelihood function of the ZIGPSD is:

n

Llw,a,B) =1_[[w+(1—w)

B3 (a(ﬁ +3)+ B2+ 28+ 1))]

L B*+apf +2a B+13
1
ot (10)
B3 a(x?+B+3)+ (B +Dax, + (B2+28+1D)
— cu) Bz + aﬁ + 20[( (ﬁ + 1)xi+3 >]

The log-likelihood function of the ZIGPS(a, 8, ¢ can be expressed as follows:

C B a(B+3)+ (B2 +28 +1)
L=;log[w+(1—w)B2+aﬂ+2a< )]

(B +1)3
+ l 1
Z " [( (11)
B3 a(x?+B+3)+ B +Dax; + (B2 +2+1)
—w) B2+ af + 2a< (B + 1)xit3 )]

Theestimatesof the parametersinthenonlinear equation (11) canbeobtained
by numerical optimization using “optim” or “nlm” functionsin the R software (R
Core Team, 2021).

5. SIMULATION STUDY

In this section, a simulation study to examine the goodness-of-fit performance of
theZI GPSispresented. A maximumlikelihood estimation schemewasimplemented
within the R environment to carryout model fitting for the ZIGPS model. The
ZIGPSiscompared with the Poisson, ZI P and NGPSdistributions. The assessment
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is done under various settings of sample sizes and proportion of excess zeros. All
simulations were carried out in the R environment.

51SIMULATION SETTING
The simulation settings for the three cases considered are defined as follows.

Case 1. The data are from a Poisson distribution with parameter A. We
considered cases of A =5, 50at sample sizes of n = 20, 50, 200.

Case 2: Thedata are from a ZIP distribution with parametersA=10and w =0.1,
0.2, 0.50,8. We considered sample sizes of n = 50, 200.

Case 3: Thedataarefrom aZlGPS distribution with parameters a = 0.03, 3=0.8
and w=0.1, 0.2, 0.5, 0.8. We considered sample sizes of n = 50, 200.

52 SIMULATION RESULTS

The performance of the methods were evaluated over 100 replications of each
case discussed above. The evaluation criteria are: Loglikelihood (Loglik),
Akaike information criterion (AIC) and the Bayesian information criterion
(BIC). TheAlCand BIC aredefinedasAIC = -2L + 2p and BIC = -2L + p(log
n), where L istheloglikelihood, p isthe number of parametersto be estimated
for the model and n isthe number of observations. Tables 1-3 summarizes the
means of Loglik, AIC and BIC over 100 replications. It should be noted that
higher Loglik and lower AIC and BIC indicate better fit (Hastie, et al., 2001,
Adeniyi et al, 2018).

Table 1 presentsthe resultsfor case 1 where the data are Poisson distributed.
Theresultsindicate that at A= 5, the performance of Poisson and ZIP are similar
across all the sample sizes considered. The performance of the ZIGPSisthe least
as expected since the data do not contain excess zeros.

Theresultsfor case 2, wherethedatafollow theZI Pdistribution, arepresented
in Table 2. Under this setting, the ZI P produced the best performance followed by
the ZIGPS across the various levels of excess zeros and sample sizes. The least
performance, as expected, was produced by the Poisson distribution as the data
were zero-inflated.

Table 3 presentsthe resultsfor case 3, where the generated data are from the
ZIGPS distribution.
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Tab. 1: Meansof for Loglik, AlC and BIC over 100 replications for Poisson distributed

data (CASE 1).

n A Model Loglik AIC BIC
Poisson -43.95 89.90 90.89
5 Al -43 .81 91.62 93.61
NGPS -48.07 100.14 102.13
20 ZIGPS -48.20 102.40 105.39
Poisson -67.28 136.56 137.55
50 ZIP -67.28 138.56 140.55
NGPS -87.42 178.84 180.83
ZIGPS -92.94 191.89 194 .88
Poisson -109.27 220.54 22245
5 Al -109.16 222.32 226.14
NGPS -120.31 244.62 248.45
50 ZIGPS -120.36 246.71 252.45
Poisson -167.94 337.87 339.78
50 Z1P -167.94 339.87 343.70
NGPS -218.30 440.60 444,43
ZIGPS -232.77 471.54 477.28
Poisson -441.32 884.65 887.95
5 Z1P -441.05 886.11 892.70
NGPS -482.28 968.57 975.16
200 ZIGPS -482.46 970.91 980.81
Poisson -675.08 1352.16 1355.46
50 Z1P -675.08 1354.16 1360.75
NGPS -873.39 1750.77 1757.37
ZIGPS -969.52 1945.04 1954.94
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Tab. 2: Meansof for Loglik, AIC and BIC over 100 replicationsfor Zero-inflated Poisson

(ZIP) distributed data (CASE 2).

n w Model Loglik AIC BIC
Poisson -160.49 322.98 324.89

0.1 ZIP -130.54 265.08 268.9
NGPS -151.08 306.17 309.99

ZIGPS -147.57 301.13 306.87

Poisson -188.11 378.22 380.13

0.2 ZIP -127.21 258.41 262.24
) NGPS -150.74 305.49 309.31
50 ZIGPS -142.16 290.32 296.06
Poisson -234.73 471.46 473.37

0.5 ZIP -98.03 200.05 203.88
) NGPS -133.59 271.18 275.01
ZIGPS -108.30 222.61 228.34

Poisson -182.87 367.74 369.65

0.8 ZIP -50.23 104.45 108.28
) NGPS -92.65 189.30 193.13
ZIGPS -57.74 121.48 127.22
Poisson -649.59 1301.18 1304.47
200 0.1 ZIP -524.88 1053.77 1060.36
NGPS -605.85 1215.69 1222.29

ZIGPS -591.02 1188.03 1197.93
Poisson -766.26 1534.52 1537.82
0.2 ZIP -510.97 1025.93 1032.53
) NGPS -604.16 1212.32 1218.92
ZIGPS -568.17 1142.34 1152.24
Poisson -944 .54 1891.07 1894.37

0.5 ZIP -395.70 795.41 802.00
) NGPS -535.13 1074.26 1080.86
ZIGPS -433.96 873.92 883.81
Poisson -745.72 1493 .45 1496.74

0.8 ZIP -202.37 408.73 415.33
) NGPS -376.10 756.20 762.80
ZIGPS -235.75 477.5 487.39
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Tab. 3: Meansof for Loglik, AlC and BIC over 100 replicationsfor Zero Inflated
generalized Poisson-Sujatha distribution (ZI GPSD) distributed data (CASE 3).

n w Model Loglik AIC BIC
Poisson -91.60 185.20 187.11
0.1 ZIP -82.07 168.14 171.96
) NGPS -78.90 161.80 165.62
ZIGPS -78.36 162.71 168.45
Poisson -90.08 182.16 184.08
0.2 1P -77.23 158.46 162.28
) NGPS -75.02 154.05 157.87
50 ZIGPS -73.59 153.19 158.92
Poisson -73.42 148.83 150.74
0.5 ZIP -56.27 116.55 120.37
) NGPS -59.03 122.07 125.89
ZIGPS -54.61 115.23 120.96

Poisson -43.87 89.74 91.66

0.8 ZIP -28.90 61.81 65.63
) NGPS -35.08 74.16 77.98
ZIGPS -28.35 62.71 68.44
Poisson -373.29 748.57 751.87
0.1 ZIP -332.34 668.67 675.27
) NGPS -320.03 644.06 650.66
ZIGPS -318.57 643.14 653.04
Poisson -358.67 719.34 722.64
0.2 ZIP -310.75 625.5 632.09
) NGPS -300.47 604.94 611.53
200 ZIGPS -296.97 599.94 609.84
Poisson -294.83 591.66 594.95
0.5 ZIP -229.11 462.22 468.81
) NGPS -236.72 477.44 484.04
ZIGPS -220.71 447.42 457.32

Poisson -171.65 3453 348.6
0.8 ZIP -114.04 232.09 238.69
) NGPS -138.09 280.18 286.78
ZIGPS -110.83 227.66 237.55

6. APPLICATIONSTO REAL LIFE DATASETS

To examine the goodness-of-fit of the ZIGPSD in modelling zero inflated as well
as overdispersed count data sets, we use two real data sets. The first datareferred
to the counts of cysts from 111 steroid-treated kidneys (McElduff, et al., 2010;
Kumar & Ramachandran, 2019) while the second data were the number of
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Mammalian Cytogenetic dosimetry Lesions in Rabbit Lymphoblast induced by
lymphoblast streptonigrin (NSC-45383), exposure- 60 ug/kg provided by Shanker
and Fesshaye (2016). The model evaluation in this section was based on the chi-
squared (x?) goodness of fit test to compare between observed (O,) and expected
(E;) values of dataaswell asthe AIC and BIC:

V2 = s}' ._
where pisthenumber of parametersandisthenumber of classesafter thedatahave
been grouped into a frequency distribution.

The observed mean and variance are 1.486 and 7.07027 respectively, which
indicate presence of overdispersion. Moreover, the expected zero countsinthedata
are 25, that is, 111 x 1486 = 25,104 while there are 65 zeros in the data, which
indicate presence of excess zero. With these evidences, it is clear that the Poisson
model is not appropriate for this data set.

Going by the rule proposed by Lawal (1980), that expected value can be as

small as # (whereristhenumber of expected valueslessthan 3and disthedegree

of freedom under such model) without violating the X? assumption. Hence, the
minimum expected values required from the ZIGPSD for this dataset 1 will be

;
7 =0.2592; only 7 expected values are less than 3 and the degrees of freedom df

= 9 Hence, since there is no expected value less than 0.259, there is no need to
collapse cells. However, the minimum expected values from Poisson, ZIP and
NGPS distributions are 0.2192, 0.1897 and 0.2214 respectively. Therefore, cells
less than the values were collapsed as shown in Table 1 and the degree of freedom
adjusted appropriately.

Based on the computed values of X2 statistic given in Table 4, it is obvious
that the ZIGPSD fitsthe datawell (p-value=0.7675) while ZI P (pvalue < 0.0001)
and NGPS (pvalue < 0.0001) distributions failed to fit the data at 5% significant
level. It isworthy of note that Kumar & Ramachandran (2019) fitted zero inflated
Hermite(ZIH), zeroinflated generalized Poisson (ZI GP), Negative Binomial (NB)
and zero inflated Negative Binomial (ZINB) distributions among others to this
same dataset. Their results showed that even ZINB distribution failed woefully at
fittingthedata, only ZIH distribution slightly fit at 5% level of significance(having
pvalue = 0.0914).



20 Aderoju, A.S, Isaac, AA.

Tab. 4: Observed and expected frequenciesfrom fitted modelsto thetwo data set on counts

of cystsfrom 111 steroid-treated kidneys

X Observed | Poisson ZIP NGPS ZIGPS
(count) Freq.
0 65 25.1 65.0 453 65.0
1 14 373 5.1 26.4 13.1
2 10 27.7 8.9 15.6 9.2
3 6 13.8 10.3 9.3 6.6
4 4 5.1 8.9 5.6 4.7
5 2 1.5 6.2 3.4 3.4
6 2 0.4 3.6 2.1 2.5
7 2 0.1 1.8 1.3 1.8
8 1 7.1=400 0.8 0.8 1.3
9 1 0.0 0.3 0.5 1.0
10 1 0.0 04=101 03 0.7
11 2 0.0 700 0.7 =10.2 0.5
12 1 0.0 0.0 0.2 1.2
Total 111 111 111 111 111
MLE A =1.4865 1 =3.4760 @ =0.0311 @ = 0.0263
B = 0.5724 £ =08074 £ =05280
D = 04162
Loglik -263.2722 -191.866 -184.8609 -172.8206
X2 104.8565 76.6887 35.0950 5.720
(P-value) (<0.0001) (<0.0001) <0.0001 (0.7675)
dr 3 7 7 9
AIC 528.5444 387.7321 373.7219 351.6413
BIC 526.5444 383.7321 374.6917 359.7699

Tab. 5: Observed and expected frequenciesfrom fitted modelsto the data set on number of
Mammalian Cytogeneticdosimetry L esionsin Rabbit L ymphoblast induced by

streponigrin (NSC-45383), exposure - 60 ug/kg.

X Obs. Freq Poisson 1P NGPS ZIGPS
(count)
0 413 374.0 413.0 408.6 413.0
1 124 177.4 116.0 130.1 124.1
2 42 42.1 52.1 42.0 4.1
3 15 6.6 15.6 13.7 14.4
4 5 0.8 3.5 4.5 4.9
5 0 0.9=40.1 0.6 1.5 1.7
6 2 0.0 0.2 0.6 0.8
Total 601 601 601 601 601
MLE 1=04742 1=10.8990 @ =0.1472 & = 0.2514
» = 04725 B = 24154 B = 24160
o = 0.0702
Loglik -582.6775 -559.5806 -556.4111 -556.1823
X? 72.1766 19.9756 0.5171 3.5273
(P-value) (<0.0001) (0.0005) (0.2598) 0.3172)
df 3 4 4 3
AIC 1167.355 1123.161 1116.822 1112.365
BIC 1169.247 1119.161 1116.406 1112.365
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The observed mean and variance are 0.4742 and 0.7397 respectively, which
indicate presence of overdispersion. Moreover, theexpected zero countsinthedata
are 374, that is, 601 x e94742= 374 while there are 413 zeros in the data, which
indicate excess zeros. With these evidences, it is clear that Poisson model is not
appropriate for this second data set.

Similarly, based on the values of X2 statisticin Table 5, the results shown that
ZIGPSD (with pvalue = 0.3172) and NGPSD (pvaue = 0.2598) fits the data well
while Poisson (pvalue < 0.0001) and ZIP (pvalue = 0.0005) distributions failed to
fit the data at 5% level of significance.

Moreover, the minimum expected values required from the ZIGPSD for this

dataset will be % = 0.3849; only two expected values are less than 3 and the

df = (7-3-1) = 3. So, there is no need to collapse cells except for Poisson model -
where we collapse cells X =4, 5 and 6.

7. CONCLUSION

In this paper we proposed the zero inflated Generalized Poisson-Sujatha (Z1 GPS)
distribution and derived some of its mathematical characteristics. Maximum
Likelihood Estimates of the parameters through direct maximization of the log-
likelihood functionisproposed andimplemented numerically usingthe R software.
A simulation study was used to examine the goodness-of-fit performance of the
ZIGPS distribution. Results from simulation study revealed that the ZIGPS -
distribution is a good aternative for modelling count data with excess zeros. ) =
Application of themodel wasmadetotwo real datasets. It hasal so been shownthat
the proposed model fitsthe two data setswell at 5% significant level. Note that the
model performs extremely well in the two data sets, which makes it a model to
reckon with in modeling zero inflated count data that is highly overdispersed. R
codes used in this work are available on request from the authors.
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Abstract. The COVID-19 pandemic has had a dramatic impact on many dimensions of
living and wor king conditions, and uncertainties about the devel opmentsthat we shall still
facein the near future. This paper analysesthe implications of a forced overnight push to
online teaching. Drawing upon an online survey conducted during the 2020 lockdown by
the University of Modena and Reggio Emilia, this article describes students’ living and
studying conditions revealed by a large set of open and closed questions. The survey
provides significant information on the students’ real off-campus conditions, crucial data
for the multidimensional analysis by combining non-parametric multivariate analysis of
closed questionswith textual analyses. It offersimportant indications about the most useful
toolsfor inclusive teaching across thematic areas and highlights the main difficulties that
emer ged during thelockdown. Refl ectionson advantagesand disadvantages, strengthsand
weaknessesin theinnovativelearning environment set up overnight are offered at a policy

level.

Keywords: Covid-19, Online teaching, Student satisfaction, Student engagement.

INTRODUCTION

After Ching, inItaly and suddenly all over theworld, the health emergency brought
about by COVID-19triggered aradical andrapid changeinuniversity life.InMarch
2020, remote teaching became the rule almost overnight in all Italian universities,
with drastic consequences for the length and depth of the organisation of both
students and lecturers. Classes, examinations and laboratories were suddenly
reorganised by acollectiveeffort that benefited from previous experimentation and

1 Corresponding author Margherita Russo, email: margheritarusso@unimore.it
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innovation in teaching methods. Not only did the technical and remote delivery of
al classeslie at the core of the challenge, but also the array of tools and practices
concerning emergency teaching (Hodges et al., 2020) that could build on existing
practices. Here, the goa istoillustrate the lessons learnt by listening to students,
building on a survey tool setup to evaluate students’ feelings and socioeconomic
living conditions. The online survey conducted by the University of Modena and

Reggio Emilia(Unimore) investigated the material and socioeconomic conditions

of itsstudentsduring thelockdown, how they coped with the pandemic and how the

remote teaching system affected organisation of their studies (methods and plans).

In short, we sought to eval uate the consequences of social and physical distancing

—asapractice imposed in order to cope with the pandemic.

The specific open and closed questions formulated in the questionnaire
enabled usto investigate the following issues:

« What material and study conditionscharacteri sethosestudentswho participated
inthesurvey during the COVID-19 emergency period and what the mainissues
throughout this period were (Section 3.1).

*  What the effects of the online teaching system on the students' plans were
(Section 3.2).

» What driversexplain the degree of satisfaction with the online teaching system
(Section 3.2).

» How many the typical profiles (and their characteristics) among students are
(Section 3.3).

*  Which new policy measures and actions can be implemented in order to help
students and to increase their level of satisfaction after the emergency period
(Section 5).

We have investigated these issues with descriptive analyses as well as by
meansof supervised and unsupervised multivariatemethods. Thepaper isorganised
asfollows: Section 2 describes the survey and the data. Section 3 reportsthe main
results obtained performing: simple descriptive statistics (Section 3.1), random
forest models implemented to explain the effects of the online teaching system
(Section 3.2), multivariate analyses sought to identify homogeneous groups of
students (Section 3.3), textual analysis on open questions (Section 3.4). Section 4
discussesthefreetext answerscollected through the survey: beyond theemergency
condition, it provides a fuller picture of the inequalities that students face during
their academic liveswhile Section 5 concludeswith some considerationsfor future
university policies. Annexes present detailed results. The database is available
online at http://dx.doi.org/10.25431/11380_1272288.
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2. THE SURVEY

The survey covered 27,792 students, categorised by: department, type of study
(bachelor’'sdegree, master’ sdegree, 5-year or 6-year degree), statusin completing
or not completing university examinations in the prescribed time (the status of
regular/not regular is a peculiar characteristic of the ltalian university system),
ECTS credits, gender. The rate of complete answers was 19.2%, we therefore
obtained a sample of 5,341 students.

The participation rate greatly varies by area and department, with a higher
participation of students enrolled in the Society and Culture syllabus. Considering
thetypeof degreecourse, theyear of enrolment, thecreditsachieved andthegender,
the response percentages in the sample are similar to the percentages of those
enrolled studentsin the popul ation only for somevariables(see Table 1). Wedid not
decide to weight the observations.

Theonlinesurvey wascarried out utilising Survey Monkey, withanindividual
link sent to the students. The questionnaire consisted of 36 questions grouped into
four sections: (i) genera information on trips home triggered by the emergency,
living conditions and ongoing problems and changes; (ii) the organisation of study
with respect to the teaching materials available, the timing and methods of the
organisation of study; (iii) distance learning, with the focus on attendance and
satisfaction, specific difficulties, conditions of concentration and interest, aspects
that were missing and those that were appreciated, open questionson strengthsand
weaknessesof distancel earning and suggestionsand proposals; (iv) information on
internships and working conditions. Annex 1 reports labels and short descriptions
of variables used in the analyses.
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Tab. 1: Frequency distributions of respondents and not-respondents considering the post-
stratification variables

Enrolled Completed Enrolled Completed Response
students (n) survey (n) students (%) survey (%) rate (%)

Total 27792 5341 100 100 19.2
Health 2434 478 8.76 8.95 19.6
Life 1906 306 6.86 5.73 16.1
Science 1859 262 6.69 491 141
Area Society and 14199 3310 51.09 61.97 233
Culture
Technology 6956 981 25.03 18.37 14.1
Erasmus 438 4 1.58 0.07 0.9
L - Bachelor's 17757 3287 64.40 61.68 185
Degree
Current LM - Master's 5636 1132 20.44 21.24 20.1
degree Degree
course LM5 - Master’s 2747 597 9.96 11.20 21.7
Degree 5 years
LM6 - Master’'s 996 309 3.61 5.80 31
Degree 5 years
Erasmus 438 4 1.59 0.08 0.9
1 Yeads 1214 27.98 22.73 15.6
2 5239 1264 18.85 23.67 24.1
Year of 3 7367 1321 26.51 24.73 17.9
enrolment 4 3030 677 10.90 12.68 22.3
5 4170 818 15.00 15.32 19.6
6 208 47 0.75 0.88 22.6
N/A 1 0 0.00 0.00 0
Quartiles Q1 8418 1134 30.29 21.23 135
of Q2 6889 1440 24.79 26.96 20.9
archivied Q3 6645 1525 2391 28.55 229
credits Q4 5336 1236 19.20 23.14 23.2
N/A 504 6 181 0.11 12
Female 14379 3511 51.74 65.74 24.4
Gender Mae 12973 1825 46.68 34.17 141

Not Responding 440 5 1.58 0.09 11
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3.RESULTS

3.1 DESCRIPTIVE ANALYSIS

We first summarise some important features that emerged from the univariate
descriptive analyses of the dataset.

The surprise of the lockdown did not greatly affect the need of students to
change their accommodeation: 73.4% of students were living with their families, a
tiny 15% needed or wanted to go back to their hometowns (mainly in distant regions
such as Apulia, Basilicata or Sicily), and 11.6% remained in their community,
student housing or apartment. Remote teaching had an impact on their studying
conditions as did the digital resources they were able to use, such as electronic
devices, internet connections and private spaces, to consult and browse class
materials. Whilst aslight majority of students (53.4%) had their own private room
wherethey could follow remote teaching and study, almost one fourth had to share
the room or the computer with siblings, and more than one tenth could use a
workstation for only a tiny fraction of the day (2-3 hours). Although the vast
majority of respondents had apersonal computer, therewere 25% that did not: they
asked a friend or relative to borrow their computer or were forced to use a
smartphone. Whilst this could underminethe quality of remoteteaching, it proved
to be amajor problem when it came to taking examinations. Overall, the Internet
connectionwasnot aproblem except for 14% of respondents. Themessageisclear:
theinfrastructuresthat campusfacilitiesoffer arecrucial for equalising thechances
of studying effectively.

How remote teaching affected studying is revealed by the difficulties that
emerged regarding self-organisation and the situation at home. A large 40% of
respondentsreported encountering major difficultiesin self-organisingtheir studying
at home (listening, taking notes, assimilating content) and 9% (with astrong gender
bias) declared that they had to take time away from their studying and instead
prioritise domestic chores and responsibilities. Although one fourth declared that
they were not in any way affected by the remote teaching, one fifth declared that
they studied more hoursand felt |ess prepared, while 15% needed moretimeto use
the recorded classes. The impossibility of studying with colleaguesin the library
wasfelt asabarrier and aproblem in the personal organisation. As discussed more
thoroughly in Section 5, thesefindingsdemonstratethat not only material conditions,
but also emotional and relational ones are crucial in defining a (more or less
effective) study ecosystem.

Overall, theremoteteaching system proved to be apositive experiencefor the
majority of the students: 25% gave ascoreof 8 (on ascalefrom 1 to 10) whilst 50%
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gaveamedian 6.4 score. I nterestingly, students declared that their main difficulties
werethefollowing: 70% spent more time browsing and studying compared to the
offline teaching experience; 60% felt that the absence of engagement with the
lecturer was a problem; 60% had major difficulties in concentrating for personal
(lack of motivation, no peer contact) or structural reasons (juggling the multiple
teaching tools available, poor home material conditions).

3.2 A STUDY OF THE EFFECTS OF ONLINE EDUCATION ON STUDENTS
STUDY PLANS

Theaim of the analysisisto evaluate if variationsin students' study plans depend
on university career features as well as on students' satisfaction with the online
teaching.

We adopted the random forest algorithm (Breiman, 2001) with the target
variable d20 “ Compared to the plansyou had for this semester, indicate where you
are with your preparation in the various subjects’ and input variables regarding
living conditions, ongoing problemsand changes, organi sation of studies, distance
learning (inAnnex 1)2. Theoriginal target variablewas acategorical variablewith
5 modalities and, in order to prevent imbalanced data problems, two substantially
negligible classes were excluded from the analysis (Table 2). The random forest
model had, overall, agood predictive performance: the error rate was about 33%.

Tab. 2: Frequency distribution of modalities of variable D20

Number % of % of used
respondents answers
| am keeping abreast of all subjects 1197 224 235
I’m behind in some subjects 2827 529 55.4
I’m behind in al of my subjects 1080 20.2 21.2
| decided not to prepare any exams 23 0.4
Other (specify) 214 4.0
Sum 5341 100.0 100.0

When using a random forest algorithm, it is possible to rank the predictor
variablesaccording to their importance. Different indices can be used to determine
the importance of the explicative variables in explaining the target variable. More
specifically, we used a multi-way importance plot that combines some of these
indices.

2 Open questions of those sections are not included in this analysis.
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Inthecaseof qualitativevariabl es, such asquestion d20, theplot uses: i) Mean
Decrease Accuracy, which expresses how much accuracy the model loses by
excluding each variable; ii) Mean Decrease Gini, which is ameasure of how each
variable contributes to the homogeneity of the nodes and leaves in the resulting
randomforest; iii) Mean Minimal Depth, based onthe minimum depth of avariable
inatree, i.e. the depth of the node that splits on that variable and is closest to the
root of the tree.

The higher the value of Mean Decrease Accuracy or Mean Decrease Gini
scoreis, the higher theimportance of thevariablein themodel is, and, in arandom
forest, if the Mean Minimal Depth islow then many observations are divided into
groupsbased onthisvariable. Figure 1 (multi-way importance pl ot) showsthe most
important variables, whose impact can be analysed with the partial dependence
plots (Figure 2).

The partial dependence plot (PDP) showsthe marginal effect that one or two
features have on the predicted outcome of a machine learning model (Friedman,
2001). The PDP makes it possible to highlight whether there is a dependency
between the target variable and a set of input features of interest and to show
whether the relationship between the target and a feature is linear, monotonic or
more complex. The output isaplot, in which we have in abscissathe values of the
input feature and in ordinate, in the case of classification problems (asin the case
of question d20), the probability of belonging to aclassof thetarget variable, while,
in the case of a continuoustarget variable (d23), the value estimated by the model
at the different values of the explanatory variable.

We observe the following impacts on the target variable d20 (student’s
performance in preparing the various subjects):

— being able to organise (d25 5: | can't organise my daily study activities
effectively) impacts on the performance;

— asexpected, proceeding equally with all the subjects (d21_1: | amprogressing
equally onall the subjectstaught inthissemester) positively impactsonkeeping
abreast of all subjects;

— with respect to distance learning (d22: Are you following the distance learning
activities provided by your study programme?), there is a direct relationship
between the amount of distance learning and keeping abreast of all subjects;
there is an inverse relationship with those who are behind all, while the
relationship is not monotonous with those who are behind by some subjects;

— lessonsaccumulation(d24_1: Theaccumulation of lessonsiscreating difficulties
for me) has a direct relationship to those who are behind on everything, and
obviously not for those who are keeping abreast of all subjects;
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Fig. 1: Multi-way importance plot [d20]

Legend: top variables (blue) are those in the highest eight positions of the new variable importance
that is obtained by combining the three criteria, i.e. the mean decrease accuracy, the mean decrease
Gini and the mean minimal depth (mean_min_depth); non-top variables (black) are all remaining
variables. In the mean minimal depth, the size of dots indicates the mean of the minimal depths (1,
2,...)inal trees. Thelowest values are the closest to theroot of the tree and, therefore, if the size of
avariable islow, then many observations are divided into groups based on this variable.

— as expected, those who have prioritised some subjects (d21_2: | have given
priority to certain subjectstaught in thissemester) are behind on some subjects;

— how studentsrearranged the study (d18: How did you rearrange your studying
times?) seems to have an effect on falling behind in some subjects, while not
seeming to affect keeping abreast or falling behind on all subjects.



Learning Online: Remote Teaching and University Sudents' Engagement 31

In general, from the partial dependence plots (Figure 2) we observe that the
most important input variables listed above mostly influence students that are
behind in some subjects compared with the plans they had for the semester3.

Theanalysisof theaspectsinfluencing thelevel of satisfactionwiththeonline
teaching system can be considered afirst step in understanding how to improvethe
online experience. For thisfurther analysis, we consider variable d23 asthe target

d25_ 5 d21_1
keeping abreast behind some ‘ behind all keeping abreast behind some ‘ behind all
0.6 = 0.6
05 05
_g 0.4 _g 04
0.3 ] 03
02 — 02
12 3 41 2 3 41 2 3 4 No Yes No Yes No Yes
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06 = 06 =
05 05
o4 So4
0.3 —— 03
02 1 - 02 1 —
1 2 3 41 2 3 41 2 3 4 1 2 3 41 2 3 41 2 3 4
d21_2 d18
keeping abreast behind some behind all keeping abreast behind some behind all
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_g 04 _g 0.4
0.3 03
0.2 0.2
No Yes No Yes No Yes abcdef abcde f abocdef

Fig. 2: Partial dependence plot [d20 vsd25_S5, d21_1, d22,d24 1, d21_2, d18]

Legend: variablesd25 5, d22, d24 1 areinaLikert scale (1-4) with the following modalities: 1 Not
at al | 2 Barely | 3 Enough | 4 Very much

d21 1 and d21_2 are dichotomy variable (yes/no)

Variable d18 has the following modalities:

a Other (specify)

b | am studying as| used to, in terms of hours

¢ | study less because online lessons require less effort

d | study more because online classes require more effort

e | study more, but my level of preparation seemsto be lower

f 1 study more, because | don’t have to leave

8 Thecentral category (“behind some”) isthe most frequent in the dataset, so thereis ahigher
probability of belonging to this class, however the objective of the PDPsisto visualise the
effect induced by the changes in explanatory variables (d25_5, d21 1, d22,d24 1, d21 2,
d18) on the target variable d20.
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variable (“How satisfied are you with your global distance learning experience?’,
score range 1-10). The regression random forest provides a quite good result in
terms of adaptability, with the explained variance equal to 50.24% (the mean of
sguared residualsis 2.18).
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Fig. 3: Variableimportance and multi-way importance plot of the dimensions affecting how

satisfied students werewith their distance learning experience [d23]
Legend: top variables (blue) are those in the highest eight positions of the new variable importance
that is obtained by combining the three criteria, i.e. the mean increase of mean squared error (%
Inc.M SE), meannodepurity increase (incNodePurity) and themean minimal depth (mean_min_depth);
non-top variables (black) are all remaining variables. In the mean minimal depth, the size of dots
indicates the mean of the minimal depths (1, 2, ...) in all trees. The lowest values are the closest to
theroot of thetree and, therefore, if the size of avariableislow, then many observations are divided
into groups based on this variable.
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The different methods utilised for assessing variable importance provide
different rankings-that can be summarised through a multi-way importance plot
(Figure 3). In this case, as the target variable is continuous, the multi-way
importance plot was built using: i) Percentage increase in mean square error
(%l ncM SE), anal ogousto accuracy-basedimportance, andiscal cul ated by shuffling
the values of the out-of-bag samples, ii) Increase in node purity (incNodePurity),
analogous to Gini-based importance, and is calculated based on the reduction in
sum of squared errors whenever avariable is chosen to split.

Figure 4 analyses in detail the relationships that link the most important
variables(highlightedin Figure3) tothetarget variable. Fromthepartial dependence
plotsweaobservesubstantially linear rel ationships. Theresultsshow that satisfaction
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Fig. 4: Partial dependence plot of the top important dimensions affecting how satisfied
students were with their distance lear ning experience [d23]

Legend: all variables arein a Likert scale (1-4) with the following modalities: 1 Not at all | 2
Barely | 3 Enough | 4 Very much

d29 9 The commitment of teachersin teaching and in keeping us updated

d29 12 The readiness and the efforts poured by the University into setting up distance learning, as
well as ad hoc initiatives like this one

d24 2 | don't know how to extricate myself among the different recordings

d29_10The prompt uploading of the recorded lessons

d24_4 | find it difficult to follow the lessons and therefore to take good notes

d29_14The awareness of having all the resources of the course available at all times and
everywhere

d22  Areyou following the distance learning activities provided by your study programme?

d24_5 the absence of involvement during the lesson makesit difficult for me to stay focused
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increases concomitantly with appreciation for the commitment of lecturers(d29_9
and 29 10), the readiness and efforts made by the university to organise distance
learning (d29_12) andto provideall theresourcesnecessary for studying (d29_14),
and the share of attendance on distance learning activities (d22). Conversely,
sati sfaction decreaseswith respect to three variabl es; the difficulty in knowing how
toextricateoneself betweenthedifferent recordingsincreases(d24_2), thedifficulty
in following the lessons and therefore taking good notes (d24 _4) and the absence
of involvement during the lesson that makesit difficult for studentsto stay focused
(d24_5).

3.3 DEFINING HOMOGENEOUS GROUPS OF STUDENTS AND TYPICAL
PROFILES

The multivariate analysis of the closed questions intends to classify students by
considering the combinations of all material conditions and choices related to
studies and life organisation. The 48 variables under analysis belong to threemain
groups. Ongoing problems and changes; Organisation of study with respect to the
teaching materials available, the timing and methods of the organisation of study;
Distancelearning®. We applied the Partitioning Around M edoids algorithm (PAM)
(Schubert and Rousseeuw, 2019) with the Gower’s similarity index. A feature of
thisalgorithmistheindependence from the dataorder unless some of the distances
among objectsaretied (Kaufman and Rousseeuw, 2005, p. 104), aswasthecasein
our dataset®. In order to eval uate the optimal number of groupsto beusedin PAM,
weanalysed the silhouette coefficientsfor anincreasing number of partitions(from
2 to 15) (Hennig and Liao, 2013; Rousseeuw, 1987). We choose the 8-cluster
partition because al groups have a similar relative importance in terms of
frequencies®.

4 Thevariables under analysis are: Ongoing problems and changes (d15_7, d15_11), Organi-
sation of study with respect to theteaching material savailable, thetiming and methods of the
organisationof study (d17,d18,d19,d20,d21_1,d21 2,d21 4),Distancelearning(d22,d23,
d24 1, d24 2,d24 3,d24 4,d24 5, d24 6, d24 7,d24 8, d25 1, d25 2, d25 3, d25 4,
d25_5,d25 6,d26,d27,d28 1,d28 2,d28 3,d28 4,d28 5,d28 6,d28 7,d29 1,d29 2,
d29 3, d29 4, d29 5, d29_6, d29 7, d29_8, d29 9, d29 10, d29 11, d29 12, d29 13,
d29_14). Detailed description of each variableisavailablein Annex 1. The selection of the
48variablesunder analysisexcludesall thevariables(bel onging to thethreemain groups) that
show not significant variability in the dataset. Detailed data on variability can be obtained
upon request to the authors.

5 We seethisfeaturein the similarity matrix. As expected, with avery large number of units
and categorical and discrete variables (with few values), many some pairwise similaritiesin
the matrix are equals.

6 Detailed results can be obtained upon request to the authors.
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In what follows, the groups of students will be described with respect to the
partitioning variables and to the information on each student’s status of her/his
university career (Areaof studies, Degree course, Year of enrolment, Quartiles of
achieved credits) and Gender.”

cl-cql: The Satisfied: students fully satisfied with the online teaching. This cluster

cl-cg2:

cl-cg3

contains about 8% of the students, mainly female, attending the 3rd year of
a5 or 6-year course, who belong to departmentsin the areaof Life, Health
and Science. Thesestudentshavegenerally acquired anumber of creditsfar
below the median level of the credits acquired by students attending the
same course and the same year. They were enthusiastic about online
teaching and did not have any problem with e-learning or interpersonal
communications. They owned all the necessary information technology
tools and stated that they studied more than ever, now that they had more
free time and they did not have to spend time in commuting. They did not
seeany negativeaspectsasregardsrel ationshipswithlecturersor classmates
andintheorgani sation of study. Moreover, onlineteaching did notinfluence
their concentration and their ability to focus.

TheDiligent-but-Detached studentswho werecompliant but disapproving.
This cluster contains about 14% of the students, mostly female, mainly
belonging to departments in the Society and Culture area, who were
attending the 4th year and with anumber of creditsacquired bel ow or equal
to the median. They attended online classrooms (only on sometopics) and
had a good opinion of the online lessons. They were able to dea with the
new teaching system, but they were disappointed with some aspects of it.
The Hostile: students against the online teaching. This cluster contains
about 11% of the students, mostly males enrolled on a master’s degree
course in technology with a number of credits acquired far above the
median. The main drawback was the absence of interaction between
students and lecturers and among students, probably because the area of
study requires laboratory experience that cannot be replaced by online
teaching. They attended |ectures, studied all subjectswith morededication
thaninthepre-COV D period. Yet, their knowledgeand skillswere deemed
not satisfying.

7 Annex 2 presents data on the composition of each cluster according to the university status

and gender. Annex 3 displays the bi-plots of the simple correspondence analysis; Annex 4
displaystheboxplotsof thestudents’ satisfactionwith thedistancelearning experience (d_23
How satisfied are you with your global distance learning experience? graded from 1 to 10),
by cluster.
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cl-cg4:

cl-cg5:

cl-cg6:

cl-cqr:

cl-cg8:

TheConfused: theoverall baffled students. Thiscluster containsabout 15%
of the students, mainly female, belonging to the Science, Health and Life
scientific areas and attending the 3" year of a 5- or 6-years course. In
general, these students had a number of acquired credits far below the
median level. Even though they appreciated the online teaching system,
they did not attend online lessons. They had difficulties with studying at
homebecausethey werenot ableto concentrate. However, they did not miss
the organisation of teaching before the COVID period and appreciated
some aspects of the online system, such as more free time and the absence
of commuting to attend lessons.

The Enthusiastic: the passionate and eager students. This cluster contains
about 11% of the students, mainly male, belonging to the Technology and
Science areas and attending amaster’s degree course. They had acquired a
number of creditsabovethe median level. They did not have any particular
problems, attended lessons online and appreciated online teaching. They
studied more than in the pre-COVID period because they had more free
time. They were able to concentrate and were able to schedule tasks. The
online teaching system gave them incentives to study and attend lessons.

The Hard-working: the committed but dissatisfied students This cluster
containsabout 12% of thestudents, mainly male, belongingtothe Technology
area and with a number of credits acquired above the median level. They
weredissatisfied with the onlineteaching system because even though they
attended lessons and study, they perceived alower level of knowledge and
competence. They thought that online teaching was negative in every
respect, but particularly with regard to the interaction with lecturers and
between students.

Thel ost: studentswhowerepuzzed. Thiscluster containsabout 18% of the
students, mainly male, belonging to the Soci ety and Culture scientific area,
attending the 2nd year and withanumber of creditsacquired both aboveand
below the median level. They gave a ‘pass grade’ to online teaching and
attended some of the lessons. However, they perceived aninferior level of
knowledge and competence and they were not able to keep up with their
studies. They did not regret theabsenceof interactionwithlecturersbut they
missed interactions with other students.

The Undecided: students who were uncertain and might drop out. This
cluster contains about 11% of the students, mainly femal e attending the 1st
year in the Society and Culture area and with a number of credits acquired
below the median level. They expressed a negative opinion of online
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teaching and did not attend lessons. They were not able to keep up with
exams, but they stated that the organisation of everyday tasks had not
changed; nor had theinteractionswith studentsand lecturersbeen modified
in the COVID period. They gave negative scores to al aspects of online
teaching, especialy about the impossibility of concentrating.

34MULTIVARIATE ANALYSIS ON OPEN-ANSWER QUESTIONS

The non-compul sory open-answer questions are dealt with text mining strategies,
accordingtothe specific characteristicsof thedifferent setsof answers. Firstly, four
corpora were created to organise the free texts answering on Ongoing changes
(d16)8, on the Strengths (d30)° andnWeaknesses (d31)1° of distance learning, and
on Suggestions and proposals (d32)1. Annex 5 reports descriptive statistics of
corpora (Fergadiotis et al., 2015) produced after their tokenisation (acquisition of
text by numerical word indexing)2. The corpora are very different in terms of
respondent rateand lexical variety. Inparticul ar, corporaon Strengthsand Weaknesses
of distancelearning, and on Suggestions and proposalsrefer to fewer respondents
than those engaged in describing the Ongoing changes, and a smaller average
responselength. Inthe caseof thecorpusOngoing changes, thesignificant response
rate allowsaclassification of studentsbased on thetypesof changesthey highlight.
Inthe case of the other three smaller corpora, theanalysisislimited to highlighting
the themes addressed in each corpus, providing a focused view on the students
perspective over their distance learning experience and its potential for the
academic organisation.

In each corpus, the text was lemmatised and all content terms, nouns and
adjectives, with at |east five occurrences, were selected askeywords. In the case of

8 Question d16: “Describe how and in what way (positive and negative) the Covid-19
emergency has changed your life in general, apart from your studying activities’.

9 Question d30: “Report up to a maximum of 3 strong points of your distance learning
experience”.

10 Question d31: “Report up to a maximum of 3 weak points of your distance learning
experience”.

11 Question d32: “Please provide your suggestions and proposals’.

12 |n particular, for each corpus, Annex 5 describes: the number of Types, i.e. the number of
different words present in the corpus; the number of tokens, i.e. the number of occurrences
of the types; the average text length of the answers; the type/token ratio, which provides an
assessment of the lexical diversity of the corpus; the number of hapax forms, i.e. the forms
that appear only once in the corpus, and their weight in terms of occurrences. Types/token
ratio measuresthelexical diversity in acorpusbased on the rel ationship between the number
of tokens and the number of types. A high index value indicates greater linguistic diversity
and thuslessrepetition of the samewordsin the corpus. Thisratioishighly dependent on the
text’s length, making it difficult to accurately compare corpora of different sizes.
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the corpus Ongoing changes, this selection was used to define a Vector Space
Model to be analysed with factorial and cluster analysistechniquesusing SPAD13
software. In the case of the remaining three corpora, the lemmatised texts were
analysed using the Iramuteg™ software.

In what follows, Section 3.4.1 and 3.4.2 report the analysis carried out on the
corpus Ongoing changes, Section 3.4.3 illustrates the results obtained on the
three other smaller corpora.

3.4.1 CORPUS ONGOING CHANGES—-STUDENTS CLASSIFICATION

The size of the Ongoing changes corpus, with 5,607 responses’® and 234,677 total
occurrences, supportsan analysisamed at identifying different groups of students
characterised by different needsand different request of changesin onlineteaching.
A textual analysis was applied to the corpus to select the terms of content (nouns
and adj ectives) and to define aVector Space Model inwhich each student response
isformalized as a vector in a p-dimensional vector space, spanned by the content
terms selected in the vocabulary (Misuraca and Spano, 2020). Then the resultant
matrix Sudents x Lexicon [4562 x 1687] was subjected to correspondenceanalysis
and cluster analysisin order to group the studentsaccording to similaritiesinterms
of lexicon expressed in responses (Lebart, Morineau and Piron, 2004; Lebart,
Salem and Berry, 1998; Lebart, Morineau and Warwick, 1984; Reynolds et al.,
2006). Observationsunder analysisare 4,562, out of 5,607, sincewe consider only
students having at least five different keywords in their response.

Analysing thedendrogram (see Figure 5, upper panel), we sel ect the partition
in five clusters. Figure 5 (lower panel) reports the factorial map (f1f2) in which
clusters of respondents are highlighted in the different convex hulls, and cluster’
centroid has a size proportional to the cluster’s instances.

Inthefactorial map, we observe apolarisation, along thefirst factor, between
clusters cl-txt1 and cl-txt2 on the left, and clusters cl-txt4 and cl-txt5 on theright;
whilethe second factor polarisesclusterscl-txt2 and cl-txt5 (bottom) versuscluster
cl-txt4 (top). In order to give meaning to such polarisation we need to interpret the
themesencompassed in each cluster. Such aninterpretation can be doneby reading
the characteristic dictionaries of each cluster, with terms ranked by their test

13 SPAD isasoftware dedicated to Data Mining and Prediictive analysis that provides atotally
graphical and intuitive interface. https://ia-data-anal ytics.com/data-mining-software

14 Jramuteq is freely available at http://www.iramuteq.org/

15 Intheanalysisof open-answer questionswe have used all the available answers, even though
the questionnaire was not fully completed.



Learning Online: Remote Teaching and University Sudents’ Engagement 39

Factor 2

cl-txts

1.5 Factor 1

Fig. 5: Ongoing changes corpus: cluster analysis dendrogram and factorial map
Legend: dots in the factorial map (lower panel) indicate each student’s answer, convex hulls
delimitate each cluster and squaresindicate cluster centroids, with size proportional to the number
of instances in the cluster.
values!®, The following themes characterise the five clusters of students:
cl-txtl Students with changes in their persona sphere and in relationships with

family members and friends. This cluster contains about 22% of the
respondents.

16 For each cluster, the characteristic terms are availablein Annex 6.



40 Russo, M., Alboni,F., Morlini, |., Pavone, P., Sartori, L.

cl-txt2 Students who evaluate negative and positive aspects of the new context.
This cluster contains about 25% of the respondents.

cl-txt4 Students with problems in their economic and in social and material
conditions. This cluster contains about 10% of the respondents.

cl-txt5 Studentsfocusing onthe positive and negative noveltiesof onlineteaching.
This cluster contains about 18% of the respondents.

Although question d16 was asking studentsto consider changes“aside from
their studying activities’, two clusters of studentshardly separated theissues: incl-
txt3 they exhibit themesintertwining amix of family lifeand study conditions, and
students in cl-txt5 focus on the big change in their study conditions, i.e., online
teaching.

Thanksto the thematic definition of each group of studentsit isnow easy to
interpret thelatent meaning explained by each factor. Thefirst factor isacomposite
indicator of students' considerations about the relational sphere and theliving and
studying conditions. Ontheleft side of thefirst factor, therearethemesfocusing on
relationshipswith friendsand family members(characterising cl-txt1), andwiththe
external context (characterising cl-txt2); on the right, the focus is on material
conditions (cl-txt4) and studying conditions (cl-txt5). The second factor highlights
apolarisation of students addressing themes related with the private sphere (top)
versus the public sphere (at the bottom). At the centre, students in cluster cl-txt3
address mixed themes concerning the emergency in their personal and public
dimensions.

Theaim of the question d16 posed to the studentswasto identify which areas
of the students' lives (other than studying) were experiencing the greatest changes.
Theresult obtained through the cluster analysisshowsthat for someareas(i.e., new
context created and online teaching) the effects of the changes are assessed as
positivefor somestudentswhilethey are assessed asnegativefor others. Thisresult
providesamorefocused hint at the interpretation of changesdriven by COVID-19
emergence than can be obtained through a sentiment analysis (Misuraca et al.,
2021).

3.4.2 CORPUS ONGOING CHANGES: CORRESPONDENCE ANALYSIS ON
STUDENTS PROFILESACCORDING TO CLOSEDVS. OPEN QUESTIONS

By meansof acorrespondenceanalysis, weintersected theclassification of students
obtained by closed-answer questions (Section 3.3) with the classification obtained
from the open questions comprised in the Ongoing changes corpus (Section 3.4.1).
Observing thebiplot of the analysisin Figure 6, we note that studentswho focused
on positiveand negative noveltiesof onlineteaching (cl-txt5) arestrictly associated
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with both students who are satisfied with the online teaching system (cl-cql) and
students who are diligent but dissatisfied with it (cl-cg6). Moreover, we see that
students with changes in the personal sphere (cl-txt1 and cl-txt2) are, in general,
diligent but hostile or indifferent to online teaching (cl-cg2 and cl-cg3). Students
with economic and material problems (cl-txt3) are, in general, undecided female
students(cl-cg8). Finally, we may notethat groupsof studentswho arediligent and
enthusiastic about online teaching (cl-cg5) and of confused and unhappy female
students(cl-cg4) who arein ahalfway position between the personal sphereandthe
organisation of study and of family life. Groups of “lost” students (cl-cq7) and
students with material problems (cl-txt4) are in the centre of the axes.

3.4.3 STRENGTHS, WEAKNESSES, SUGGESTIONS AND PROPOSALS

CORPORA
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Fig. 6: Biplot of simple correspondence analysis: 8 groups classification with closed-answer
questions (cl-cq) and 5 groups classification on the open question ongoing changes
(cl-txt)
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Theother threesmaller corpora- Strengths, Weaknesses, Suggestionsand Proposals
- wereanalysed in order to characterise the different themes. For these corpora, the
ALCESTE!Y method (Reinert, 1983 and 1990; Marpsat, 2010) was used. In
general, the characteristics of the sample of respondents to open questions were
similar to the characteristics of the sample of respondents to closed ones, with
respect to thetraits of the population. Femal esattending acoursein the Society and
Culture area were over-represented, while students with a number of acquired
creditsbel ow thefirst quartil e of thecreditsacquired by studentsattending thesame
course and the same year were under-represented. Freshmen aswell, were under-
represented. For some students, the over-representation was more evident in open
answers than in closed ones and this indicates the greater inclination of these
studentsto supply moredetailed answersrather than alimited set of closed answers.
These students were those with anumber of credits below the third quartile of the
credits acquired by studentsin the same year and in the same course and attending
the second year of a bachelor degree and the first year of amaster’s degree.

Unlikethepreviouscluster analysis, withtheAL CESTE method, implemented
by Iramuteq, we obtained classifications of the textual segments!® rather than
classifications of the students. Analysing the matrix Segments x Active forms of
each corpus, the ALCESTE method enabled us to identify 2, 5 and 4 thematic
clusters, respectively, in the corpora Strengths, WWeaknesses and Suggestions and
Proposals!®. For each of the corpora analysed, the themes around which the
answers were focused have been identified. Iramuteq groupsinto classes the text
segmentsthat aresimilar intermsof content and providesaset of graphictoolswith
whichto visualisetheresults: dendrogram of thetext segment classes, thefactorial
map, the graph representing the links between the termsin each class. The network
graphs (available Annex 8) provide a better focus on the contents of each class®.

Themes characterising the classes of thethree corporahave been synthesised
in Tables 3-5.

With regard to the corpus Strengths (Table 3), the two classes of themes
underscore the fact that the strengths of online teaching mainly refer to flexibility

17 ALCESTE isthe acronym of Analyse des L exémes Cooccurrents dans|es Enoncés Simples
d'un Texte. A summary presentation of this method is available in Marpsat (2010).

18 Segmentation is obtained through fragmentation into phrases. Iramuteq defines phrases by
using mainly punctuation and defines as a segment a sequence with amaximum of 40 words.

19 Annex 7 reports the descriptive statistics of these corpora.

20 Statistics on the main characteristic terms and graphic visualisation of dendrograms and
factorial maps can be obtained from the authors upon request. In addition to visual tools, the
disambiguation of terms in the characteristic dictionaries has been verified through the
analysisof concordances, availableinlramuteq. A sel ection of textsfor themaincharacteristic
termsin each classisavailablein Annex 9
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in attending lessons (Class 1, especialy as concerns Engineering students) and to
interactionswith peersand lecturers (Class 2, aswell asthose femal e studentswho
work and study, attending abachel or’ s degree coursein the departments of Human
Scienceand Cultural studiesand Education). Onthe contrary, from the Weaknesses
corpus (five classes listed in Table 4), the lack of interactions and difficulties in
attending online lessons were considered one of the weak points in the online
teaching, particularly as regards the Engineering students. The other classes of
weak pointsrefer to: difficultiesin attending online lessons, lack of concentration;
the incapability of lecturers to organise courses online (lessons, loaded handouts
and organisation of the courseinternet page); the limits of the technology and the
uncertainty related to exams, stages and other teaching activities.

Tab. 3: Strengths

Class1 Flexibility inlisteningtotherecorded |essonsandinthe organisation of study and lessstress
(73.33% of the analysed segments). Studentsin this class were mainly male, attending the
first or the second year of abachelor ‘s degree coursein the Science and Technology areas
(particularly, Engineering)

Class2 More interactions with students and lecturers, positive outcomes of the University for
working students, fewer difficulties and speed in the organi sation of the emergency period
(23.67% of the analysed segments). Studentsin this class were mainly female (who work
and study) attending a bachel or’ s degree course in the departments of Human Science and
Cultural Studies and Education.

Tab. 4: Weaknesses

Class1 Lack of interactions/discussions with peers and lecturers, absence of library services, less
stimuli and engagement (24.07% of the analysed segments). Studentsin this classwereon
the whole, not working and attending a course in the Technology area (particularly,
Engineering).

Class2 Difficulties in attending online lessons, lack of concentration (22.81% of the analysed
segments). Students in this class were mainly female, in the first or second year of a
bachelor’ s degree course in the Science area (especially, Economics).

Class3 Ineffective online lessons and lecturers incapable of supplying services online; too many
recorded and loaded material sand difficultiesin printing slidesand handouts (16.84% of the
analysed segments). Studentsin this class were for the most part in their second year of a
bachelor’ s degree course in the Society and Culture area.

Class4 Limitation of the technology: problems with internet connections and low quality of the
sound and the videos|oaded (12.03% of the analysed segments). Studentsin thisclasswere
for the most part, attending a course in the Education and Human Sciences department.

Class5 Uncertainty about examinations, activitiesinthelabsor about i nternship programs (24.25%
of the analysed segments). Students in this class were mainly attending a course in the
Education and Human Sciences and Health area.
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Observing the characteristics of the different classes of strengths and
weaknesses, wemay notethat itisimpossibletoidentify asingletypeof beneficiary
of theonlineteaching system. Studentsmay differ in perceiving thestrong and weak
points of the emergency period in relation to their scientific area, to their family
circumstances, andtotheir employed or not empl oyed status. Theanalysisconfirms
that the emergency period reduces the opportunities and exacerbates problemsfor
students with family or economic difficulties.

Furthermore, we can see that working studentsin the corpus Suggestions and
Proposals, recommended maintaining the online teaching platform in a post-
lockdown period (Class1). Other suggestionsrefer to possibleimprovementsinthe
overall organisation such as. clear rules (Class 2); better quality of online lessons
(Class 3); time schedul es and the Departmental rules about teaching organi sations
to be strictly observed by lecturersto better organisethe home self-study (Class4).

Tab. 5: Suggestions and Proposals

Class1 Maintainonlineteaching also after the end of the COV1D-19 emergency period (22.39% of
the analysed segments). Studentsin this class were mainly in the labour market, attending
the fifth year of acoursein the Health area.

Class2 Clear rules (26.05% of the analysed segments). Studentsin this class were mainly female
attending a course in the Health area and in the department of Education and Human
Sciences.

Class3 Improve the quality of the online lessons (sounds and availability of the loaded materials)
and improve the quality of the internet pages of the courses, especially organisation and
layout (19.07% of the analysed segments). Students in this class were mainly part-time
workers, attending a course in the Society and Culture area.

Class4 Observethe lesson time schedule and the Departmental rules about teaching organisations
(32.49% of the analysed segments). Studentsin thisclasswere mainly attending thefirst or
the second year of a bachelor’s degree course in Economics and are non-working or
occasionally working students.

4. DISCUSSION

Some years ago, Charles Sabel and colleagues (Sabel et a, 2011) commented on
the successful Pl SA results obtained in Finland: the secret of their successwasnot
investment in excellence, but systematic multiple actions intended to help less
advantaged studentsthrough differential support. Inaccordancewiththisperspective
of differentiated policy measures, this paper has analysed theimpact of COVID-19
emergency distance teaching on university students. The main results of an
empirical survey conducted during the emergency highlight the importance of
acquiring a shared knowledge about students’ material and socioeconomic living



Learning Online: Remote Teaching and University Students’ Engagement 45

conditions in order to be fully prepared to implement effective university policy
measures to address further needs of online teaching. The University of Modena
and Reggio Emiliapromptly devised afirst tool for investigating the strengths and
weaknesses during the emergency.

The non-parametric multivariate analyses of the empirical survey supported
evidence-based learning from the emergency remote teaching. Within an
encompassing framework of enhanced quality of education and persona and
collective well-being, we now discuss the overal results, focusing on the factors
that could be minimised or supported to create a more equal background able to
provide differential support to those more in need.

The local dimension. Unimore benefited from a close connection with the
local areathat protected itsstudentsfrom sudden and unexpected changes. Overall,
the local and territorial vocation of Unimore protected the students from the
negative consequences of the emergency.

Infrastructural divide between the home and campus. Clearly, there are stark
differences between the home and campus asregardsto the material conditionsfor
studying. On-campusfacilitiesfurnish an ecosystem full of advantages. electronic
devices, high speed Internet, online resources. Quiet and semi-private spaces,
support concentration, but above all else, the peer-to-peer relations that the
emergency revealed as even moreimportant than usually believed. Thesefacilities
areplacesfor aggregation, sociability and critical debate asmuch asthey offer both
comfortablespacesfor studying and accessing digital infrastructures (such ashigh-
speed internet and laboratories). Many of these conditions are far from being
available to students off campus within their homes. Here lies the vicious circle
between poor material conditionsand weaker university achievements, which calls
adifferential approach to students (especially when it comesto emergencies such
as the one that turned on-campus teaching into remote teaching overnight) to be
considered. Evenin normal times, amarked infrastructural divide is mitigated by
university policiesaiming at providing basic conditions for equal opportunitiesin
access to tertiary education. Considering the essential and non-negotiable on-
campus character of theinstitution wecall ‘ university’, we are going to faceone or
two more semesters of distance teaching and students need to fully benefit from
better organised classes and el ectronic materials. Moreover, the institution should
beabletorecreatethesocial context and vital relational tiesthat maketheuniversity
experience atruly rich and long-running experience.

Remoteteaching. Overall, theremoteteaching systemwaspositively eval uated
acrossdepartmentsand different courses. Burdensomeandfatiguearethehighlighted
key results. Following classes onlineis more challenging than in a physical room
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becauseit requiresgreater concentrationinadditionto continuousmonitor watching
and headset listening. Studentscomplainedthat it washarder tolistenandtakenotes
in remote settings, especialy - needless to say - when private spaces or personal
computerswere shared and the | nternet connection wasslow. Over twothirdsof the
students expressed bewilderment, impatience and dissatisfaction, exacerbated by
the sometimes-cumbersome technical procedures necessary to access the remote
teaching platform and el ectronic resources. Three quarters complained of amajor
change in their organisation, with 40% having problems in organising their more
solitary home activity. The lack of social contact and peer-to-peer discussion had
aheavily negative influence.

Gender gap. Overall, the empirical analysis points to a significant and
unexpected gender gap. Femal e students did not reveal any significant differences
on many indicators (study organisation, concentration, material conditions of
devices and spaces), save one: sharing domestic caretaking duties. Problems at
home are not personal but depend on family arrangements. Females, even of such
ayoung age, are required to contribute to domestic work to a greater extent than
males. They share the caretaking of the elderly, sick or minors with their parents,
which negatively affects their study ‘self-organisation’. Even among younger
women, the topic of an unequal distribution of duties among domestic and non-
domestic spaces angrily emerges.

Clusters of students. Students have been grouped into clusters according to
their answers to the closed questions and to the open-end questions. Specific
combinations of material conditions, organisational choices and characteristics of
the studying ecosystem clearly identify eight subpopulations of students when it
comesto remoteteaching: the Satisfied; the Diligent but detached; the Hostile; the
Confused and unhappy; the Enthusiastic; the Hard-working but dissatisfied; the
Lost; the Undecided. The extensive descriptions presented in Section 3.4.1 and
3.4.2 clarify the sdlient traits of these specific groups of students, prompting
interesting considerations. Gender better qualifies specific groups: the Satisfied,
the Diligent-but-detached, the Confused, the Undecided are groups dominated by
women, while men seem to cluster less and are more spread across other groups.
It emerges from free texts that femal e students have more home tasks (including
taking careof theelderly, or of remotelearning of their younger siblings) thanmale
students. Coupled with the unexpected gap that women encounter at home, gender
preferences should be taken into account by future policiesin order to create both
moreflexibility and targeted actions. These clusters have shown themselves| to be
important, especialy for academic year freshmen, whose first experience of
academic life is doomed to be completely virtual.
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Relevant topics and suggestions. The automated text analysis furnishes a
complementary material that helps in grasping the material and socioeconomic
conditions of the students. Interestingly, their spontaneous answers offer insights
not foreseeable at the time of the questionnaire’s drafting. The main suggestionis
about the style of teaching. In the new ecosystem, it isimportant to innovate and
adapt the style of teaching to the remote setting. Online interactions among peers
and with thelecturer, amore preci se organisation of classes, abalanced homework
load, a better audio quality are some practical suggestions.

Projecting into the near future, these suggestionshold truemorein general as
they intertwine with pre-emergency autonomous actions in terms of innovative
teaching methods and transformationsin class and curriculum supply. The survey
has acknowledged theimportance of acloser ook at the material off-campusliving
conditionsof the students. Comprehensive knowledge could concretely lead to that
‘differential approach’ and its subsequent successful results in benefiting the
majority of students, not only the excellent ones. Moreover, the efficacy of and
satisfaction with the teaching style could also gain from this differential approach
and all the changes that the COVID-19 emergency immediately required.

5. POLICY IMPLICATIONS

There are some features of the remote teaching forced by the emergency that are
typical of a phase that will be overcome as we write; but there are other elements
that are rooted in what was already in previous ecosystem made of living and
studying conditions, attitudes and resultsthat were achieved beforethe COVID-19
outbreak. Theremoteteaching and servicesoffered to studentsinthenext semesters
will have to take these features into account, in order to emerge from this phase
without (or with less) dispersion. Moreover, there is atendency to not concentrate
primarily on excellence, but on a more genera collective effort to increase the
effectiveness of university teaching.

Theresults of the survey confirm the need to define what specific actionsare
necessary for different groups of students, departments, years of the course,
conditions of study and accessto resources essential for academic studying. Four
lines of action seem to be essential.

The first, preliminary, action is to ensure that students are equipped with
adequate digital devices and internet connections, economically helping those
unable to afford such purchases in atimely manner.

The second action concernsflexibility inteaching modesthat could facilitate
the realignment between study programmes. If teaching in presence remains a
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distinctive feature of public universities, online lessonsin synchronous or remote
mode, facilitate the organi sation of teaching and study activitiesby students. Some
universitiesaredevel oping ablended teaching method. Whileitisnot clear how the
best practicesfor remote teaching will emerge and be concretely configured, there
is a potential risk that the more classic onsite academic experience is biased by
economic discrimination: only those who can afford travel and accommodation
costswill livethetraditional full academic ecosystem. It isimportant in any event,
to reflect upon the potentiaities of a mixed mode for those who cannot attend in
presence.

The third action concerns the potential for improving the general quality of
teaching, which canlook at both students’ experiences and new ways of designing
lessons (e.g., peer instructions, flipped classrooms or mixed teaching tools).
Designing a distance teaching system requires perhaps even more time than in-
presence courses. During the emergency, teachers have had to rapidly revise not
only thetiming and mode of delivery of lectures, but also themes, aswell asmodes
of interactionwith students. A spinoff effect i sthat many studentsandteachershave
appreciated thepotential of digital technol ogies, that werepreviously ignored, such
asthose that allow teaching with small groups of students (in discussion/exercise
sessions), the involvement and self-organisation of students for study activities or
in-depth study, the exploration of avariety of topicsnot alwaysableto find defined
at the beginning of the course.

Thefourthlineof action concernsuniversity libraries: they arevital spacesfor
community bonding and finding study material. This twofold function cannot be
entirely shifted online, but at least investing on the online access to library’ e-
resourcesisamandatory step for containing the potential for socio-economic bias
among students.
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ANNEX 3 - Simple correspondence analyses between clustersand independent
variables: Area of study, Degree course of studies, Year of course, Quartiles
of ECTS credits acquired with respect to achievable credits, Gender
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Fig. A3.1: Area of study
Thin arrows are clusters, thick arrows the
modalities of the variable area.

Fig. A3.2: Degree cour se of studies
Thin arrows areclusters, thick arrowsthe
modalities of the variable cour se type:
L=bachelor’sdegree, LM=master’s degree,
LM5=5-year degree, LM 6=6-year degree
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Fig. A3.3: Year of course

Thin arrows are clusters, thick arrows the
modalities of thevariable courseyear: 1, 2, 3
are the first, the second and the third year,
respectively, of a bachelor’s degree, 4 and 5
arethefirst and thesecond year of amaster’s
degreeor thefourth and thefifth year of a 5-
year degree, 6 is the last year of a 6-year
degree.

Fig. A3.4: Quartilesof ECTS credits
acquired with respect to achievable credits
Thin arrows are clusters, thick arrows the
modalities of the variable number of credits
acquired with respect to the total achievable
credits: Ql=below the 1st quartile,
Q2=between the 1st and 2nd quartile,
Q3=between the 2nd and 3rd quartile,

Q4=above the 3rd quartile.
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Fig. A3.5: Gender
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ANNEX 4
d_23Howsatisfied areyouwith your global distancelearning experience? (graded
from 1to 10)

Clustersranked by decreasing order of median of answersto question d_23; boxes
width: proportional to the share of studentsin each cluster
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1.Female 5.Students 2.Diligent 4.Confused and 3.Students 7.The lost 6.Hard-working 8.Undecided
students enthusiastic and detached depressed female hastile to the {disoriented but dissatisfied femnale students

satisfied with about the online (selective) students online system and over-whelmed {angry and
the online system female students first-year potential drop-
teaching system students) outs)

Fig. A4: Box plot of satisfaction level of the students with the distance learning experience
(d_23), by cluster



58 Russo, M., Alboni,F., Morlini, |., Pavone, P., Sartori, L.

ANNEX 5

Table A5: Corpora created on free texts: respondents, types, tokens and measures of lexical
diversity by corpus

Corpus Number Number of Number of Mean of Typel % hapax® % hapax®
of typest tokens? tokensby  Token by token by type
respondents respondent®  ratio*
Ongoing Changes 5,607 10,858 234,677 41.8 4.6 47 2.2

[g16]. Describe how
and in what way (po-
sitive and negative)
the COVID-19 emer-
gency has changed
your life in generd,

apart fromyour study
activities
Strengths  [g30]. 2,152 3,027 35,779 16.6 8.4 515 4.4

Report up to a maxi-

mum of 3 strong

pointsof your distance

learning experience

Weaknesses [g31]. 2,319 4,535 50,443 21.7 8.9 52 47
Report up to a

maximum of 3 weak

pointsof your distance

learning experience

Suggestions and 1,398 4,629 38,277 274 121 53.5 6.7
proposals [g32].

Please provide your

suggestions  and

proposals
1 Number of different words present in the corpus
2 Number of occurrences of the types
3 It provides an assessment of the average text’s length of the answers
4

It providesan assessment of thelexical diversity of thecorpus. A higher index valueindicates
greater linguistic diversity and thus|essrepetition of the samewordsin the corpus. However,
thisratio is highly dependent on the text’ s length, making it difficult to accurately compare
corporaof different sizes.

5 Formsthat appear only oncein the corpus.

ANNEX 6 - Characteristic dictionariesidentified in the Cor pus Ongoing changes

The Corpus Ongoing changesrefersto thefreetext in question d16-" Describe how
andinwhat way (positive and negative) the COVID-19 emergency has changed
your lifein general, apart from your studying activities’

» Thecharacteristic dictionariesin the original language (Italian) of each cluster
arelistedindescending order of test-val ue. Statisticson thetermscharacterising
each cluster (frequency within the Corpus and within the cluster, t-value and
probability) are available from the authors on request
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cl-txt1 —Sudents with changesin the personal sphere and in relationshipswith
family membersand friends [ Sfera personal e, relazioni nella famiglia e amici]
about 22% of the respondents.

cose, piccole, importanza, vita, persone, famiglia, scontato, valore, amici,
importanti, importante, scontate, liberta, care, gesti, riscoperto, permesso,
nonni, piccoli, passeggiata, paura, natura, portato, potere, resa, manca, persona,
amiche, prova, mondo, virus, fidanzato, posto, dura, caffe, piacere, genitori,
stile, quotidiane, ansia, tranquilli, banali, giardino, persa, spazi, peso, aspetto,
privato, sole, negativo, quotidianita.

[things, small, importance, life, people, family, taken for granted, value, friends,
important, taken for granted, freedom, dear, gestures, rediscovered, permission,
grandparents, small, walk, fear, nature, brought, power, yield, missing, person,
friends, test, world, virus, boyfriend, place, hard, coffee, pleasure, parents, style,
daily, anxiety, quiet, trivial, garden, lost, spaces, weight, appearance, private,
sun, negative, everyday]

cl-txt2 — Students eval uating negative and positive aspects of the new context
[ Valutazione del contesto (aspetti positivi e negativi)]

about 25% of the respondents

negativi, aspetti, positivi, tempo, attivita, sociali, mancanza, amici, fisica,
hobby, svago, relazioni, rapporti, lettura, contatti, sociale, contatto, libero,
movimento, routine, limitato, studio, attenzione, minor, impossibilita, intera-
zioni, maggiore, interessi, fisiche, noia, sport, limitazioni, gestione, sonno,
dedicato, sedentaria, Vita, disposizione, aperta, parenti, passioni, esterno, aria,
limitazi one, spostamenti, mancanze, monotona, umore, socialita, socializzazione,
uscite, giornata, allenamento, tipo, fisico, stimali, lati, palestra, personali,
quotidianita, abitudini, essenziale, sviluppo, persone, nuove, quctidiana, viag-
gi, eliminazione, film, teatro, manca, umani.[negative, aspects, positive, time,
activity, social, lack, friends, physical, hobby, leisure, relationships, reading,
contacts, social, contact, free, movement, routine, limited, study, attention,
minor, impossibility, interactions, major, interests, physical, boredom, sport,
limitations, management, sleep, dedicated, sedentary, Life disposition, open,
relatives, passions, outside, air, limitation, movements, lacks, monotonous,
mood, sociality, socialisation, outings, day, training, type, physical, stimuli,
sides, gym, personal, daily, habits, essential, development, people, new, daily,
travel, elimination, film, theatre, lacks, human]

cl-txt3 — Sudents with changesin the organi zation of the family life and of the
study [ Organizzazione tra casa e lavoro/studio]

about 24% of the respondents casa, lavoro, emergenza, dovuto, situazione,
momento, causa, positiva, periodo, universitaria, sorella, biblioteca, regione,
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cos3, stato, sanitaria, bloccato, ansia, sola, economici, carriera, fase, concen-
trazione, studio, scuola, studi, sessione, settimane, credo, universitario, diffi-
cile, risultata, sospesi, inizio, economico, possibili, negozio, spazio, genitori,
problemi, percorso, bologna, rossa, studente, biblioteche, giorni, fosse, con-
dizione, week-end, data, costretti, famiglie, solito, confusione, vista, maniera,
certezza, ritardo, libri, livello, abituato, quarantena, vacanze, giorno, esercizi,
unica, lasciato, strutture, mansioni, disagi, silenzio, residenza, esame.[home,
work, emergency, due, situation, moment, cause, , positive, period, university,
sister, library, region, thing, state, health, stuck, anxiety, lonely, economic,
career, stage, concentration, study, school, studies, session, weeks, | think,
university, difficult, resulted, suspended, beginning, economic, possible, shop,
space, parents, problems, path, bologna, red, student, libraries, days, was,
condition, weekend, date, forced, families, usual, confusion, view, manner,
certainty, delay, books, level, accustomed, quarantine, holiday, day, exercises,
only, left, facilities, tasks, inconvenience, silence, residence, exam]

cl-txt4 — Students with problems in economic and living conditions [ Problemi
materiali e condizioni economiche]

about 10% of the respondents

affitto, tirocinio, cassa integrazione, anno, tesi, lavoro, contratto, stipendio,
laurea, azienda, pago, studentessa, appartamento, bollette, compagno, spese,
figlio, madre, stato, sperimentale, origine, lavoratrice, bimba, tornata, crediti,
genitori, educatrice, sede, farmacia, messa, progetto, causa, nido, consegui-
mento, anni, dovuto, marito, panico, economica, chiamata, fuorisede, arrivata,
indeterminato, ritrovata, borsa, tasse, sospeso, laboratorio, attacchi, rischio,
padre, interrotto, lavorato, piani, rimasta, lavorativo, soldi, estero, cris,
garantito, momento, ragazzo, scuole, percorso, emergenza, finito, costretta,
Italia, studi, future, chiusura, citta, magistrale, economico, tutor, dipendente,
scuola, economiche, ritrovo, preoccupata.[rent, internship, year, thesis, job,
contract, salary, degree, company, pay, student, flat, bills, partner, expenses,
child, mother, state, experimental, origin, worker, child, returned, credits,
parents, educator, seat, pharmacy, put, project, cause, nest, achievement, years,
due, husband, panic, economic, call, out-of-school, arrived, indefinite, found,
bag, taxes, suspended, lab, attacks, risk, father, interrupted, worked, plans,
stayed, wor king, money, foreign, crisis, guaranteed, moment, boy, schools, path,
emergency, finished, forced, Italy, studies, future, closing, city, master, economic,
tutor, employee, school, economic, finding, worried]

cl-txt5 — Sudents focusing on the positive and negative novelties of online
teaching [Lezioni e organizzazione della didattica di emergenza]

about 18% of the respondents lezioni, online, esami, professori, registrate,
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lezione, docenti, connessione, prof, modalita, orari, caricate, video, esame,
aula, studenti, distanza, corsi, argomenti, disponibili, materie, sessione, dubbi,
orali, internet, appelli, materiale, e-mail, professore, frontali, universita, do-
cente, registrazioni, appunti, scritti, date, computer, diretta, presenza, orario,
calendario, corso, videolezioni, domande, telematica, dolly, studio, diretto,
stati, preparazione, distrazioni, estiva, materia, possibilita, didattica, ascolto,
organizzazione, utile, risparmio, comunicazione, chiarimenti, mezza, svolte,
qualita, fornito, piattaforma, eventuali, registrazione, audio, laboratori, tempi,
complicato, risposta, sistema, carico, fissi, pubblicano, utili, classe, carica,
notato, spostamenti.[lessons, online, exams, professors, recorded, lesson,
teachers, connection, prof, mode, times, uploaded, video, exam, classroom,
students, distance, courses, topics, available, subjects, session, doubts, oral,
internet, appeals, material, e-mail, professor, frontal, university, teacher,
recordings, notes, written, dates, computer, direct, presence, time, calendar,
course, videolessons, questions, telematics, dolly, study, direct, states,
preparation, distractions, summer, matter, possi bility, didactics, listening, orga-
ni zation, useful, saving, communication, clarification, half, carried out, quality,
provided, platform, any, recording, audio, labs, time, complicated, answer,
system, load, fixed, publish, useful, class, charge, noticed, movements]

ANNEX 7 - Table A7: Descriptive statistics refers to the output of the ALCESTE method on

the corpora Strengths, Weaknesses, Suggestions and proposals

d30: Strengths ~ d31: Weaknesses ~ d32: Suggestions and

proposals

Number of respondents (texts) 2152 2319 1398
Number of textual segments 2198 2493 1636
Number of forms 3027 4535 4629
Occurrences 35779 50443 38277
Number of lemmas 2026 2822 2986
Activeforms 1741 2494 2633
Supplementary forms 241 282 297
Active forms with a frequency >3 618 944 931
Average of forms per segment 16.28 20.23 234
Number of classes 2 5 4
Number of classified segments

(absolute value) 2129 2227 1505
Number of classified segments

(percent value) 96.86 89.33 91.99
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ANNEX 8 — Network graphs of the terms of each thematic cluster identified by
the ALCESTE method in the cor pora Strengths, Weaknesses and Suggestions
and proposals
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ANNEX 9 — Sdlection of texts from the open-ended responses (in Italian and tranglated in
English) on Strengths, Weaknesses, Suggestions and proposals Cor pora

« Statistics on the terms characterising each class (frequency within the Corpus
and within the class, t-value and probability) are available from the authors on
request.

« Respondent ID generated by Survey Monkey

e Initdics: original text in Italian

Corpus Strengths

Thematic cluster 1

* 11489097187 organizzazione flessibilita comodita.
* 11490896693 flessibilita degli orari possibilita di riascoltarelelezioni possibilita di mettersi in
pari con lelezioni.

* 11512070162 grandeflessibilitadi orari possibilitadi tornaresu punti precedentementediscussi
con molta facilita.

* 11487505612 videolezioni sempre disponibili.

* 11509041617 i docenti via mail sono sempre disponibili e anche via skype.

* 11508704693 i professori sono molto disponibili.

* 11509740650 1 professori molto disponibili e volenterosi 2 possibilita di bloccare eriascoltare
lelezioni a piacimento 3 possibilita di ascoltare le lezioni in qualunque giorno

* 11489097187 organisation flexibility convenience.

* 11490896693 flexibility of timetablespossibility of re-listening to lessons possibility of catching
up on lessons.

* 11512070162 great flexibility of timetables possibility to return to previously discussed points
very easily.

* 11487505612 video lessons always available.

* 11509041617 teachers are always available via email and also via Skype.

* 11508704693 the teachers are very helpful.

* 11509740650 1 very helpful and willing professors 2 possibility of blocking and listening to the
lessons at will 3 possibility of listening to the lessons on any day

Thematic cluster 2

* 11492927952 alcuni professori stanno sfruttando le lezioni online per creare maggiore intera-
Zione con noi studenti.

* 11509485560 ottima organizzazione da parte dell’ ateneo, |I’impegno dei docenti.

* 11516285371 maggior interazione col docente durante lalezione

* 11522970349 organizzazione dei professori e universita.

* 11522685697 organizzazione costanza interazione con i compagni di studio.

* 11491071763 ¢’ émolta pitinterazione siatra docenti chetrai miei colleghi durantelalezione.

* 11492642993 azzeramento dei costi etempi di trasporto 2 maggioreinterazione e confronto con
i compagni di corso
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* 11492927952 someprofessorsareusing onlineclassesto createmoreinteractionwith usstudents.
* 11509485560 very good organisation by the university, the commitment of the teachers.

* 11516285371 more interaction with the lecturer during the lesson

* 11522970349 organisation of professors and university.

* 11522685697 organisation constancy interaction with fellow students.

* 11491071763 much more interaction with professors and fellow students during class.

* 11492642993 zero transport costsand times 2 moreinteraction and confrontation with classmates

CorpusWeaknesses

Thematic cluster 1

* 11489481689 mancanza di interazione diretta con i prof che spesso rispondono alle mail dopo
molto tempo e 0 in modo non consono.

* 11509716367 zero interazioni con i professori, zero interazioni con i colleghi.

* 1150833588 manca interazione con gli insegnanti alcuni prof annullano le lezioni manca il
confronto tra colleghi di corso.

* 11489616068 no interazione diretta con i docenti, possibile accumulo delle registrazioni,
mancanza di stimoli.

* 11509785526 difficileinterazione e confronto coni compagni chiusuradellebibliotechedifficile
interazioni con i professori

* 11489481689 lack of direct interaction with professors who often respond to emails after along
time and or in an inappropriate manner.

* 11509716367 zero interaction with professors, zero interaction with colleagues.

* 1150833588 lack of interaction with teachers some profs cancel lessons lack of confrontation
between course colleagues.

* 11489616068 no direct interaction with professors, possible accumulation of recordings, lack of
stimuli.

* 11509785526 difficult interaction and confrontation with fellow students closure of libraries
difficult interaction with professors

Thematic cluster 2

* 11489650862 le lezioni a distanza non permettono di essere concentrati al massimo.

* 11508518450 le lezioni online sono molto piu lunghe delle lezioni in classe mi e difficile
concentrarmi e studiare in casa la mole di studio & inadeguata alla situazione.

* 11489926986 lezioni troppo lunghe e quindi difficile stare attenti continuamente, difficile
rimanerein pari con tutte le materie da seguire.

* 11488971315 ci metto piu tempo ad ascoltare le lezioni rispetto alla loro durata effettiva.

* 11492381861 impiego tanto tempo per ascoltare bene una lezione.

* 11493253390 alcuni professori sono veramente pesanti da ascoltare non riescono a mantenere
I attenzione

* 11489650862 the distance learning lessons do not allow you to concentrate to the maximum.

* 11508518450 online lessons are much longer than classroom lessons it is difficult for me to
concentrate and study at home the amount of study isinadequate for the situation.

* 11489926986 |essonsaretoolong soit’ shardto pay attention all thetime, it’ shard to keep up with
all the subjectsto follow.
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11488971315 | take longer to listen to the lessons than the actual duration.
11492381861 it takes me along timeto listen well to alesson.
11493253390 some professors are really hard to listen to, they can’t keep your attention.

Thematic cluster 3

11508329144 non vengono rispettate |e durate delle |ezioni sebbene sia stato detto che 1h 30 di
lezione in presenza equivalga a 45min di registrazione spesso ci troviamo a seguire anche 4h di
fila ed e insostenibile.

11492335702 |elezioni registraterichiedono molto piutemporispetto aquellein presenzaal cuni
professori sembrano aver aumentato il carico di studi senza rispettare le tempistiche di una
normale settimana di lezioni in presenza la preoccupazione di dover svolgere gli esami online.
11489680249 3i professori nonrispettanoil limite dei 45 minuti circa efanno lezioni di oltreun
ora e mezza.

11509719266 troppo carico di materiale da parte dei professori non rispetto degli orari di
caricamento delle lezioni.

11512937188 disorganizzazione del corso ogni professore carica in una piattaforma diversa e
molti professori non caricano il materiale didattico

11508329144 the duration of the lessons is not respected although it has been said that 1h30 of
lessons in person is equivalent to 45 minutes of recording, we often find ourselves following 4
hoursin arow and it is unbearable.

11492335702 therecorded | essonstakemuchlonger thantheface-to-facel essonssomeprofessors
seem to haveincreased the study |oad without respecting the times of anormal week of face-to-
face lessons the worry of having to take exams online.

11489680249 3 teachersdo not respect thelimit of about 45 minutesand givelessonsof morethan
an hour and a half.

11509719266 too much material on the part of the professors not respecting the |oading times of
the lessons.

11512937188 disorganisation of the course each professor uploads on a different platform and
many professors do not upload the teaching material.

Thematic cluster 4
11490407742 a volte ci sono problemi di connessione e stare davanti al computer tuttoil giorno
e stancante. .
11510305821 connessione internet non delle migliori.
11519084549 1 problemi di connessione 2il video avolte s blocca 3 non s sentel audio avolte.
11489617698 stanchezza nel stare davanti al pc per ore problemi di connessione.
11511897073 problemi con la piattaforma dolly nel reperire materiale online.
11489201222 connessione che talvolta salta poca uniformita di sistemi scelti tems dolly skype.
11489729038 carico registrazioni malfunzionamento piattaforma dolly.
11508481309 mi crofoni mal funzionanti professori chenonregistranolezioni maassegnanolibri
o dispense.

11496644258 spesso i docenti effettuando le lezioni in diretta non accettano che eventuali
dispositivi comeil microfono non possano funzionare oppure sefunzionanoil docentenonriesce
a sentire gli studenti per problemi tecnici

11490407742 sometimesthereare connection problemsand beinginfront of thecomputer al day
istiring.
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* 11510305821 not the best internet connection.

* 11519084549 1 connection problems 2 the video sometimes freezes 3 | can't hear the sound at
times.

* 11489617698 tiredness in front of the pc for hours connection problems.

* 11511897073 problems with the dolly platform in finding material online.

* 11489201222 connection that sometimesbreaks down lack of uniformity of systemschosentems
dolly skype.

* 11489729038 loading registrations dolly platform malfunction.

* 11508481309 malfunctioning microphones professors who do not record lessons but assign
books or handouts.

* 11496644258 often teachers, when they do live lessons, do not accept that devices such as
microphones do not work or, if they do work, the teacher cannot hear the students because of
technical problems.

Thematic cluster 5

* 11489361109 mancanza di informazioni riguardanti la modalita degli esami le date precise
scar sa comuni cazione spiegazione del ledifferenzetra esamedafreguentanteenon seavessi date
certe di esami riuscirei a farmi un piano di studio e organizzarmi

* 11489748604 ritardo nel fornireinformazioni circa gli esami.

* 11519184370 poche informazioni riguardo gli esami o meglio nessuna.

* 11534404004 incertezza sulle modalita e tempi degli esami per le materie di questo semestre
soprattutto per gli esami scritti che alcuni professori sono convinti di poter svolgere a brevein
presenza incertezza sulle modalita di recupero dei tirocini.

* 11492560383 non vi émodo di sosteneregli esami scritti i professori non hanno ideato soluzioni
alternative e la cosa mi mette decisamente in difficolta.

* 11508866947 poca chiarezza dei professori su alcuni argomenti pochi chiarimenti riguardo le
possibili modalita di esame e assenza di pre appelli poche esercitazioni compiti progetti dafare
acasa.

* 11489361109 lack of information regarding the modality of the exams, the precise dates, poor
communication, explanation of the differences between attending and non-attending exams, if |
had certain dates of the exams, | would be able to make a study plan and organize myself

* 11489748604 delay in providing information about the exams.

* 11519184370 little or no information about exams.

*  Uncertainty about the modalities and timing of the exams for the subjects of this semester,
especially for thewritten examsthat some professors are convinced they will be ableto carry out
shortly in the presence of uncertainty about how to recover the internships.

* 11492560383 thereisnoway totakethewritten examsthe professorshavenot devised alternative
solutions and this definitely puts mein difficulty.

* 11508866947 lack of clarity of the professors on some topics few clarifications regarding the
possible exam modalities and absence of pre-trials few exercises tasks projects to do at home

Corpus Suggestions and proposals

Thematic cluster 1

* 11547817203 spero si possa utilizzare questa modalita anche in un futuro per chi lavora puo
€essere un ottima opportunita.
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11508645481 continuare in futuro con la didattica a distanza con eccezione solo per materie
obbligatorie ein laboratorio.

11510614138 mantenerelamodalita dellelezioni registrateancheinfuturoal di fuori dell’ emer-
genza per permettere anche agli studenti lavoratori o con altre problematiche di poter assistere
allelezioni anche da casa.

11508441897 sotto certi aspetti si potrebbetenerein considerazioneladidatticaadistanzaanche
in futuro.

11487998284 bisognerebbe attivare la didattica a distanza sempre in qualsiasi momento
dell’ anno accademico.

11508514494 continuare la didattica a distanza anche dopo.

11489654484 mi auguro quindi di poter usufruire in futuro di materiale didattico di questa
qualita senza rendere vano quello che questa esperienza ha da insegnarci.

11547817203 | hope we can also use this method in the future for those who work, it can be an
excellent opportunity.

11508645481 to continue with distance learning in the future with the exception of compulsory
subjects and laboratories only.

11508645481 to continue with distance learning with the exception of compulsory subjects and
the laboratory.

11508441897 in some respects distance learning could also be considered in the future.
11487998284 distance | earning should always be activated at any time during the academic year.
11508514494 Distance learning should also be continued afterwards.

11489654484 | therefore hope to be able to benefit from teaching materials of this quality in the
future without making what this experience has to teach us meaningless.

Thematic cluster 2
11508312488 stabilire quanto prima le modalita d esame nel dettaglio e comunicarle agli
studenti.
11508719487 chiarimenti sulle modalita d esame.
11508380824 chiarire al piui presto le modalita d esame. .
11509951754 chiarimenti sulla modalita di esame pronto.

11490071431 dareinformazioni riguardo gli esami della sessione estiva se vengono modificate
le modalita in modo da adattare lo studio in previsione della prova che verra somministrata. .
11512994728 dare delleregoledi ateneo per quanto riguarda modalita di svolgimento di lezioni
e esami che vengano rispettate da tutti i docenti.

11509081868 hisogner ebberispettarel orariodi lezioneinoltresarebbeutilesevenisserofornite
anoi studenti maggiori indicazioni riguardo le modalita di esame per | imminente sessione ad
oggi non é stato detto ancora nulla.

11508312488 establish detailed examination procedures as soon as possible and communicate
them to the students.

11508719487 clarification of examination procedures.

11508380824 clarify the examination procedures as soon as possible.

11509951754 clarification of examination mode ready.

11490071431 give information about the exams of the summer session if the modalities are
changed in order to adapt the study in anticipation of the test that will be administered.
11512994728 to give the university rulesfor the conduct of lecturesand examsthat are respected
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by all teachers.
* It would also be useful if we students were given more information about the examination
procedures for the upcoming session, but nothing has been said yet.

Thematic cluster 3

* 11490999323 pagine dolly meno confusionarie.

* 11508516154 migliorare la piattaforma dolly.

* 11510487010 fornire libri in pdf sulla pagina dolly poiché non tutti i libri sono di facile
reperibilita. .

* 11489018378 caricare materiale su dolly e non su altre piattaforme nelle lezioni registrate
ricordarsi che gli studenti devono prendere appunti e non possono chiedere di ripetere.

* 11522791588 la piattaforma dolly deve essere migliorata ei professori dovrebbero caricarele
lezioni in formati che funzionino in maniera fluida.

* 11508482205 mettere a disposizione materiale quali libri di testo comefile pdf sul portale dolly
causa la difficile reperibilita semplificare i canali di comunicazone.

* 11512060656 migliorare la qualita delle registrazioni.

* 11508341491 rivedere assolutamente la qualita audio delle registrazioni.

* 11492627690 migliorare la qualita audio delle lezioni. .

* 11512228427 migliorare qualita audio e video di alcune lezioni.

* 11508803630 migliorarelaqualitadellelezioni che sono poco comprensibili acausadi problemi
tecnici.

* 11489588693 fornire ai professori attrezzatura adeguata a realizzare registrazioni di buona
qualita.

* 11490999323 less confusing dolly pages.

* 11508516154 improve the dolly platform.

* 11510487010 provide pdf books on the dolly page as not al books are easy to find. .

* 11489018378 upload material on dolly and not on other platformsin recorded |essons remember
that students have to take notes and cannot ask to repeat.

* 11522791588 the dolly platform needs to be improved and professors should upload lessonsin
formats that work fluidly.

* 11508482205 make material s such astextbooks available as pdf files on the dolly portal because
of the difficult availability simplify communication channels.

* 11512060656 improve the quality of recordings.

* 11508341491 absolutely revise the audio quality of the recordings.

* 11492627690 improve audio quality of lessons.

* 11512228427 improve the audio and video quality of some lessons.

* 11508803630 improve the quality of the lessons that are not understandable due to technical
problems. .

* 11489588693 provide teachers with adequate equipment to make good quality recordings.

Thematic cluster 4

* 11508312612 professori dovrebbero caricarelelezioni negli orari stabiliti non alle 11 di notte
e non il sabato e la domenica perché noi studenti non abbiamo il computer in mano in ogni
momento della giornata e dobbiamo organizzarci anche noi con le lezioni e lo studio.

* 11508530059 penso siaopportuno chei professori si organizzino per caricarcilelezioni ingiorni



prefissati da loro perché ora tutti i giorni occorre salire sul portale per verificare se sono state
aggiunte lelezioni e facendo cosi € impossibile organizzarsi con lo studio.

11510153433 lelezioni dovrebbero essere piu concise € molto difficile seguire bene unalezione
online perché richiede molto pit tempo di una lezione normale..

11489588416 cercaredi far rispettareil pit possibile ai docenti il proprio orario o per lo meno
lagiornatain cui avrebberolezionelasciareil tempo materialedi studiareeassimilarei concetti
affrontati a lezione.

11508624193 rispettare | orario assegnato.

11489760464 far rispettareunorario preciso per lapubblicazionedellelezioni esattamentecome
awverrebbe in caso non ci fosse tale emergenza quindi seguendo un orario normale di lezioni.
11508680987 rispettare il caricamento o il sostenimento delle lezioni negli orari previsti
dall’orariodellelezioni: ci samoritrovati alcuni giorni senzaaverenessunalezioneealtriincui
si accumulava talmente tanta roba da aver bisogno di passare tutta la giornata al computer.
11508576980 cercaredi far rispettareil pitpossibilel orariodellelezioni ai professori ecercare
di incentivarei professori a svolgere prove intermedie scritte.

11489435884 rispettareil numerodi lezioni chesi ha a settimana senza appr ofittaredel fatto che
slamo casa non a corretto.

11489807647 consiglierei ai professori di rispettare i 45 minuti stabiliti per ciascuna lezione.
11534365431 incentivarecaldamenteil rispetto delleoredi lezioneela serietadel professori nel
rispettare il numero di ore assegnate senza chiedere di fissarne tante in piu.

11508312612 the teachers should upload the lessons at the fixed times, not at 11 o’ clock at night
and not on Saturdays and Sunday's because we students do not have the computer in our hands at
al times of the day and we also have to organise our lessons and study.

11508530059 | think it would be agood ideafor the teachersto organise themselves so that they
can upload the lessons on days set by them, because now every day we have to go on the portal
to check whether the lessons have been added, and by doing thisit isimpossible to organise our
studies.

11510153433 the lessons should be more concisg, it is very difficult to follow an online lesson
well because it takes much more time than anormal lesson....

11489588416 try to make the teachers respect their own timetable asmuch as possible, or at |east
the day of the lesson, leaving them enough time to study and assimilate the concepts covered in
the lesson.

11508624193 respect the assigned time.

11489760464 to respect a precise timetable for the publication of the lessons exactly asit would
happen in case of no such emergency, therefore following a normal timetable of lessons.
11508680987 to respect the uploading or thetaking of lessons at the times foreseen by thelesson
timetable: we havefound oursel ves some dayswithout having any lessonsat all and otherswhere
so much stuff accumulated that we needed to spend the whole day at the computer.
11508576980 try to make the teachers respect thelesson timetabl e as much as possibleand try to
encourage the teachers to carry out written intermediate tests.

11489435884 respect the number of lessons you have per week without taking advantage of the
fact that we are at home is not correct.

11489807647 | would advise the professors to respect the 45 minutes set for each lesson.
11534365431 strongly encourage respect for teaching hours and the seriousness of professorsin
respecting the number of hours allocated without asking for many more to be scheduled.
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DID TRANSITION TO ONLINE TEACHING DURING COVID-19
PANDEMIC AFFECT STUDENTS PERFORMANCE?
EVIDENCE FROM A STATISTICS COURSE

Samantha L eor ato!

Dept. Economics, Management and Quantitative Methods University of Milan

Abstract. The COVID-19 pandemic and the lockdown imposed by many countries had a
huge impact on social and economic aspects of life, throughout the world. Schools of all
order and grades were affected severely and forced to transition to alternative teaching
methods. Most universities, in particular, turned to different forms of teaching in-distance.
Students and instructors had to face the challenge of adapting to a sudden change in the
delivery of courses and exams. This paper tries to address the question of how the
unavoidable distress caused by these changes has affected higher education students’
performance, using data from a Statistics course in a Master of Science program in the two
consecutive years 2019 and 2020. Evidence of a significant Year effect is found, which
seems to be ascribable, at least partially, to factors different from student’s cohort
characteristics.

Keywords: Distribution regression, linear mixed-effects models, COVID-19, online
exams, higher education.

1. INTRODUCTION

The COVID-19 pandemic and the consequent lockdown imposed by governments
all over the world resulted in schools of all grades and levels to shut and resort to
alternative teaching methods and eval uation procedures.

Most of schools, colleges and universities turned to online learning to
continuetheir activity in compliance with health security measures (see Crawford
et al. (2020), Toquero (2020), Sahu (2020)). These transitions were aresponse to
an exogenous shock and concerns were raised about readiness of ingtitutions,
teachers and students (OECD (2020), Zalite and Zvirbule (2020), Scherer et al.
(20212)).

Italy (Lombardy region in particular) wasthefirst, among western countries,
tobeviolently hit by the spread of thevirus. Universitiesand schoolsin Lombardy
suspended in-presence activities in February the 24th. Soon after the initial

1 Corresponding author: Samantha L eorato, email: samantha.leorato@unimi.it
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suspension of teaching, al universities started a progressive transition towards
online learning, and the lockdown was extended to the whole Italian territory in
March the 9th.

Despite an undeniable effort to provide aprompt response to the emergency,
many universitiesand studentsfaced weeks of uncertainty and re-organi zation that
might have had an impact on students’ psychological condition and academic
performances. One of the challenges of the transition to e-learning was how to
redefine students’ evaluation. Whenever possible, many universities suggested to
replacewritten examswith oral examination, while, for courseswith largenumber
of attendees, several different procedureswere proposed, mostly involving the use
of someformof certified" examination platform”, withmonitoring either performed
by instructors themselves or by artificial intelligence.

This paper aims at quantifying the effect of the disruption induced by the
pandemic on student’ sperformance. Thechangesand inconveniencesimposed by
theCOVID-19havelikely caused difficultiesfor several different reasonsincluding:
problems in adapting to the transition to e-learning and to online examination
procedures, as well asemotional distress caused by uncertainty, by isolation and
health emergency in general. The data used in this analysis do not allow to
disentangle al the different ways the pandemic could potentially have affected
students’ performance. Thus, thispaper aimsat measuringacollective Covid effect
meaning by this*the sum of al Covid-related effects on student’s achievements”,
irrespective of their nature (psychological, cognitive, practical...).

Inthisrespect, thiswork entersinto the emerging literature trying to quantify
the effect that COVID-19 had on different aspects of life. Most of the quantitative
analyses so far focused mainly on psychological consequences of lockdown on
students of different school levels (Sahu (2020), Cao et al. (2020), Odriozola-
Gonzdlez et al. (2020), Zimmermann et a. (2021), Lee (2020) among the others),
or onstudent’ sperception of thetransitionto onlineteaching (Murphy et al. (2020))
rather than on student’s performance per se.

For what concerns the measurement of learning losses, higher attention has
been given to younger students, for example Andrew et a. (2020) and Maldonado
and DeWitte (2020) focuson primary schoolswhile Dietrich et al. (2021) consider
high school pupils. However, the evaluation of the impact on graduate student’s
achievements is crucial to predict mid-long term effects on their academic
performances and on employment prospects (see Pietro et al. (2020)). Itisnot clear
a priori whether theexpected effect shoul d bepositive or negative. Ontheonehand,
the lockdown imposed changes in teaching delivery and in student’s assessment
method (from in-person to online) that might have produced anegative effect, due
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to lack of preparation of the universities.

Further, according to recent studies, online courses themselves are reckoned
anegative —if ever significant — effect. On the other hand, although the isolation
may have produced a psychological distress that is likely to have negatively
affected their performance, the lockdown forced studentsto stay home and give up
other activities, potentially leaving moretimefor study. For example, Gonzalez et
a. (2020), using data from years 2017 to 2020, compare the results of the final
evaluation in three different exams offered at Universidad Auténoma de Madrid
(Applied Computing, Metabolism, Design of Water Treatment Facilities) and
obtainapositiveeffect of COVID-19 confinement, whichthey attributetoimproved
efficiency dueto changingthelearning strategiestowardsamore continuoushabit.
Consistently withthisdual mechanism, Aucejoet al. (2020) find highly heterogeneous
effects, mostly foll owing socioeconomic differences; lower incomestudentsare55%
morelikely to have delayed graduation dueto COVID-19 than their higher-income
peers. Similarly, using asurvey-based study of 232 undergraduate and postgraduate
studentsin West Bengal, India, Kapasiaet a. (2020) point out that although about
70% of studentswereabletousedigital platformsfor learning during thelockdown,
most of them had to“facehugechallengesinonlinestudy”, especially thoseleaving
in rural areas or with lower income.

Independently on the extreme situation that led to this sudden transition,
online courses and exams have seen an exponentia increase over the last decade.
Asaconsequence, their effect on students’ achievement have been largely studied
since then and some insight can aso be drawn from the literature. As mentioned
above, several works find a negative or at best no impact of online courses on
student’ stest scores(seeforinstanceFiglioet a. (2013), Alpert et al. (2016); Joyce
etal. (2015), Bowen et al. (2014)). These works mostly focus on single courses(in
Economics or Statistics) where random assignment of students to online or in-
person classes has been implemented, that gives them the characteristics of an
experimental design. A more recent comprehensive study takes into account more
than 700 courses and 200,000 studentsfrom for-profit collegesin US (Bettinger et
al. (2017)), and anegative effect of online courses on studentsgradesisfound both
for the course taken online and for future courses. Data are non-experimental and
therefore subject to potential selection bias, which istackled by theintroduction of
instrumental variables.

This paper takesinto account data on grades from two consecutive academic
years (2019 and 2020) of an exam of Statistics from atwo year Master program.
This specific exam has several advantages. First, focusing on an examin the area
of Statisticsislikely to produce stronger effectscompared to coursesrequiring soft
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skillsand it istherefore particularly interesting. The course maintained the same
syllabusin the two years and al so the structure of thefinal assessment was almost
unchanged: in both cases, it consisted in answering to several questions after
running the appropriate statistical analysis on agiven dataset, the only difference
isthat, whilein 2019 the exam was held in-presence, in 2020 studentsdid the exam
from their home, with online proctoring. Further, the teaching period was January-
March in both years, which meansthat thelockdown and the transition to distance
learning occurred halfway through the course in 2020. It must be underlined that,
athough the first exam session is normally held immediately after the end of the
course (lateMarch-early April), theopening of exam sessionsin 2020 wasdeferred
to May, because of technical issues. The number of studentssitting thefirst session
is more than 70% of students taking the exam at least once in awhole year. Most
of the students choosing the first session attended regularly the same year the
lessonsandthussufferedthetransition and experimentedthenew onlineexamination
platform for the first time. For this reason the preliminary focus is on the results
attained at first sessions only.

The data used in this paper can be treated as quasi-experimental, since
students had no possibility of opting for different courses and just happened to be
enrolledin 2019-20. Using dataon theresultsinthe Statisticscourse, thiswork tries
to addressthefollowing research questions: did the COVID-19 emergency impact
on students performance? In particular: (i) did it have an effect on the expected
grade?(ii) Did studentsexperienceahigher probability of failureor moregenerally
of underperforming?

Section 2 describesthe dataand displays some summary statistics. Section 3
presents the main results obtained by estimating different regression models.

Specificaly, Section 3.1 focuses on measuring the effect of Covid year on the
expected grade, thereforeon answering question (i). Although, for the af orementioned
reasons, thefirst exam sessionisthe onewhereitismost likely to observeasignificant
Covid effect, it is convenient to use data from al the exam sessions. Infact, it isclear
that the difference in performances of students of two consecutive years could be
simply duetoacohort effect. Thisthreat toidentificationisaddressed by controlling
for a class composition effect, using data from all sessions of the two years (6
sessions per year) and variability between sessions. In particular, this is done
through the introduction of the odds-ratio of Italian vs non Italian students
attending each session. Further, since the sample includes results from 282 exams
for 164 students only (due to retakes), by using a linear mixed-effects model
specification, it is also possible to control for unobserved individual effects.

Section 3.2 instead addresses question (ii): thefocusis, inthiscase, intrying
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to understand whether the treatedgroup (students who took their exam in 2020)
experienced different probabilitiesto fail the exam, or to perform below or higher
certain threshol ds. The approach followed isto define binary variables associated
to different grade levels and to estimate an independent probit model for each one
of them. In particular, the chosen levels correspond to the four events. { exam not
passed}, { grade below 25-th percentile} , { grade below median} and { grade above
75-th percentile}. With a larger dataset and by defining a finer grid for the
thresholds, this approach would enable to compute a semiparametric estimate of
the whole conditional distribution of the dependent variable Grade, via the so-
called Distributional regression (see Foresi and Peracchi (1995) or Chernozhukov
et d. (2013)).

2. DATA

The data cover all students of a Statistics course from an Italian Master who took
part to the first exam session in 2019 or 2020 (also extended to all the sessions of
both years). Besides the performance at the exam, the dataset includes some
demographicinformation, andtheir whol eacademi ctrack record fromtheenrolIment
until May 2020.

A descriptive analysis on demographics shows that the percentage of male
students sitting in the first session in 2019 and 2020 is 42.7% and 38.8%
respectively. The distributions of grades, among those who passed the exam, are
quite similar intheright tail (see Figure 1): they both show abimodality withthe
higher peak in the last interval (> 28) and the fraction of students taking grades
higher than 27 is0.44 in 2019 and 0.4 in 2020, athough the pattern in the left tail
tends to differ. A Kolmogorov-Smirnov test for the comparison of the two
distributionsis not conclusive: the null hypothesisisnot rejected if datafrom first
sessions are considered (p-value equal to 0.4 for all grades and equal to 0.86 for
gradeslarger than or equal to 18 only), but theresult changesassoon asoneor more
sessions are added.

The portion of students who failed the exam (including withdrawals) are
quitesimilar if oneconsidersthefirst sessions, being 0.31in 2019 and 0.33in 2020.
When al exam sessions are taken into account, though, the difference between
yearsincreases, with an oddsratio of failurein 2020 vs 2019 approximately equal
t01.86. Theexam outcomeisstrongly dependent on nationality, withasignificantly
larger portion of international students failing the first session: about 59.5% of
international studentsfailedor withdrew fromthefirst session, vs21.5% of Italians
(see Table 1).

Thisdifferenceisnot mitigated if the exams of the 12 sessions (that however
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include retakes) are taken into account: only 37, out of the 109 exams registered
as“failsor withdrawals’, correspond to Italian students. Thisgap is confirmed by
higher averagegrades (average of all gradesabovethe passing threshold) and grade
point average (GPA) of Italian students. Thereisal soamarked difference ingender
(except for GPA), that however tendsto disappear when all sessionsare considered.

Table 2 summarizes the main descriptive statistics of most of the variables
used for the analysis. The summary refers to the 125 students who st at the first
session and didn’'t withdraw from the exam (for which the variable grade is
unobserved), separated by year. The variable ECTS stands for European Credit
Transfer and Accumulation System, and, similarly tothe GPA, itiscomputed from
all other exams passed until the beginning of the pandemic. Of studentstaking the
exam inthefist session of 2019 or 2020, about 70.4% isltalian (81.1%in 2019 vs
62.5% in 2020). The variable Grade isthe final grade assigned. A binary variable
isassigned equal to oneif the gradeis 30 cum laudgA+). A value of Grade below
18 means failure of the exam.

Tab. 1: Fractions of failed exams, average grade (of passed examsonly) and GPA, by year,
gender and nationality, on the first session only (withdrawals are counted as“ Fails’)

Year Gender Nationality
Result 2019 2020 Mae Female Non-ltalian Italian
N 58 72 49 81 37 93
Failed 0.31 033 0.27 0.36 0.59 0.22
Mean Grade 25.8 20.1 25.8 255 24.1 259
Mean GPA 26.4 27.6 274 26.9 255 27.7

Tab. 2: Descriptive statisticsfirst session examsin 2019 and 2020

Year = 2019 Year = 2020 Total

Statistic N Mean. St.Dev N Mean. St Dev N Mean St. Dev
Grade 53 22547 6.941 72 20.083 8.862 125 21.128 8.165
Female 53 0585 - 72 0.639 - 125 0616 -
Italian 53 0.811 - 72 0.625 - 125 0.704 -
Age 53 24019 1.896 72 24.750 2.915 125 24440 2.551
ECTS 53 66.962 16.670 72 17.000 7.817 125 38.184 27.678
GPA 53 26.428 1.879 72 27.548 2.616 125 27.073 2.390
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Fig. 1: Histogram and estimated densities of the grades of 2019 and 2020

Table 3 reportsthe same descriptive statisticsfor all the exam sessions of the
two years. Students with Grade equal to zero were counted as withdrawals. A
comparison of thetwo tables brings out some characteristics of studentssitting the
first session: on average younger, with higher GPA and with a higher fraction of

Italians.

Tab. 3: Descriptive statisticsall session examsin 2019 and 2020

Year = 2019 Y ear = 2020 Total

Statistic N Mean. St.Dev. N  Mean. St Dev N Mean St. Dev
Grade 109 22600 6.920 173 20.000 7.250 282 21.000 7.230
Female 109 0.587 - 173  0.63 - 282 0.613 -
Italian 109 0.743 - 173  0.497 - 282 0.592 -
Age 109 24400 2390 173 25400 3510 282 25.000 3.160
ECTS 109 66.500 18200 173 19.600 13.300 282 37.700 27.500
GPA 109 26.000 1.940 173 26.900 2.780 282 26.600 2.520
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3. MODELSAND RESULTS

3.1MEASURING THE EFFECT ON THE EXPECTED GRADE

Thissectionisfocused on trying to measurethe effect of the pandemic on students’
average performance. The performance measure is the grade obtained at the exam.

The baseline specification is the linear model of the exam output over the
variable Covid, afew demographic controls, including gender, age and adummy
for nationality (Italian or not), and controlsfor ability. Covid isadummy equal to
one if the exam was taken in 2020.

The genera specification hasthe form

Yi = B, + yCovidi + X + &, & [iid (0, 0?) (1)

where Xi incorporates demographic variables and the combination of one or more
of the ability measures defined below. Note that, in the case of asingle session,
heteroscedasticity robust standard errors are computed for the OLS estimates.
Further, theindependent errorsassumptionisno longer invoked when thedataused
are from multiple exam sessions and repeated observations for the same students
occur.

To control for student’s academic ability, different measures are proposed,
mainly based ontheoverall mean gradesandthenumber of examstakeninacertain
period of time. Specifically, these include the variables GPA, defined as the
standardized mean gradestakenin al other examsuntil acertain date, ECTS, the
sumof accumulated ECT Suntil the pandemic (withacorrection for seniority). This
last variable, however, is omitted because it is dominated by GPA. Other two
dummy variablesare considered as proxiesfor students’ specific skill in statistics.
Thefirst oneisFirstYrTakers: adummy for studentswho did theexamintheir first
year. Thisvariable isincluded because students who find the exam particularly
hard to passare more likely to postpone or repeat it. The second variable, Stats, is
adummy equal to oneif the student passed a statistics exam during the bachel or.

Table4 shows the estimatesof somesel ected linear model specifications. The
total number of examsconsideredis121: 4 outliers, corresponding to blank exams,
were counted as withdrawal s and omitted from the sample.

The first column includes the variable of interest (Covid), the dummy for
Italian, that wasidentified asarelevant factor in Section 2, together with GPA and
their interaction. The other two models displayed in Table 4, models (2) and (3),
differ from (1) by the inclusion of age (not significant) and of the squared GPA
(9GPA =(GPA)?) and,inmodel (3) only, thetwo dummiesFirstY rTakersand Stats.

Theinteraction between GPA and Italian is highly significant in all models,
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Tab. 4: Resultsfrom linear models, 1 session only

Dependent variable: Grade

Models
1) (2 ©)
Covid -3.364"" —2.340" —2.087"
(1.058) (1.135) (1.222)
Age —-0.387 —0.358
(0.360) (0.367)
Italian 3.889 " 3.120 3.259
(1.834) (2.144) (2.217)
GPA 1.460 -1.178 —1.360
(1.192) (1.885) (1.929)
qGPA —1.559" —1.643"
(0.696) (0.717)
FirstYrTakers 1.100
(2.294)
Stats 1.555
(2.069)
Italian:GPA 3.774™ 6.307 " 6.410 """
(1.440) (2.055) (2.087)
Constant 20.187""" 30.683"" 27.295"
(1.828) (9.836) (11.135)
Observations 121 121 121
R2 0.378 0.428 0.432
Adjusted R? 0.356 0.397 0.391

Note:"p<0.1; "p<0.05; "*"p<0.01

and implies a nationality premium: according to column (1), a unit standard
deviationincreasein GPA isexpected toimprove (not significantly) thefinal grade
of non Italian students by less than 1.5 points, while the final grade of Italian
students improves by more than 5 points. This nationality premiumcould be a
consequence of several factors, among which linguistic and cultural divide (most
of the students are not native English speakers, and Italian speaking students are
likely to havean advantagein understanding an I talianlecturer), or other difficulties
related with studying abroad, such as sharing internet connection and workspace
with roommates.
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Themodelsincolumns(2) and (3) evidencethe presence of anonlinear effect
of GPA, the inclusion of which significantly reduces the coefficient of Covid.
According to these models, the variable GPA has a nonlinear effect on student’s
performance. Considering that GPA is standardized with scale 2.29 and center
27.15, from column (3)2, one can measure the marginal effect of GPA. It is
approximately equal to— 1.4 — 3.3 x GPAfor non Italian students: thisis negative
if GPA islarger than 26.2, while it is positive for lower GPA levels. For Italian
students, the marginal effectisinstead 5— 3.3 x GPA that ispositive for all GPA
< 30. Themodel in column (2) isthe result of stepwise selection from all potential
covariates, but column (3) showsthat, albeit not significant, theinclusion of Stats
and FirstYrTaker determines a 10% drop of the coefficient of Covid. Thus,
according to the two best models, students in 2020 have experienced a mildly
significant (at least 10%) worsening of their performance, corresponding to
approximately 2.1 — 2.3 grade points.

As pointed out in the Introduction, focusing on the first exam session is
interesting not only because the large majority of students attends the first exam
session but also because it was the very first session following the lockdown in
2020 and the first one with the new online examination procedure. However, a
major problem with the resultsin Table 4 is that they do not allow to disentangle
the effect of Covid (that isjust ayear dummy) from acohort effect. Onething that
emergesfrom the analysis so far isthat I talian studentstend to have higher grades
and asignificant GPA premium relative to non Italians. Nationality-wise, there
is alarge difference in cohort composition in the two years, with a 19% of non
Italian studentsin 2019 and almost twice (37.5%) in 2020. This difference could
determine acohort effect captured by the variable of interest. It istherefore useful
to include in the model the ratio between Italian and non Italian studentsin each
examsession. Todoso, itisnecessary towidentheanalysisby considering alarger
number of sessions for each year.

For thisreason, theanalysisisrepeated on the set of all exam sessionsof 2019
and 2020. The sessions are 6 each year: the second sessionswerein May 2019 and
June 2020, the other 4 sessionswerein July, September, November and December
respectively, in both years.

The number of students who attended the 12 sessionsis 164 but, because of
failsor retakes, thetotal number of observationsis309. Asinthepreviousanalysis,
21 withdrawals and 6 blank exams are excluded and the final sample consists of
282 exam results for 164 students.

2 Theresults from column (2) are the same.
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Besides allowing theidentification of a cohort composition effect, the larger
sampl e size should give more accurate estimates. We notethat it isalso possibleto
observeamitigation of the Covid effect astime passes, because both studentsand
universities adapted to the challenges of training online and the containment
measures progressively loosened.

Thestructure of thedataconsistsinan unbalanced longitudinal dataset, with
repeated measures of the variable Grade throughout (at most) 12 exam sessions.
Two approachesare used for the specification and estimation of the effect of Covid
on student’s performance: in thefirst case, alinear specification asin (1), fori =1,
...,282, withtheinclusion, among theregressors, of the exam session, to account
for a within-year time effectin this specification, individual effects are not
included, assuming they are captured by the individual specific regressors (like
GPA and Italian). Two more variables can be added to the regressors considered in
the first session analysis: the first one, Iratio, isthe ratio of Italian vs non Italian
studentsin the session and isused to identify cohort composition effect. Sincethis
variable takes at most only 12 distinct values, it prevents the inclusion of time
dummies into the model. The second variable, PrevGrade, is observed only for
studentswho re-take the exam and isthe grade obtained at the previous exam take.

Provided there are no residual omitted factors, the OLS are consistent and
unbiased estimators, but robust standard errors must be computed to account for
cross-sectional dependence due to repeated observations of the same units.

A second approach is aso considered, that allows for the possibility of a
residua individual effect. This effect is assumed to be uncorrelated with the
regressors and with the errors and it is model ed through alinear random intercept
model:

Grade, =B, + B X, +¥ +Y 2

1
wherei =1, ... 164 refersto the student, whilej =1, . . ., nand n, isthe number
of timesstudent i took theexaminthe 12 available sessions. Thevector X;; includes
regressors time specific (session/year) and unit specific. The errors are Gaussian
and conditionally independent on the random effects y, also Gaussian.
Table5displaystheresultsobtainedfromall sessionswiththetwo approaches:
the first two columns refer to the best OL S fits in the case of alinear regression,
whilecolumns(3) and (4) present the best fitsintermsof AIC and BI C respectively,
of the maximum likelihood (ML) estimates of the coefficient in equation (2).
Robust standard errorsfor the OL Sestimatorsare estimated following theapproach
of Driscoll and Kraay (1998), estimates of the linear mixed models are computed
with the R packake Ime4 (see Bates et al. (2015)).
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Fig. 2. Simulated random effectsfrom posterior distributions, model (4) of Table5

The coefficients of Covid in columns (1)—(4) are smaller, in absolute value,
than those of Table 4, and range between — 1.46 and — 2. Thus, a student taking the
exam in 2020 is expected to be graded at least about 1.5 points less than a student
with similar characteristics who took the exam in the same session the year
before. Differently from the first session data, not only Female, but also Age and
(GPA)? are omitted because their inclusion does not alter significantly the
estimates of the other coefficients, especially of Covid but worsens the fit. In all
models displayed, the variable Session is a time variable, ranging from 1 to 6.
Using section dummies in models that include Iratio decreases the estimated
effect of Covid but increases the variance inflation factor.

Although the estimates of the Covid coefficient in the mixed effects models
are larger (in absolute terms) than their OLS counterpart, they suffer a higher
variance that induces higher p-value. However, an Anovalike test for random
effects is conducted on both time (session) and students’ effect and individual
random effect is not excluded with p— value= 0.011 (see Figure 2).

Differently from Table 4, GPA remains strongly significant also when the
interactionwith Italianisadded, whiletheinteractiontermitisonly 10% significant
inthe mixe deffects models. The variables Iratio and PrevGrade are significant in
al modelsand, unsurprisingly, haveapositive effect onthe expected performance.

Although non significant, the variables Stats and FirstY rTakers, if omitted,
cause asignificant change of the estimates of Covid, and for thisreason the models
in columns(2) and (4) should be preferred. In general, whilst somedifferences are
observable, these two model s give similar estimatesfor all the coefficients. Thisis
a sohighlighted by comparing theaverageeffectsplots, fromthe OL Sand thelinear
mixed effects model (LMEM), in Figure 3.
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Tab. 5: Results from OL S and mixed models, all sessions

Dependent variable: Grade

Models
linearmixed-efects

1) 2 ©) 4
Covid —1.458 —1.743" —1.663 —2.043"
(0.845) (0.710) (1.122) (1.210)
Session 0.321 0.361" 0.567" 0.621™
(0.218) (0.213) (0.274) (0.278)
PrevGrade 0.075" 0.064"" 0.119"" 0.112"*
(0.032) (0.027) (0.044) (0.045)
Italian 4.092"" 3.829"" 3.919"" 3.598™"
(0.745) (0.905) (0.936) (0.997)
GPA 2.261"" 2412 2.194™ 2.358""
(0.469) (0.492) (0.605) (0.643)
Iratio 0.941™ 0.948™ 0.841" 0.842"
(0.367) (0.371) (0.472) (0.471)
FirstYrTakers —-1.476 -1.641
(1.058) (1.792)
Stats 0.893 0.851
(0.956) (1.279)
Italian:GPA 1.427 1.562 1.496" 1.650"
(1.386) (1.422) (0.874) (0.895)
Constant 16.374"" 17.221"™" 16.574"" 17.691°
(1.311) (1572) (1.835) (2.761)
Observations 282 282 282 282
R2 0.377 0.380
Adjusted R? 0.361 0.359
Log Likelihood —888.250 —885.137
Akaike Inf. Crit. 1,796.499 1,794.274
Bayesian Inf. Crit. 1,832.918 1,837.977
Note: "p<0.1; "p<0.05; ""p<0.01
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Fig. 3: Estimated marginal means of Grade computed from linear and linear mixed effects
model, over GPA, Covid and nationality from models (2) and (4) of Table5

3.2 MEASURING THE EFFECT ON THE CONDITIONAL DISTRIBUTION

The second question addressed in this work is measuring the effect Covid had on
achieving different grade levels. In particular, the interest in this case is in
determining whether students in 2020 were more likely to fail the exam or to perform
below average, or to gain high scores, relative to 2019 students.

The focus is, therefore, on the estimation of the conditional cumulative
distribution function (cdf) at different points of the support. The approach usedin
thisworkistodefineH thresholdsy,,h=1,...,Hand, for each one of them, estimate
aprobit mode! for the binary dependent variable Grade< 'y, :

P(Grade< y| X)=&( XB), hel,..., H

where® isthestandard Gaussian cdf. Theregressionvectors 3, arefreetovary with
the thresholds, and this entails aversatile approach, that could be used to estimate
semiparametrically the whole conditional distribution of the dependent variable
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(see Foresi and Peracchi (1995) or Chernozhukov et a. (2013)).

Thisflexible specification permitsto account for non-constant effects of one
or more covariateson Grade: for example, low-GPA studentsmight suffer ahigher
effect on the probability of failing the exam, while high-GPA students are more
likely to observe a stronger negative effect (if any is observed at al) on the
probability to have higher grades.

Asmentioned intheIntroduction, the chosen thresholdsarefour (H =4): the
first oneisthe passlevel Grade= 18, the other three are 25, 27 and 29. These three
valuescorrespondtothesmallestintegersabovethefirst, second and third empirical
quartiles of the variable GPA (not standardized), equal to 24.67, 26.9 and 28.6
respectively. Except for thethird quartile, for whichitismoreinterestingto estimate
the probability 1—P(Grade= 29| X), the probabilities considered are all |eft tail
probahilities. Therefore, the expected sign for the coefficient of Covid is positive
for the first three thresholds, and negative for the last one.

Table 6 reports the results of the four models, obtained using the whole
sample.Asinthelinear regressionanalysis, zerogradesaretreated likewithdrawal s
and the session variable ranges between 1 and 6. The results based on the first
session only are available on request. They are coherent with the onesin Table 6,
except for the inclusion of the interaction term of Italian with GPA, that isinstead
omitted in all models of Table 6 becauseit isirrelevant.

In this case, due to students re-takes, the independence assumption of
classical probit regressionisimplausible, thereforetheestimatesareobtained using
the generalized estimating equation approach, that allows for dependence across
units (see Halekoh et al. (2006), Yan and Fine (2004), Yan (2002)).

According to the estimates, the probability of failing the exam did not raise
in 2020, once controlling for all other factors, on the contrary the coefficient of
Covidisnegative, albeit non significant, while there was asignificant increasein
the probability of gradesbel ow the median and bel ow thefirst quartile (of thegrade
point average). Being an Italian student overcompensates the year effect, but this
effect is smaller and only 10% significant on the probability of attaining an
excellent grade. GPA is, unsurprisingly, always significant and has the expected
sign, positiveinthelast columnand negativeinall other cases, although higher GPA
has a smaller and only 10% significant effect on the probability of passing the
exam. PrevGrade, on the other hand, has a positive and strong effect only on the
probability to pass, clearly because the event of having failed before, that is the
reason of amost all retakes, is strongly associated with lower grades. The time
variable (Session) always tends to decrease the probability of a lower grade,
although its effect is significant only for the Fail event.
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Tab. 6: Resultsfrom probit models, all sessions

Dependent variable:

Fail (Grade<25) (Grade<27) (Grade= 29)
(1) v 3 (@)
Covid -0.118 0.638" 0.543" —0.368
(0.321) (0.278) (0.269) (0.324)
Session —-0.169" —0.049 —-0.016 0.019
(0.089) (0.078) (0.079) (0.080)
Italian —-1.010"" —0.591""" -0.575"" 0.428"
(0.276) (0.216) (0.199) (0.236)
GPA —0.094" —-0.301"" -0.286""" 0.256""
(0.054) (0.051) (0.049) (0.066)
Iratio -0.190 -0.166 -0.170 0.089
(0.184) (0.111) (0.126) (0.137)
PrevGrade -0.057"" —0.008 —0.002 0.003
(0.021) (0.010) (0.010) (0.012)
Stats -0.215 0.155 0.418 -0.335
(0.322) (0.333) (0.298) (0.346)
FirstYrTakers -0.618 0.426 0.358 -0.315
(0.489) (0.410) (0.411) (0.477)
Constant 4,010 8.280""" 7.970"" - 7.610""
(1.360) (1.310) (1.240) (1.740)
Observations 282 282 282 282
Note: "p<0.1; "p< 0.05; "p<0.01

Inorder to haveaclearer pictureof theactual effectsof thevariableof interest
on the four probabilities, Figure 4 plots the estimated marginal means, computed
over the variable Covid (called Year in thefigure, dashed lineis 2020, solid lineis
2019) and also over GPA and nationality (Ieft panels correspond to non Italians,
right panelstoItalian students). PictureA showsthat, irrespectiveof theyear, Italian
students Fail the exam with a probability roughly from 25% (high GPA) to 35%
(low GPA) lower than non Italian students.

Nationality does not play such a strong role in the other three cases. In
general, Italian studentswith higher GPA havelower probabilitiesthat their grades
fall below the threshold relative to their non Italian counterparts. However, for the
twointermediatethresholds(Gradebel ow 25 or 27), low GPA Italian studentsseem



Did transition to online teaching during COVID-19 pandemic affect ...

91

probit Effect plot, all sessions, probability to fail the exam A
Italian = 0 U Italian = 1 L

60%
RN .. Year
I o
> =, .. N earl
20%

S e
20.0 225 25.0 270.5 30.0 200 225 25.0 275 30.0
GPA
probit Effect plot, all sessions, probability of event Grade is less than 25
Italian = 0 H Italian = 1
100% Croe
'\\ -._.. . -,_... B
T "~ -
. ~.‘_.
75% N \\ -~
s \\ e Year
5 ey \ L -0
£ 50% S - -
\ 3 ..
N EN
25% N >,
\ -,
Y
~
. . X 270.5 30.0_ 20.0 225 25.0 275 X
20.0 225 25.0 . 30.0
probit Effect plot, all sessions, probability of event Grade is less than 27
Italian = 0 H Italian = 1
100% —ivs
e ",
) .
75% LS \\ o,
", ‘n.
[, N\ ™, Year
) \ . -0
5 50% \ i\ AN ~1
@ »,
$ N N -
N\, .
N \ >
25% \
20.0 225 25.0 270.5 300,200 225 25.0 275 30.0
probit Effect plot, all sessions, probability of event Grade is greater than or equal to 29
Italian = 0 i Italian = 1 |
60%
40%
= Year
3 -0
S -l
20%
/ . et
0% crrerti i e

20.0 225 25.0 270.5 30.0 20.0 225 25.0 275 30.0
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tohavesuffered astronger Year effect thantheir nonItalian peers. TheaverageYear
effect, that is, thedistancebetween the solid and dashed lines, tendstoincreasewith
GPA, except in the probability of Fail (panel A). In the case of Italian students,
however, the average Year effect seemsto peak when the GPA is approximately 2
pointslarger than thethresholdy, and after that level the distance between the solid
and dashed curvesis slowly reduced (see graphs B and C). A similar effect is not
visible for non Italian students.

4. CONCLUSIONS

The aim of this paper is to measure the effect of the lockdown imposed by the
pandemic and the consequent transition of the universities to teaching in distance
and online exams. The variable of interest refersto the year when al this changes
occurred and it therefore incorporates all factors falling under the same umbrella
of asomewhat general Covid effectsuch aspsychological distressor technol ogical
and | ogisticdifficulties(slow or unstablewifi connection, lack of comfortablespace
for studying or taking tests). The results show in particular a mildly significant
negative effect of giving the exam in the year of the pandemic.

From the linear models for the conditional mean, coefficients associated to
Covidaresignificant and suggest that taking theexam after the Covid’sbreakdown
had a negative effect on the performance, especially in the first exam session.
According to the specifications (2) and (3) of Table 4, the measured effect
corresponds to a reduction of the final grade by 29-32% of standard deviation,
whilethecoefficientsin Table5 rangebetween 0.20 (column (1) OL Sspecification)
and 0.28 (column (4) Mixed-effects model) timesthe standard deviation (equal to
7.23 throughout the 12 sessions).

Although smaller, theseeffectsareessentially inlinewiththeeffect of online
coursesin Bettinger et al. (2017), who found an expected reduction of onethird of
the standard deviation.

Theinclusion of thevariablelratio, when datafrom all sessionsare available,
permitsto account for class composition and thusto eliminate part of the effect of
the variable Covid that is due to cohort differences. For this reason, the OLS
coefficientsin Table 5 are significantly smaller, in absolute value, than thosefrom
Table 4.

Mixed-effects models are able to account for potential students random
effects that are not captured by the other regressors; this affects the estimates of
Covid effect, subject to anincreasein absoluteterms and in the standard deviation.

It must be pointed out that time is afactor that could possibly mitigate the
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Covid effect: students got used with the new online examination procedure and, at
the same time, the health situation improved and the quarantine measures were
gradualy relieved. Thisisalso suggested by the time variable Session, that has a
positive and 5% significant effect in the mixed-effects models.

Theeffect that Covid year had onthe conditional distribution of thefinal grade
isalso estimated. Four binary variablesD, = {Grade<y,} aredefined at different
threshold levelsy, and independent probit models are estimated corresponding to
eachthreshold (D,, forh=1,2,3and 1- D, thusallowing for the effects of Covid
and of theother covariateson theconditional distribution tovary acrossthesupport.
Theheterogeneity of Covidyear effectishighlightedin Figure4, wheretheaverage
marginal effectson the cumulative conditional distribution function of Grade, over
Covid, nationality and GPA are computed, for the four levels.

Theresults show no evidence of an effect of the probability to fail the exam,
while it seems that the pandemic increased the probability to underperform: for
example, studentswith high GPA (29 or above) experienced ahigher probability to
get agrade below 27 (panel C), with an increase by about 20 percentage points
relative to 2019. This difference is particularly relevant for Italian students, for
which the probability P(Grade < 27 | X') ailmost doubled going from 0.25 to 0.45
(for students with GPA = 29).

The main limit of this paper is the sample size used for the analysis, which
does not alow to obtain decisive results, especialy once the class composition
effect is taken into account by the inclusion of the variable Iratio.

It would be of interest to identify the contributions of the different factors
entering thebroad definition of Covideffect usedinthispaper, suchaspsychol ogical
or practical issues, but this is unfortunately impossible with the available data.
Further investigation on a larger sample of students, from several courses from
different faculties would allow a deeper insight of the effects of the disruption
caused by the pandemics, on aternative measures of student’s achievements (not
only grades, but also the number of examsin a semester, delayed graduation time,
etc...) and its persistence through time.
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Abstract: Nowadays split-plot designs play a crucial role in technological fields, both
for their flexibility when applying a robust design approach and in relation to the
modelling step, by considering mixed Response Surface models and/or the class of
Generalized Linear Mixed Models (GLMMs). In this paper, a split-plot design is studied
in a process optimization scenario involving several response variables, a multi-
response situation, where two optimization methods are compared. More precisely, by
considering a real case study related to the improvement of a measurement process of a
Numerical Control machine for measuring dental implants, the optimization is carried
out with the Pareto front approach and then compared with an analytical optimization
method obtained starting from the definition of a risk function. In the final discussion
advantages and disadvantages of application for both methods are evaluated.

Keywords: split-plot designs, multi-response process optimization, Pareto front
approach, analytical optimization methods

1. INTRODUCTION

Process optimization is a key issue for statistical quality control, and its
relevance has increased since the long and fruitful scientific debate related to
Taguchi’s two-step procedure for robust design (Nair, 1992). Currently, the
robust design approach involves three key-steps: experimental design,
modelling, and optimization. For a successful implementation, it is important to

1 Corresponding author: Rossella Berni, email: rossella.berni @unifi.it
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involve noise factors starting from the experimental planning, and then
modelling them through a suitable analysis in the subsequent optimization
phase. Therefore, the concept of process optimization is extended to robust
process optimization, where control and noise variables are jointly studied to
attain the best set of control factor levels that simultaneously achieves the target
value and minimize the process variability with a robust configuration. In this
context, the process optimization strictly depends on the designed experiment
and on the class of statistical models applied. Specifically, Response Surface
Methodology (RSM) approaches (Myers et al, 2016) may be used, or,
alternatively, an experimental design may be planned outside the RSM context,
modelling the experimental data with a more flexible class of statistical models,
e.g. Generalized Linear Models-GLMs (McCullagh and Nelder, 1989; Nelder
and Lee, 1991; Lee and Nelder, 2003) or Generalized Linear Mixed Models-
GLMMs (Dror and Steinberg, 2006; Robinson et al., 2006; Berni and Bertocci,
2018).

Undoubtedly, the two choices of experimental design and modelling are
related to what is known about the process to be studied and optimized; the
same line of reasoning should be applied when deciding on which, how many,
and the type of response variables have to be considered. In fact, the multi-
response situation should be evaluated when the real scenario shows that several
response variables are naturally involved, and they are important to the overall
process under study. If this is not the case, then a simpler choice should be used,
since collinearity, often present among responses (Box et al., 1973; Chiao and
Hamada, 2001), can lead to serious complications both in analysis and
optimization.

Moreover, in a multi-response situation, the optimization step is crucial,
since it is generally not feasible in practical terms to reach an ideal optimum
simultaneously for all the responses. In literature there are several methods for
achieving optimal solutions as a compromise among several response variables,
including Derringer and Suich (1980), Khuri and Conlon (1981), Del Castillo et
al. (1996), Copeland and Nelson (1996).

A further issue concerns the conjunction of a multi-response case and the
dual response approach. The simultaneous optimization of several variables,
jointly with the consideration of two statistical models, e.g., location and
dispersion, complicates the analysis and interpretation of results. Indeed, we
should make a distinction when considering the differences between the dual
response approach, or, alternatively, when a single response model, opportunely
weighted with respect to the estimated dispersion values, is applied in a “true”
multi-response case. In the latter case, the application of analytical methods for
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optimizing can give fruitful and satisfactory results, particularly by considering
recent developments involving noise factors.

To this end, several optimization measures are suggested in the literature
(Lin and Tu, 1995; Tang and Xu, 2002). The Pareto front approach is a multi-
response optimization method of the analytical-qualitative type, consisting of
two sequential steps: a first step based on objective conditions identifies the
dominant solutions, and a second step based on examining the identified
alternatives and then selecting the best solution conditions that subjectively
match the experimenters’ priorities (Lu et al., 2011; Chapman et al., 2014a).

In this paper, data from a split-plot experiment (Berni, 2010) are optimized
through the Pareto front approach (Chapman et al., 2014b), and following, the
results obtained are compared with a proposal of the analytical optimization
method. More specifically, both methods are compared and discussed through
an empirical example in the orthodontic field, in order to improve the accuracy
in the measurements of a Numerical Control (N/C) machine, which provides
some automatic control of machining tools.

This paper is structured as follows: in Section 2, the basics of split-plot
designs are reviewed and briefly illustrated. Section 3 provides a short
description of both optimization methods, and Section 4 presents the case study
including optimization results. The paper ends with a general comparison
between the two approaches, and final remarks.

2. SPLIT-PLOT DESIGNSFOR STATISTICAL QUALITY CONTROL:
A REVIEW

The split-plot design (Cochran and Cox, 1957) has been developed and
characterized over the years, proving to be an experimental design widely used
in industrial, technological, and environmental fields, because of the need to
restrict randomization on expensive or hard-to-change factors in the experiment.

By considering the developments that the fractional factorial and RSM
designs, and modelling have had since the 1980s, the split-plot design has
experienced a particular renewal (Box and Jones, 1992), expounding its
theoretical features, specific usefulness for the statistical quality control and
robust design concepts, initially introduced by Genichi Taguchi, (Nair, 1992). In
this context, the two seminal papers of Vining and Myers (1990) and Myers et
al. (1992) extended the two-step procedure into the dual response approach, and
the combined-array is considered as a milestone for recent developments and
robust process optimization. Within this methodological framework, the split-
plot design plays a central role, starting from the tutorial by Box and Jones
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(1992), in which the authors proposed the split-plot design as an efficient
alternative in many experiments, for example with hard-to-change factors, to
Taguchi’s product-array for a robust design approach, and also in a fractional
factorial setting (Bisgaard, 2000).

Recently, split-plot designs have great relevance for the latest developments
in robust process optimization, extending the initial concept of the robust design
approach, with a focus on the design and modelling steps (Kowalski and
Potcner, 2003; Kowalski et al., 2007; Jones and Nachtsheim, 2009). More
recently, the split-plot design has been revised and included in the class of
crossed bi-randomized experimental designs (Myers et al., 2016), given the
possibility of including environmental/noise factors as Whole-Plot (WP) factors
and process factors as Sub-Plot (SP) factors. The standard allocation of the
environmental/noise factors as WP allows for the most accurate estimate of the
factors of interest, as well as the estimate of the 1* order interactions, e.g., the 1%
order interaction between a WP factor (for example a noise factor) with a SP
(process) factor, in order to perform a robust design (Berni and Nikiforova,
2022). This structure is common in many applications, given the generally high
cost of controlling the noise factors in production.

Nevertheless, a split-plot design in a RSM context generally requires that
all the variables included in the experimental plan (irrespective of whether WP
or SP factors) must be quantitative in nature. In fact, in case of a qualitative
process variable, the optimization step is conditioned to the levels of the
categorical variable involved. To this end, the inclusion of a qualitative variable
should be limited (Berni, 2010) or restricted to two levels where they can be
treated as quantitative in standard models. Moreover, the presence of
measurable noise factors, involved as random effects, is possible when the split-
plot design is applied through mixed Response Surface (RS) models, or
alternatively, through GLMMs.

Additional developments in the literature have contributed significantly to
the inclusion of the split-plot design in RSM, showing the equivalence of
Ordinary Least Squares (OLS) with Generalized Least Squares (GLS) for split-
plot designs and mixed RS models (Vining et al., 2005); and improving
inference issues (Vining and Kowalski, 2008).

2.1. THEORY ABOUT THE SPLIT-PLOT DESIGN

When implementing a split-plot design, it is essential to begin with a
primary classification between WP factors and SP factors. It is therefore
desirable to carefully evaluate what is possible in the experimental set-up for the
specific process (industrial process, laboratory experiment) under study,
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considering the exact definition of the response (quantitative) variables. Also, it
is necessary to define the role of each variable in the study, in order to plan the
split-plot design based on the most efficient arrangement for the specific
scenario. This step plays a central role, not only in the attribution of factors as
whole-units or sub-units, but also determines the subsequent model estimation,
in which each variable plays a specific role, according to its nature (qualitative,
discrete quantitative or continuous). It is also a crucial point to clarify the
distinction between fixed and random effects.

In short, a Whole-Unit (WU) is defined by runs involving the set of WP
factors, and the run order of all the WUs is randomized. Subsequently, the Sub-
Units (SUs), defined through the combination of levels (runs) of the SP factors
within the WUSs, are associated with a particular WU and randomized
separately.

In this study, we consider a split-plot design in a RSM context. More
precisely, we are interested in applying a standard second-order polynomial
model with random effects. The model with random effects for the single
experimental observation y, (u =1,...,n) and J variables (xy, ..., X}, ..., X;) is
(Khuri, 1996):

Yu = BO + f’(xu)ﬁ + Z;ﬂ' + g’(xu)AZu + &y (1)

where f is the intercept; f = (,81, ...,Bp)’ is the column vector [px1] of the
unknown fixed parameters (p = J); x, = (xul, e Xy ) ...,xw)’ is the vector of
design settings at the u-th experimental run; f(x,) is a vector function of
dimension [px1] defined for each x,, and related to the p second-order effects
for the J variables. Therefore, F is the so-called "extended" matrix of dimension
[nxp], formed by the n rows f'(x,); &, is the residual error. For the random
effects, z,, = (zy1, .., Zyp)' is the vector of binary values (0,1) to describe the
presence and structure of the block factors; ¥ = (¥4, ..., ¥p)" is the column
vector [bx1] of the unknown coefficients relating to the random effects. The
matrix A characterizes the 1% order interactions between polynomial effects (fixed)
and random effects. The maximum dimension of A is achieved if the
interactions of all fixed effects with random effects are included in model (1).
Note that this matrix contains the key estimated coefficients for evaluating the
robust design as the control-by-noise interactions that can be exploited to
achieve robustness.

Starting from the model expression (1), the second-order polynomial model
of response surfaces from a split-plot design is outlined, considering quantitative
variables only. For further details, see Myers et al. (2016).
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Let’s consider two sets of factors: z = (24, ...2;, ..., Z;) are WP random
factors/variables and x = (xy,..%j,..,Xx;) are SP variables/factors.’
Furthermore, let y,, be the u-th observation of the k-th block, for the i-th WP
factor and the j-th SP factor respectively (i = 1,..,1;j =1,..,;k =1,..,K);
therefore, the second-order mixed RS split-plot model for a single replicate
(K = 1) and a single observation u is defined as follows:

yu(z, %) = Bo + ziy + 2Tz, + x[;B + x[;Bx;; + z;Ax;; + P, + &, (2)

where B, is the intercept; z; = (z;4, ..., Ziy, ..., Zin)' is the vector of the i-th WP
factor; ¥ contains the unknown coefficients of linear terms of the WP variables;
T is the array related to the coefficients of the 1™ order interaction and quadratic
terms of the WP variables; xX; = (le, ever Xjys v xjn)’ is the vector of the j-th SP
factor; B contains the unknown coefficients of linear terms of the SP variables;
B is the array containing 2"® order coefficients for the fixed effects of SP
variables; the matrix A, contains coefficients of the 1 order interaction effects
between the WP and SP factors. The model terms in the matrix A are of primary
interest in the context of robust design evaluation. Regarding the two error
components, ¥, is the WP error component and &, is the SP error component,
where in general the two error components are assumed to be independent and
identically Normally distributed, i.e. ¢~ iid N(0,05) and e~ iid N(0,02),
respectively. In addition we also assume that Cov(y, &,) =0 vu. The
assumptions about the error variances and covariances are equivalent to assume
constant covariance between two observations belonging to the same WU,
across all its observations.

In the case study illustrated in Section 4, the multi-response case is related
to the optimization involving three split-plot models, one for each response,
estimated applying the RSM model above.

3. OPTIMIZATION METHODS

This Section includes a short description of both optimization methods
considered. The Pareto front approach (Lu et al., 2011; Chapman et al., 2014a;
Chapman et al., 2014b) is also illustrated within the case study, considering the
application (Subsections 4.2 and 4.3); a brief introduction of the analytical

2 Pleasenotethat we are referring to afactor/variable considering that the experimental region
X is defined by the factor ranges; a finite number of experimental points, forming the
experimental design, is then selected by the experimental region. Following, the model
estimationis performed withinthewhol e experimental region, by inferring from adiscrete set
of points, e.g., the experimental points, to a continuous one.
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method is illustrated in Subsection 3.2. For further details see (Berni and
Gonnelli, 2006; Berni, 2010; Berni and Burbui, 2014).

3.1. THE PARETO FRONT APPROACH

The Pareto front approach is a multi-response analytical-qualitative
optimization method, which allows the search for optimum to take subjective
priorities and constraints into account, such as those due to a company’s
requirements (for example, costs or technical/engineering specifications). It
consists of two sequential steps (Chapman et al., 2014a; Myers et al., 2016;
Anderson-Cook, 2017), as outlined below.

Suppose that y defines the entire experimental region; within this region a
finite set, possibly a grid, of points, is selected and used to estimate the
responses of interest and used to define a Pareto-optimal set. A possible solution
is called non-inferior (or Pareto-optimal), if and only if, there is no other
combination within the set for which the values of all the responses are at least
as good, and the value of at least one response is strictly better; otherwise, the
solution is called inferior or dominated. The set of non-inferior (or Pareto-
optimal) input combinations is called the Pareto-optimal set, and the
corresponding set of vectors for the responses under consideration is known as
the Pareto front or frontier. Since the inferior solutions are not rational choices
conditional on the choice of responses under consideration, they are not
considered further and definitively discarded (Zitzler, 1999; Marler and Arora,
2004; Coello Coello et al., 2007). This leads to a reduced number of alternative
solutions to be considered further in later stages of the optimization.

The Pareto front approach can be summarized with the following two steps:

1. An objective step, where the Pareto-optimal set is identified from the
initial set of choices, based on the corresponding estimated response
values;

2. A subjective step, in which the points belonging to the Pareto-
optimal set are examined and then compared. Only points that
provide the best combination of responses are considered as a
compromise among all the estimated response values (quantitative
considerations). This choice is based on evaluation and incorporation
of the priorities/preferences of the company.

It must be noted that several optimal points corresponding to input
combinations could be considered and compared for selection, by considering
the priorities of different teams (decision-makers) involved in the study.
Therefore, the best optimal solution combines the quantitative results with the
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decision-makers’ priorities. Moreover, graphical methods are a useful tool for
discussion, comparison and achieving a consensus among all stakeholders
(Anderson-Cook and Lu, 2018).

3.2. THE ANALYTICAL METHODS FOR A ROBUST PROCESS
OPTIMIZATION

When dealing with several response variables, it is generally not feasible in
practical terms to simultaneously achieve the optimum for each of them with a
single input combination. To this end, many authors, starting from the methods
suggested by Derringer and Suich (1980) and Khuri and Conlon (1981), have
proposed methods to synthetize and optimize the responses, such as Ames et al.
(1997), Del Castillo et al. (1996), Rajagopal et al. (2005).

In addition, a further issue emerges when considering the multi-response
case and the dual response approach. Here, the simultaneous optimization of
several variables jointly with the consideration of two statistical models, e.g.,
location and dispersion models, increases the complexity and dimensionality of
the problem.

In order to solve the latter issue, which could imply a notable computational
burden, analytical optimization methods can be defined and simplified starting
from the dual approach theory and the building of a suitable performance
measure (Leon et al.,, 1987). To this end, we consider a multiplicative
relationship between the expected value (E(y) = ,u(x)) and the process
variance (Var(y) = 0%(z,x)) defined as the variance of the response variable.
Moreover, the expected value of the response could be identified in relative to
the target value (e.g., E(y) = 1), according to the Nominal the Best (NTB),
Smaller the Better (STB), or Larger the Better (LTB) situations. At the
beginning a general risk function is expressed as follows:

R(z,%) = (u(x) = 1)* + f(u(x))o*(2,%) &)

Formula (3) explicitly involves two terms: i) (u(x) — )% which expresses
the adjustment to the target value, while ii) f(,u(x))az(z, x) is related to the
multiplicative relation between location (adjustment) and process variance
(dispersion). Therefore, formula (3) allows for defining specific objective
functions in a dual response approach perspective, (Berni and Gonnelli, 2006),
and particularly, to optimize several response variables without separately
estimating the two statistical models for each response. This approach provides
a simplification as well as a weighting of the responses according to their
relative importance.
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More recently, split-plot designs and modelling have been optimized by
explicitly involving one model only for each response in a robust process
optimization context, in which random effects are also evaluated (Berni and
Bertocci, 2018; Berni and Nikiforova, 2022).

Let’s start by defining a general response surface model, y, (t = 1, ..., T),
for each of the T responses. The simultaneous optimization may be performed
considering the T estimated surfaces; each estimated model is evaluated as a
single function to be included in the objective function to be optimized. Starting
by formula (3) and considering the concept of a dual response approach, a
general objective function can be defined as the distance between the estimated
surface ¥, and the corresponding desired target value 7,:

Si(z,x) = (9(z,x) - Tt)z vt

The approach can be easily adapted for responses where the goal is to
achieve a maximum or minimum value. Subsequently, the minimization on the
coded experimental region y is performed by minimizing the sum of all the

distances, as follows:
min {Z S.(z, x)l “)
X
t

The objective function (formula (4)) is optimized conditional on the whole
experimental region y defined by the process variable ranges (and potentially
any limiting constraints for other technological issues), as well as involving the
estimated confidence interval for each random coefficient when random noise
factors are present.

In the following section, we compare the two optimization methods, the
Pareto front approach (Subsection 3.1), and the objective function of formula
(4), where the goal is to improve the accuracy of the measurement process of a
N/C machine, used in the orthodontic field; the measurements of which are
analyzed for a generic dental implant.

4. THE CASE STUDY: DATA DESCRIPTION AND PROCESS
OPTIMIZATION

In this Section, comparison of multi-response optimization methods is
made, after a short description of the experimental planning and data. For
further details see Berni (2010).
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4.1. SPLIT-PLOT DESIGN AND DATA DESCRIPTION

The aim of the study is to improve the accuracy in measurements for a N/C
machine, jointly with a reduction of the measuring time. The machine uses a
feeler pin with a movable bridge framework to facilitate the positioning of the
measured piece (dental implant). The machine needs specific environmental
conditions to function properly, all of which were ensured previously (see Berni
and Gonnelli, 2006).

In Berni (2010), five response variables, T =5, were optimized
simultaneously applying formula (4) and related to the different positionings of
the feeler pin on the dental implant during the process measurement steps. In
this paper we focus on the optimization comparison by looking at a subset of
three response variables.

By considering the dental implant used to set the measurement process, the
three responses are (with their respective targets in brackets): maximum circle
diameter-crmax (z4: 3.000), minimum circle diameter-crmin (t,: 2.790), and
eccentricity-eccen (tg: 0.000). There is no problem with correlation among the
three dependent variables, since each type of measurement is carried out as a
distinct step; moreover, each response variable is independent from the others
during the measurement of the piece. In order to reduce the measuring time, it is
possible to intervene on the process phase related to the identification of the
cone frustum, identified by three circles, at three different distances. In Figure 1,
the frustum of cone is shown by highlighting the three circles used to locate it.

Fig. 1: Location of the frustum of cone by three circles and definition of the “ circle-point”
factor
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In the initial setting, the N/C machine measures 7 points on each circle
(7,7,7), each point is denoted with a dot in Figure 1. A categorical input factor
"circle-point-cp" is then defined at four levels with each level corresponding to
a different number of points measured on each circle: (1) 7,7,7; (2) 7,5,7; (3)
5,7.5;(4) 5,5,5.

Two other variables are involved in the split-plot design: measurement
speed-mspeed (mm/sec), and drift speed-dspeed (mm/sec). Therefore, a split-
plot design with three factors is planned: two WP process factors, both at two
levels (measurement and drift speeds), and only one SP control factor, the ¢p
categorical factor at four levels. The final split-plot has 112 runs with seven
replicates.

Standardization of the responses was carried out (Berni, 2010) to
compensate for differences in magnitude among responses, even though both
responses and WP factors are expressed with the same unit of measurement.

4.2. THE PARETO FRONT APPROACH: OBJECTIVE PHASE

In order to identify the Pareto-optimal set, a series of 1764 combinations of
the factor mspeed, dspeed and cp levels were identified, from which, the
predicted response values cFmax, crrn and eccen were estimated using the
model form described in formula (2). The set of possible input combinations
(Figure 2) was formed by constructing a grid of points based on discrete levels
of mspeed and dspeed for each level of the factor ¢p. The fineness of the mesh
of each grid is 0.1, since this choice balances the complexity of calculation and
valid coverage of the two-dimensional region, (ranges of mspeed and dspeed
factors). The combinations of the possible solutions are labelled from 1 to 1764
according to the approach described in Chapman et al. (2014a): i) from the first
grid on the upper left to the lower right grid; ii) inside each grid starting from
the bottom row and moving from left to right, then starting at the end of each
row, from the leftmost point of the next row.

The obtained Pareto-optimal set consists of 61 combinations, highlighted by
the solid circles in Figure 2. These all combinations involve ¢p = 4, which
requires the smallest number of measured points. Therefore, irrespective of the
choice in the subjective phase, the Pareto front results ensure that an
improvement in the measurement time is always obtained.
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Fig. 3: Pairwise scatter plots of the points belonging to the Par eto front

4.3. THE PARETO FRONT APPROACH: SUBJECTIVE PHASE

In order to compare the 61 combinations of the Pareto-optimal set, the
following procedure is carried out (Chapman et al., 2014a; Myers et al., 2016;
Anderson-Cook, 2017): i) the Pareto front values of each predicted response are
transformed into desirability values, so that the best value obtained (from the set
of solutions comprising the front) for each response is scaled to one, while the
worst value is scaled to zero; ii) for each combination of the Pareto-optimal set,
the respective desirability values are combined in a single global desirability
function. Since it was considered appropriate to heavily penalize undesirable
predicted response values, we choose the standard multiplicative desirability
form, based on the geometric mean expression, as follows:

D (Xp, W) = dcrmax (x?)wcrmax X dcrmin (x?)Wcrmin X deccen (x?)weccen

where xp is a combination of the Pareto-optimal set; dermax(Xp), dermin(Xp),
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deccen (Xp) the single desirability values related to the three predicted responses;
W = (Wermax Wermins Weccen)' @ Weight vector, With Wermax: Wermins Weccen =
0 representing the weights assigned to the three response variables and w4y +
Wermin + Weceen = 1. We note here that the small deviations of the response
values from their desired targets mean that even small misses from the target are
being strongly penalized, because one minimal error in measurements can lead to
a serious risk for a patient.

Figure 4 shows the mixture plot, which identifies the best combination (i.e.,
the optimum point for achieving the highest value of the global desirability
function) for each possible weighting of the response variables. Each point of the
mixture plot represents a weight vector (e.g., the left bottom vertex represents
w = (1,0,0)', the centroid marked with a black cross represents w =
(1/3,1/3,1/3), and the bottom edge represents the weight vectors with
Wermaxr Wermin > 0 and Weecen, = 0). For further details see Cornell (2002).

eccen

_& \ jr \g _.-/

crmax . 0.6 0.4 0.2 crmin

Fig. 4: Mixtureplot
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In the case study, 41 of the 61 combinations belonging to the Pareto-
optimal set appear in the mixture plot (each colored area identifies a different
combination), that is, they are best for at least one weight vector. Assuming that
the three response variables are thought to be of equal importance, the weights
reflecting company priorities/preferences are those around the centroid of the
triangle. The two best points for these weight combinations are 1723 and 1744.
In particular, 1744 is better for most of these weights, including the one directly
at the centroid of the triangle as well. Table 1 shows the detailed results
obtained for these two points, (1723 and 1744), differing only in the dspeed
level value, and providing similar predicted responses.

Tab. 1: Factor levels and predicted response values for the combinations 1723 and 1744

Factors Predicted responses
Combination
mspeed dspeed c¢p crmax  crmin eccen

1723 -1 0.9 4 3.00392  2.78911  0.00994

1744 -1 1 4 3.00390  2.78912  0.00998
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Fig. 5: Trade-off plot of the 41 best point combinationsfor at least one weight combination
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Figure 5 contains the trade-off plot illustrating the desirability values
(internal vertical axes) and absolute value differences between the predicted
response values and the respective targets (external vertical axes) considering
the 41 solutions that are best for at least one weight combination. In Figure 5,
the trade-offs between the pairs of responses are similar to those highlighted by
the pairwise scatterplots in Figure 3. Moreover, as shown in the mixture plot
(Figure 4); the point combinations 1723 and 1744 provide an ideal balance
among the three responses when they are all prioritized as being equally
important.

In order to better analyze and compare these two combinations of interest,
Figure 6 shows the synthesized efficiency plots (Lu and Anderson-Cook, 2012)
which allow comparison of the relative efficiency of individual solutions with
the best available across all the possible weight vectors.” The synthesized
efficiency of a point combination (belonging to the Pareto-optimal set) xp , with

weight vector w, is defined as follows:

D(x:P' W)
maxy, [D(xp,w)]

The shading, from white to black, represents the transition from high to low
values of the synthesized efficiency. Each of the 19 shades of grey, starting from
the lightest, corresponds to a decrease in the synthesized efficiency of 0.05.

eccen eccen

08 402 08 I,’ ! 0.2

06 0.4 06 04
04 06 04 06
X X
02 08 0.2 08

cmax 08 06 04 02 crmin crmax 08 06 04 0.2 crmin

combinations 1723 combinations 1744

100% 75% ®50% ®25% ®0%
Fig. 6: Synthesized efficiency plot for the point combinations 1723 and 1744

3 It should be noted that for the construction of the synthesi zed efficiency plots (Figure 6) and
the mixture plot (Figure 4), a set of 20301 weight combinations has been defined, where
adjacentwei ghtsrel ated to asameresponsevariableare separated by adistanceequal to 0.005.
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The large white region characterizing the two graphs, represents
approximately 75% and 74% of the triangles, respectively, and indicates that
both points have a synthesized efficiency of at least 0.95 for a substantial
number of weight combinations. In particular, the white region around the
centroid of the triangle, indicated in Figure 6 with a black cross, shows that both
point combinations give excellent performance at the weighting region, which
reflects the company's priorities/preferences. The graphical plots provide
detailed information about the relative performance of the different contending
solutions and allow the experimenter to understand what alternatives are
available.

Moreover, we select the optimal solution as represented by combination
1744, since it is slightly better for a large number of weight combinations, and
in particular, for the weighting giving equal importance to the three response
variables. However, input combination 1723 provides a similar performance,
thus representing a valid competitive alternative.

4.4. RESULT COMPARISON BETWEEN THE TWO APPROACHES

Table 2 shows the results from both multi-response optimization methods:
the Pareto front approach and the analytical method applied in Berni (2010). By
comparing (Table 2) the optimum point combination 1744 (Piattoli, 2020) and
the optimal analytical solution, we can observe how only one process factor, cp,
shows the same optimal level; nevertheless, it must be noted that the circle-point
variable is the main process variable that we are interested in optimizing.
Although both combinations provide similar predicted response values, the
analytical method allows for obtaining a better value for the response e¢cen.
This is an important result in view of the relevance that this response variable
has in the actual process. The constructed Pareto front contains similar solutions
to those identified by the optimal analytical solution, but corresponding to
different weight combinations. Hence, with a more thorough exploration of the
solution set identified with the Pareto front, a similar solution could be selected
relaxing the assumption that all the responses were of equal importance.

Tab. 2: Optimization results: the comparison

Factors Predicted responses
Method
mspeed dspeed cp crmax  crmin eccen
Pareto front -1 1 4 3.00390 2.78912  0.00998

Analytical 0.710 0.362 4 3.00300  2.78500  0.00100
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It is important to note, however, that although a Pareto front can be
constructed for any number of responses of interest, the graphical tools
considered here only used three response variables, unlike the five considered in
Berni (2010). For this reason, it was only possible to make a partial comparison
between the results obtained through the two different methods. Nevertheless,
the Pareto front approach offers the possibility of using additional graphical
tools (Lu et al., 2017), which enable multi-response optimization of more than
three response variables.

Moreover, through the analytical approach, the optimization was carried out
considering both non-standardized and standardized data, where the latter gave
the best optimization results.

5. GENERAL COMPARISON AND FINAL REMARKS

The results obtained through the case study allows us to perform an
empirical comparison between the two approaches, where some specific
differentiations could be viewed in a theoretical perspective, as outlined in the
following scheme (Table 3). Both methods use the same experimental plan, data
and analysis, but then differ in how choose to optimize the settings of inputs.

Tab. 3: Theoretical step comparison between the Par eto front approach and the analytical

method
Sep Method
Pareto front Analytical
1 DoE: planning and trials DoE: planning and trials
2 Statistical modelling Statistical modelling
3 Optimization: Optimization:

A) objective phase - identification of a) definitionof objectivefunction (formula
Pareto-optimal set; 4);

B) subjective phase - choice of the b) minimization (or maximization) of the
optimal solution among the points objective function, and identification of
belonging to the Pareto-optimal set, the optima solution (optimal process
taking the quantitative results and variable levels),
the decision-makers' priorities into c) validation of the obtained results at step
account; (b) by: 1. the objective function value,

C) validation of the results obtained at (results also checked through:
step (B), intrinsic in the subjective convergency, gradient estimates,
phase. determinant of the Hessian matrix); 2.

application of the optimal solution
(obtained through step (b)) in the real
(actua) productionprocess, by involving
the stakeholders (engineers).
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Undoubtedly, the Pareto front approach offers the advantage of using
graphical tools in a simple and intuitive way, enabling straightforward
identification of leading solutions with discussion allowing for consensus of the
optimal solution among the various company teams involved. The elimination
of non-competitive choices streamlines where to focus further discussion.
Moreover, a subjective evaluation (Table 3, step B) can also be performed, with
the possible achievement of a unanimous decision among different stakeholders,
and considering different weightings of how important the performance on each
response is to overall results. It is possible to compare different identified
solutions, and see their relative strengths and weaknesses for each of the
responses of interest. Indeed, it allows for accurate comparison among several
input combinations of interest. A further advantage is the flexibility in response
weighting to handle multiple combinations of business priorities and to examine
the impact of these choices on the identified results. The transparent nature of
the Pareto front presents the experimenter with different alternatives that can bel
explored and compared. Nevertheless, this is also possible by performing.
analytical optimization methods (see Lin and Tu, 1995). In addition, response
weighting and analytical methods assign relative importance to each response
according to the estimated corresponding weight (Berni, 2010). This is
particularly helpful for solving technological issues and constraints, that can be:
measured and evaluated in a wide and general context. '

An advantage of the analytical method is the ability to include randomi
effects, within both the modelling and the optimization steps. Therefore, the
fixed as well as random effects are wholly involved, and as a result a robust
process optimization can be carried out, and the final validation (Table 3, step
c.2) specifically verified in the firm, allows for checking the validity in the
actual context. It is straightforward to use the same optimization function basedl'
on the inclusion of random effects for each of the responses as the basis for
constructing the Pareto front. '

The aforementioned advantages and disadvantages highlight the significant
relevance of both methods, as each has specific strengths and weaknesses that
would be relevant for a wide range of empirical situations (real industrial
processes, technological contexts) where they can be effectively applied.
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CIRCULAR ECONOMY IN SMALL AND MEDIUM-SIZED
ENTERPRISESIN THE EUROPEAN UNION:
HETEROGENEITY BETWEEN AND WITHIN COUNTRIES

Francesca Bassi!, Dario Costa
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Abstract. In this paper, we analyze the different behavior of small and medium-sized
enter prises (SMEs) with reference to eight specific Circular Economy (CE) actions. Data
come from a Flash Eurobarometer survey that investigates efficiency in use of resources.
We estimated classification trees (CART) in order to identify homogeneous groups of
European countries with regard to the adoption of CE practices by SMEs and multilevel
regression models to measure differences among SMEs in adopting sustainability mana-
gement, considering firms' characteristics. Results of the analysesreveal ed heterogeneity
between and within European countries. Fivegroupsof countriesareidentified, with SMEs
havingasimilar attitudetowar dsCE. Withineach group of factors, however, specificfirms
characteristics have a non-negligible effect on firms' decision to adhere to sustainability.

Keywords: Efficiency of resources, Circular Economy, SVEs, CART, multilevel analysis.

1. INTRODUCTION

In this paper, we analyze the different behavior of small and medium-sized
enterprises(SMESs) with referenceto eight specific Circular Economy (CE) actions.
Thetransition from alinear economic context to acircular oneimpliesfor products
and services a change from a production system with the phases of conception,
construction, use and disposal, to a system committed to having less waste and to
environmental issues. Themarketisgivingway toacircular ideaof thevaluechain,
which meansthat the environmental impact, that the material sthat composeit will
have, is assessed from the very beginning of the production phase, from its
conceptualization and design (Suérez-Eiroaet al., 2019). Therefore, inthelast few
decades, the major companies begun to consider asanew resource the opportunity
of processing the materials released by production and the products themselves,
once their use is finished. Reuse, and recycling are among the Rs on which the
Circular Economy is based (Vermeulen et al., 2019).

1 Corresponding author: Francesca Bassi, email: bassi @stat.unipd.it
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In order to understand how SMEs are dealing with CE and specifically to
evaluate heterogeneity of behavior in European countries, we analyzed the data
collected with a Eurobarometer survey, precisely with Flash Eurobarometer 456,
conducted from 11th to 26th September 2017 on sample of European firms. These
datarefer to eight green actionsto beimplementedintheproduction process: saving
water, saving energy, using renewabl e energy, saving materials, minimizing waste,
recycling, designing products that are easy to maintain or repair, selling scrap
material to another company.

In this paper, we will use classification trees (CART, Breiman et al. 1984) in
order to identify homogeneous groups of European countries with regard to the
adoption of CE practices by SMEs and multilevel regression models (Hox, 2002)
to measure differences among SMEs in adopting sustainability management,
considering firms’' characteristics.

Thepaper isorganized asfollows: section 2 reviewsthe concept of CE andthe
recent referenceliterature, with aspecificattentionto SM Es; section 3describesthe
data; section 4 presents the results of the analyses and section 5 concludes.

2. CIRCULAR ECONOMY: ORIGINS, DEVELPOMENT AND
IMPLEMENTATIONI IN SEMS

The origin of the modern idea of industry started at the end of the eighteenth
century with the Industrial Revolution, this era was characterized by the
overproduction of goodsand theextensive useof fossil energy sources. Only during
the World Wars, companies were forced to reconsider areally different method of
using raw materials, due to the enormous costs to support the war front. The
dynamics of the production system of the time consistsin proceeding from virgin
raw materialsto transformation, consumption and final conferment in landfill; this
production model can be defined aslinear. The linear model can beimproved and
optimized, but still what remains is waste, pollutants and scraps of industrial
production and consumption with negative environmental and social implications
(Sharmaet al., 2021). The introduction of the concept of Circular Economy dates
back to the end of the twentieth century, when several publications arouse the
attention of scholars (Lieder and Rashid, 2016). Several authors, such asAndersen
(2007), Ghisellini et al. (2016), and Su et a. (2013) attributed the introduction of
the concept to Pearce and Turner (1989) in their work “Economics of Natural
Resources and the Environment”. These authors wrote how natural resources
sustain the economy by providing inputs for production and consumption, but, at
the same time, natural resources produce outputs, which are represented almost
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entirely from waste. From these considerations, theidea of Circular Economy was
formulated. Pearce and Turner were influenced by the work of Boulding (1966),
who described the Earth as a circular and closed system with limited assimilation
capacity, deducing that the economy and the environment should coexist in
equilibrium. Stahel and Reday (1976) introduced some features to this economic
approach, withaparticular focusontheindustrial sector; they devised acontinuous
cycle economy to write industrial strategies on waste prevention, job creation,
resourceefficiency and dematerialization. Later, Stahel (1982) further stressed that
granting use, instead of relinquishing ownership of goods, is the most relevant
sustai nablebusinessmodel for aclosed economy, thusallowing companiesto profit
from waste without having costs and risks deriving from them. The term Circular
Economy was coinedin Chinain 2002, when the government approved thefirst CE
Promotion Law of the People’s Republic of China, which became effective in
January 2009 (The Standing Committee of the National People's Congress China,
2008). The main goal was to reduce pollution and protect the planet by making
important public decisions. After this turning point, institutions from all over the
world, including the European Union, had to inevitably adapt to addressing these
problems. The first European countries to adopt CE practices were Sweden, the
United Kingdom and Spain (Lieder and Rashid, 2016).

Theuse of theterm CE hasevolved inthe businessworld in an attempt tofind
acompromise between economic growth and environmental protection. Thisidea
of economy wants to be in contrast with the linear one. The most renowned
definition of CE wasgiven by the Ellen MacArthur Foundation (2015), introducing
the Circular Economy as “a restorative industrial economy or regenerative in
intention and design”, from then, many different waysto describethe processwere
proposed. Thinking about the eco-environmental industry, the CE can aso be
defined as a closed flow of materials within a well-structured economic system
(Geng and Doberstein, 2008). Kirchherr et a. (2017) analyzed over one hundred
definitions of Circular Economy and concluded that all are in line with 3Rs
(Reduction, Reuse and Recycling) paradigm, which purposeisto makethe flow of
materials closed or circular (Yuan et a., 2006). Thefact that the present economic
development model has taken a dead-end way, it is recognized not only by those
who work in the sectors directly concerned, but by the majority of the people. Itis
evident that it is necessary to rearrange the bases of the production system in order
to guarantee adequate well-being to future generations.

The European Union is encouraging the business activitiesto serioudly face
ethical problems, which concern the economic cycle in an active way. (European
Commission, 2008; Dalhammar 2015). Therulesto guidethecycleof aproduct can
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besummarized asit follows: prohibition of dangeroussubstances, productsenergy-
efficient and correct disposal of materials after their use. The European Union
presented in 2015 an executive plan for CE, which includes legislative proposals
and measures for the management of the production, consumption and waste
(Dahammar, 2016). The planis divided into two parts: thefirst part explains how
CE measures can be introduced into the product life cycle and the second one,
instead, is devoted to the care and the specific treatment of scraps (European
Commission, 2014).

One of the objectives of the recommendations is to inform and address not
only the behavior of companies, but also that of consumers. Therefore, the goal is
making everyone more aware that the cycle of a product involves the whole of
society and that the gainfollowing acorrect behavior isfor everyone'slife, not only
for the economic benefit. The action plan seeksto put industriesin asustainable but
competitivecontext, stimul ate economic growth and create new typesof jobs. From
this, it arises the need for companies to have a qualified workforce with new and
specific green skills (Bassi and Guidolin, 2021, /beda-Garcia et al. 2021). The
professionsthat fall into this category can be defined in many ways, Burger et al.
(2019), for example, did an in-depth exploration of the US market.

Thistransition, however, has avery high cost. The European Commission is
moving in thisdirection, with measuresto encourage the adoption of CE practices
and employment growth. Thefirst action plan (European Commission, 2014) was
designed for the entire life cycle of a product: from production to consumption,
from repair to regeneration, to waste management. Theintent wasto direct it to all
the administrations involved, starting from the member States of the European
Union, then passing through theregions, cities, businessesandfinally citizens. The
European Commission attributes a very important role to the production phasein
the chain, encouraging companies to replace harmful chemicals and/or to have
innovative technologies for production processes. For this reason, the European
Resource Efficiency Excellence Center wascreated, hel ping companiestoimprove
their production efficiency. The devised action plan takes into account also the
contribution and theresponsi blechoicesthat consumerswill makeinthepurchasing
phase, thisin fact isan element that will directly affect the functioning of the CE.
An exampleregardsthefact the price of aproduct that has been conceived and put
on the market using sustainabl e production techniques with agood environmental
impact, will be higher. It isimportant that customers appreciate this effort and are
willing to pay the additional cost. The cost of a product with these characteristics
will be proportional to the attention it has for the environmental effects, the
companiesin thiswill be supported through incentives from the European Union
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but the consumer will have a great responsibility in considering environmental
protection asaquality during the purchase (European Commission, 2018a). Inthe
European Union the CE regards amost exclusively small and medium-sized
enterprises (SMEs), which represent over 99% of all European companies and
around two thirds of total employment. SMEs have been defined by the European
Commission as companiesthat have less than 250 empl oyees and whose turnover
does not exceed 50 million euros and/or whose total balance sheet does not exceed
43 million (European Commission, 2003). In detail, micro enterprises are those
with less than 10 workers and an annual balance sheet lower than 2 million euros;
small businesses are those with less than 50 workers and a budget of less than 10
million; businesses are defined medium-sized if they have between 50 and 250
workers and abudget between 10 and 43 million euros. From the annual report of
the European Commission on SMEs 2018/2019 (European Commission, 2020b),
it emerged that inthe European Union about 25.1 million SMEsare operating: 23.3
millionmicro-enterprises, 1.47 millionsmall onesand about 236 thousand medium-
sized enterprises. It is estimated that SM Es create between 60 and 70% of total air
pollution(Hoogendoornetal., 2015). The European Union considersthecontribution
of SMEsto be fundamental to the CE al so because they should be more active and
predisposed to changes in the sectors of recycling, repair and product innovation.
The distribution of SMEsin the EU is not homogeneous, compared to an average
of 92% on all activecompanies, thisfigurecanvary considerably from stateto state.
For example, in Germany, SMEs represent 82% of all businesses, unlike countries
like Greece, Poland or the Czech Republic where they are over 96%.
Thecircular chainisamodel based onthesupply of renewabl e, recyclableand
biodegradabl e products. With the recovery of resources, at the end of aproduction
process, waste continues to have an intrinsic value and can be used in further
transformation processes. The sharing model promotes collaboration between
users of goods and servicesin order to exploit overcapacity and underutilization.
To implement the transition to sustainable and Circular Economy models, the
European action plan defines 54 measures to close the loop life of products,
identifying five priority areas to accelerate the transition along their value chain
(plastics, food waste, essential raw material's, construction and demolition, biomass
and materials biological, European Commission, 2015). The plan places a strong
emphasis on creating a solid foundation on which investment and innovation can
thrive. The transition is financially supported by the European Structural and
Investment Funds, from Horizon 2020, from the European Fund for Strategic
Investments (EFSI) and the LI FE program, founded in 1992 to promote protection
strategies of the environment. A recent step taken by the European Union was to
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implement the second action plan for the Circular Economy on 11th March 2020
(European Commission, 20204). Thisinitiative is one of the main measures of the
European Green Deal, defined as the roadmap to make the EU economy as
sustainable. The new plan describesthe way to progress towards a climate-neutral
and competitive economy, inwhich consumersare empowered. Theobjectivesare:
making sustainable products as the standard within the Union. The Commission
proposed alegidlative action on the strategy for sustai nable productsto ensure that
they are designed to last longer, easy to reuse, repair and recycle, and contain as
much recycled materials as possible rather than primary raw materials. The
measures will also limit single-use products, they will deal with premature
obsolescence and ban the destruction of unsold durable goods. Secondly, the
empowerment of consumerswhowill have accessto reliableinformation onissues
such as reparability and durability of products so they can make better informed
choices. AsNgjami et a. (2020) noted, sustai nability cannot befulfilled without the
collaboration of end consumers.

Finally, it isimportant to recognized that the Circular Economy will produce
net assets in terms of GDP growth and job creation; it is estimated that the
application of ambitious Circular Economy measures in Europe will be able to
increase GDP by afurther 0.5% between now and 2030, creating around 700.000
new jobs (European Commission 2020a).

3. THE DATA

Our datawere collected within the Flash Eurobarometer 456 survey, conceived and
proposed by the European Commission. The data collection period is included
between 11th September 2017 and 26th September 2017; questionswere answered
by 13,117 SMEs belonging to the 28 countries of the European Union (before the
Brexit)2. The intent was to understand how many efficiency measures were
developed by firms. Withreferencetothesingle SME, thefollowing “ demographic”
information was collected: country, economic activity sector, number of workers,
year of foundation, if turnover changed or remained stable in the past two years,
turnover in 2016, type of output, whether products or services were sold.

Eight specific CE actionswereinvestigated: paying attentionto thewasteand
reuse of water; minimize energy usewhile maximizing performance; using mainly
renewabl e energy (including own production through solar panelsor other); saving

2 Quotasampling was used with quotas applied to company size and sector, adjusted according
to country’s universe. Interviews were conducted by CATI mode.2 For the analyses the
software R was used.
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of raw material's; waste minimization; the permission to other companiesof theuse
of waste; recycling, reusing materialsor waste from the company itself; creation of
products that are easier to maintain, repair or reuse. With reference to these eight
actions, SMEs had to declareif they wereimplemented in the preceding two years
and/or if there was the intention to consider them for the future two years.
Additional information with reference to these actions was collected, regarding
costs, percentageof turnover invested, eventual financial support received and from
which source, workersemployed in green jobs, difficultiesand needsrelated to the
implementation of sustainability practices.

We expected that the size of the company had direct effects on the choiceto
undertake activitiesrelated to the CE (Bianchi and Noci, 1998). Larger companies
have access to more resources to invest, while smaller ones can suffer from the
absence of a strong economic structure that supports them for investments and
measures that have atargeted production schemeto recycling (Hogg et a., 2011).
From the point of view of sustainability, all companies have the goa of creating a
type of environmental economics. It isnoted that compani esthat generate onelow
portion of waste in relation to what they produce are less motivated to think about
recycling methods (Reike et al., 2018). On the other hand, in large companies, ethics
playsacentra rolein their behavior asthey are moreimportantly exposed to criticism
and it is therefore a necessity to preserve their reputation (Inigo and Blok, 2019).

The age of an SME has adirect effect on the willingness to undertake Circular
Economy practices(Hoogendoornetd., 2015). Thecompetenceandsocia responsibility
of acompany canderiveprecisely fromtheexperiencethat hasbeenaccumulatedinthe
area(Trencansky and Tsaparlidis, 2014). Social responsibility derivesfromaneconomic
and corporate stability. When busi ness proceduresfor theenvironment are put in place
although costsmightincrease, itisinall respectsaway to pl easestakehol ders. Thesame
concept aso appliesto new companies, who, having to set up new working strategies,
cangainin considering theideaof the Circular Economy asanew perspective model
both for the environment and from the business point of view. Older and newer SMEs
have more interest in undertaking a business modd that follows the CE, more than
companies with an intermediate age.

The sector in which an SME operatesinfluencesitswillingnessto undertake
sustainabl e activities or to follow green economy policies (Bradford and Fraster,
2008). SMEs operating in sectorswith production processes are more tangible and
producing greater quantities of waste are the keenest to follow CE expedients. The
sectors that are most inclined to suggest sustainable activities are manufacturing,
construction, agriculture and waste management. I n these sectors, the production
process disperses a lot of waste and this leads to requesting and having large
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quantities of raw materials. Furthermore, strict environmental and corporate
parameters have been devised by nationsand by institutionsto stem waste and give
a common direction to SMEs (European Commission, 2018b)). The need for
greater quantities of materials for the sectors with the most organic value chain
composed of tangible materialsis an element that makes the sustainabl e choi ce of
SMEsapriority. Infact, inthe EU action plan, the plastics, food and raw materials
sectors, constructions and demolitions, biomasses and products biologicals have
priority for the implementation of efficiency measures.

SMEsthat participated in the survey employ on average 18 workers: 80.4%
of them have between 1 and 9 empl oyees, 15.5% between 10 and 49, 3.0% between
50 and 249, and 1.1%, |arge companies, have more than 250 employees. 57.4% of
SMEs have no employeesengaged in agreenjob. The average age of SMEsis25.7
years: 76.9% were founded before to 2010, 9.3% between 2010 and 2012, 23.3%
between 2013 and 2016, and only 1.5% were founded in 2017. For what regards
economic activity sector, 10.1% of SMEs belong to the manufacturing sector,
15.9% to the industrial one, 30.1% are active in retail, and 43.9% in services.
Another relevant aspect to consider to assess the propensity of a company to
undertake CE actions is its annual turnover. In the two years preceding the
guestionnaire, the turnover of SMEsgrew for 42.5% of them, decreased for 21.2%
while it remained almost the same for the other 20.1%. 19.6% of SMEs have a
turnover of lessthan 100,000 eurointhe referenceyear, 23.3% aturnover between
100 and 500 thousand, 22.8% between 500 thousand and 2 million, 18.8% between
2 and 10 million, 10.4% between 10 and 50 million and only 5.1% had aturnover
that is greater than 50 million euros.

Asalready introduced, the survey aimed at measuring the adoption of specific
CE practices by European SMEs. The most adopted efficiency action was the
minimization of waste, undertaken by 65.5% of SMES; minimizing energy use by
keeping stable or increasing performance was adopted by 63.2% of them, saving
materials regards 56.8% of SMEs, and minimization of water wasteis adopted by
47.3%. Recycling inside company through reuse and use of waste was undertaken
by 41.8% of companies; designing ad hoc of productsthat are easier to maintain,
repair or reuse them is applied by 25.4% of firms. The sale of waste to other
companiesisdoneby 21.1% European SM Es, whil ethel east adopted sustai nability
practice is the choice to use mainly renewable energy (14.0%).

Table1 showstherel ationship between theadoption of sustainability practices
and the characteristics of the firms by number of employees, economic activity
sector, age, turnover in 2016; all relationshipsare statistically significant according
to the Chi-squared test.
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Tab. 1. Percentage of European SM Es adopting CE practices by characteristics.

Minim. Saving Saving Saving Recycling Design Selling Renewable

waste  energy materials water products scrap  energy
EU 28 65.5 63.2 56.8 47.3 41.8 254 211 14.0
Size
1-9 64.7 62.3 55.4 46.9 40.1 24.3 18.0 12.6
10-49 66.3 64.1 62.3 46.1 45.9 282 315 17.4
50-249 77.2 75.9 64.7 56.3 58.6 381 477 30.2
250+ 80.3 81.9 62.0 69.6 59.1 268  29.7 26.8
Turnover
-100,000 57.0 58.1 54.2 434 38.0 21.2 17.2 11.6

100,00-500,000 66.7 63.3 57.0 48.3 39.0 26.5 18.8 14.6
500,000-2mil ~ 68.8 67.1 59.7 46.4 46.1 289 266 15.5

2-10mil 71.3 69.5 63.6 46.5 474 223 30.0 17.7
10-50mil 78.4 77.9 72.4 58.0 56.9 42.9 53.0 43.3
+50mil 84.7 80.9 64.5 68.5 50.5 17.3 23.4 21.6
Sector

Manufacturing  71.3 64.6 64.2 43.4 419 33.2 315 12.7
Retail 65.1 66.9 56.9 48.3 4.1 24.3 21.6 11.7
Services 62.7 61.3 54.2 46.4 385 232 15.1 14.1
Industry 70.4 60.4 50.1 46.5 46.4 28.1 30.0 18.7
Age

-31Dec 2010  66.7 64.4 57.2 47.9 41.7 253 224 144
1Jan 2010-31 62.2 59.3 55.8 42.0 41.9 24.5 16.3 13.3
Dec 2012
1Jan 2013-31 610 58.5 551 46.7 40.2 26.5 17.5 130
Dec 2017

1 Jan 2017+ 66.8 63.8 52.0 47.4 53.1 26.0 211 5.6

Entrepreneurial sustainability isby definitionlinkedtothesocia andeconomic
context. In developed countries, both legal framework and financial resources are
very solid, favoring sustai nableentrepreneurship. |ndevel oping countries, transition
to Circular Economy ismorechallenging, especially intermsof infrastructuresand
new technologies (Abarca Guerrero et al., 2020). The legal context is one of the
factorswhich variesmost from state to stateal soin the European Union; evenif our
analyses do not directly focus on this aspect, it is an element that must be kept in
consideration for appropriate comparisons. Economic indicators at national level
are also important to understand the wealth of the country since the economic
dimension of sustainability coincideswiththelarge amount of liquidity that can be
used to satisfy the needsand requests of stakeholders. |n moredevel oped countries,
investment policiesaredirected mostly totheprivate sector, sinceitismoreinclined
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to support innovation and competitiveness, whichfavor asustainable growth (Cadil
et a., 2018). The level of innovation goes hand in hand with new technologies,
which can also be considered aprerequisite. Although SMEs do not usually make
innovation as the most important aspect of their structure, there is significant
financial support by the European Union to increase their performancein terms of
sustainability. The reference literature shows that entrepreneurial sustainability is
asoinfluenced by factors such asgender, age, education, skills, family context and
community background. Therefore, differences between countries with regard to
CE practices are the result of the complex mixture of all aspects mentioned above
(Spangenberg et al., 2002). Table 2 liststhe percentage of firmsimplementing each
sustainability action in the 28 European M Ss.

A preliminary exploratory cluster analysis on the data reported in Table 2
classifiesthe 28 EU M Ssin four homogeneous groupsfor the percentage of SMEs
operating in the country and adopting CE practices. The greenest firmsare located
in France, Ireland, Portugal, Spain, Sweden and Great Britain, countries were the
percentage of SMEs adopting CE practicesis higher than the average for at least
seven among the eight considered actions, except for the efficiency practice of
using renewable energy. A second group is formed by Austria, Belgium, Croatia,
Czech Republic, Denmark, Finland, Germany, Italy, Luxemburg, Poland,
Slovenia, The Netherlands; in these countries the percentage of firms adopting
CE practices is higher than the average for many practices, these percentages,
however, are lower than those observed for SMEs located in the first group of
countries. The percentage of firms in these countries that are saving water and
energy islower than that in the average sample. The third group refersto Greece,
Hungary, Latviaand Slovakiawhose SMEsimplement only in small percentages,
lower than those observed at European level, the majority of actions; however, in
these countries, firms are involved in selling scrap material to other companies.
Finally, inthelast group of countries, Bulgaria, Cyprus, Estonia, Lithuania, Malta,
and Romaniaonly avery small percentage of SMEs adopts green practices. This
first result highlights the presence of a discrete level of heterogeneity in adopting
efficiency practices in the 28 European countries, this evidence will be further
explored in the next section of the paper.
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Tab. 2: Percentage of European SM Es adopting CE practices by country, figuresin italics
indicate a value greater than the average.

Minim. Saving Saving Saving Recycling Design Selling Renewable
waste energy materials water products scrap  energy
EU 28 65.5 63.2 56.8 47.3 41.8 254 211 14.0
AustriaAT 60.0 71.8 523 441 47.7 31.3 256 32.3
Belgium BE 75.0 69.8 61.6 46.7 40.5 25.3 25.6 19.9
BulgariaBG 27.7 36.4 30.6 29.5 16.9 9.8 16.3 4.4
Cyprus CY 28.6 50.0 286 286 46.4 7.1 14.3 7.1
Czech RepublicCZ 64.0 60.9 46.2 42.4 34.7 32.6 29.1 7.2
Germany DE 61.3 70.2 57.1 35.8 38.6 24.1 23.0 320
Denmark DK 50.0 56.3 523 414 28.9 266 264 9.4
Estonia EE 8.6 20.0 14.3 8.6 11.8 5.7 5.7 2.9
Spain ES 65.5 724 69.5 548 56.9 319 200 7.4
Finland FI 55.2 50.7 53.7 26.9 316 233 18.7 14.3
France FR 83.1 71.2 59.4 67.8 425 32.7 18.0 55
Great Britain GB  81.9 66.8 61.8 55.7 70.2 25.8 28.8 16.3
Greece GR 36.8 51.4 454 328 30.1 183 259 12.3
CroatiaHR 64.3 65.5 62.4 51.2 29.8 17.9 28.2 8.3
Hungary HU 40.1 57.8 45.0 40.1 18.8 16.3 209 74
Ireland |IE 84.9 68.5 57.4 59.3 704 245 25.9 185
Italy IT 73.6 57.3 52.5 44.4 37.3 23.0 15.2 15.0
LithuaniaLT 20.5 420 33.0 3K2 6.8 6.8 15.9 34
Luxemburg LU  60.0 50.0 524 333 45.0 286 250 15.0
LatviaLV 345 60.0 54.5 43.6 14.5 164 10.9 3.6
MataMT 64.3 71.4 35.7 28.6 50.0 143 214 14.3
NetherlandsNL ~ 65.2 64.7 61.3 321 36.9 206 257 26.7
Poland PO 55.1 57.3 59.9 49.5 23.6 16.7 21.1 4.1
Portugal PT 55.1 75.6 74.8 63.1 65.9 42.2 23.7 9.2
Romania RO 31.0 32.9 295 234 215 6.3 12.0 4.4
Sweden SE 76.3 57.9 66.1 36.1 61.1 324 26.3 353
Slovenia Sl 50.7 479 52.1 35.6 329 26.0 219 16.4
Slovakia SK 441 57.7 43.6 44.9 35.7 145 159 5.7

4. STATISTICAL ANALYSIS® METHODS AND RESULTS

4.1 CLASSIFICATION TREE

In order to identify homogeneous groups of countrieswith referenceto the number
of CE practices, among the eight considered in the survey, adopted by SMEs, we

3 For the analyses the software R was used.
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estimated aclassificationtree (CART) (Breiman et al., 1984). CART isastatistical
method of a-priori segmentation, i.e, segments are identified on the basis of a
criterion variable Y. In our application, this variable quantifies the adherence of a
generic SME to the efficiency measures proposed in the questionnaire with the
following three categories. 5 or more measures adopted (class 1), between 1 and 4
CE practices (class 2), no sustainable measures (class 3). From the dataset, it
emerged that 36.4% of SMEsin the sample belong to thefirst class, 52.3% to the
second oneand 11.3% had not carried out any efficiency actioninthereferenceperiod.
Asindependent variablefor the classification tree, we cons dered: the countrieswhere
the SME operates (28 levels). Considering these values for all SMEs operating in the
28 European countries, the CART algorithm identifies the best partition of countries
through an iterative algorithm, which isreported in Table 3. These groupswill bethe
starting point to analyze and quantify the heterogeneity between EU member states
(MSs), interms of adopted resource efficiency variable Y for ageneric SME in each of
thefive groups of countriesidentified by the CART agorithm. The CART procedure
can bedivided into two distinct parts: tree growing and tree pruning. Inthefirst part of
the model, the response variable is repeatedly split, starting with the variable that has
the highest association with it. The splitting continues till a predetermined stopping
criteria (Zhang, 2016). In the pruning phase of the algorithm, which is performed on
another subsample of datain order to avoid overfitting, the best grouping isidentified
on abasis of ameasure of fit; we used total deviance.

Tab. 3: Groups of homogeneous countries; CART best partition.

Group of countries

A Austria, Belgium, France, Great Britain, Ireland, Portugal, Sweden Spain
B Croatia, Germany, Italy, Malta, Slovakia, The Netherlands

C Czech Republic, Denmark, Luxemburg, Poland

D Cyprus, Finland, Greece, Hungary, Latvia, Slovenia

E Bulgaria, Estonia, Lithuania, Romania

Tab. 4: Probabilities (%) of belonging to the three classes of variable Y in the five groups of

countries

Group of Class1 Class 2 Class3
countries 5+ actions 1-4 actions No actions

A 42.63 51.95 5.42

B 30.98 60.76 8.26

C 28.89 56.45 14.66

D 20.60 57.77 21.63

E 8.68 58.32 33.01
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Groupsof countriesintheTables3and 4 areordered by decreasing probabilities
of adopting CE practices by SMEs operating in their territories. There is a big
difference of behavior between firms in groups A and E; for example, the
percentage of SM Esthat do not implement efficiency actionsincreasesfrom 5.42%
t033.01%. Ingroup A wefind the European countrieswith the greenest businesses,
ingroup E, theleast green ones. Group B includes countries belonging to Western
and Southern Europe; the proportion of SM Esnot activating sustainability practices
is a bit higher than that of group A, 8.26%. Group C is composed of only four
countries, where a high percentage of SMEs is adopting at least one CE practice.
Countriesin group D are the most different for what concerns lacation in Europe
and with one fifth of them not implementing CE practices. Finally, countries in
group E are dl located in Eastern Europe.

42 MULTILEVEL ANALYSIS

The CART analysis identified homogeneous groups of European Union MSs,
confirming heterogeneity of behavior between countries. In each group, however,
itisimportant to explore further differencesamong SMES, especialy inrelationto
their characteristicsthat might affect their decision to adopt CE. Theidentification
of homogeneity and heterogeneity among European countries must befollowed by
an appropriate analysis of heterogeneity within each MS. As written in the
introduction, thereisarich literature on the factors affecting companies' decision
to comply with sustainability; some of these evidences are confirmed also by the
descriptive analyses of our data as reported in section 1. In order to face this
problem, itisnecessary to use statistical methodsfor hierarchical data(Hox, 2002).
In our specific sample, SMEs are nested into countries and this originates a
multilevel dataset. In this section of the paper, we will explore how decisions
towards CE actionsarerelated to factors as size, turnover, number of workers, etc.,
i.e., we aim to quantify how the probability of adopting CE actionsis determined
by SMEs characteristics. A second goal of the analyses is to understand how
economic investment affects environmental measures and if this aspect varies
among the groups of countries. And finally, we will look at the eight specific CE
actionsconsideredinthesurvey to eval uatewhichfactorsarespecifically determinant
intheir adoption. Wenow indicatewith Y, thenumber of resourceefficiency actions
undertaken by the i-th SME belonging to the j-th group with j=1,..,28, aswe are
consideringthe28 EU M Ss; Yij will assumevauesfrom 1to 8. Our multilevel model
is given by eguation (1):

In(uij) =B +By %R

where Yij isassumed to follow a Poisson distribution with mean H;- Intherandom
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intercept model, Boj are random variables representing differences among groups:

ﬁo i = yoo +Uo i

and Uoj is arandom effect, at state level, following a Normal distribution with O
mean and variance equal to o;,%. Asindependent variables (vector X), we consider:
SME dimension, theyear of foundation, averageturnover inthereferenceyear, the
sector of economic activity; the number of full-time workers employed in green
jobs. Tables 5 and 6 list the result of the estimation of this multilevel random
intercept model with our dataset, the estimates refer to the best fitting model
assessed with the lowest values of AIC and BIC indexes.

Tab. 5: Estimated parameters: random inter cept model

Estimate Standard deviation p-value
I nter cept 0.966 0.059 <0.001
#workers
-9 ref. category
10-49 0.097 0.019 <0.001
50-249 0.058 0.046 0.209
250+ 0.119 0.067 0.041
Age
-31 Dec 2010 ref. category
1 Jan 2010-31 Dec 2012 -0.026 0.017 0.128
1 Jan 2013-31 Dec 2017 -0.007 0.015 0.620
1 Jan 2017+ -0.037 0.041 0.042
Turnover
-100,000 ref- category
100,00-500,000 0.048 0.013 <0.001
500,000-2 million 0.077 0.015 <0.001
2-10 million 0.086 0.022 <0.001
+10 million 0.265 0.030 <0.001
Sector
Manufacturing ref. category
Retail -0.068 0.017 <0.001
Services -0.166 0.016 <0.001
Industry -0.062 0.018 0.002
#workersin green jobs
0 ref. category
1-5 0.320 0.010 <0.001
6-9 0.283 0.026 <0.001
10-50 0.512 0.025 <0.001
51-99 0.504 0.084 <0.001
100+ 0.713 0.115 0.003

var (i) 0.086 0.021 <0.001
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Tab 6. Countries' effects: random intercept model

AT 3.261 EE 1.145 HU 2.398 NL 3.108
BE 3.348 ES 3.416 IE 3.668 PL 2.624
BG 1.730 Fl 2442 IT 2734 PT 3.656
cY 2172 FR 3.587 LT 1.718 RO 1532
cz 2.875 GB 3.954 LU 2724 SE 3.350
DE 3.023 GR 2.247 LV 2.109 Sl 2721
DK 2.693 HR 2.770 MT 3.015 SK 2.337

The magnitudes of country intercepts mirror the groups obtained with the
regression tree analysis. In general, from Table 5 we see which are the factors
significantly affecting the decision to implement resource efficiency practicesand
how they might act. For example, yearly turnover and the number of workers
employed in green jobs have adirect effect on the number of implemented actions,
whilethe manufacturing isthe sector where SMEs are more proneto sustainability
activities. Thereisalso anon-negligible effect of dimension and age, in the sense
that bigger and older firms are more inclined to resource efficiency practices. For
what regards dimension, small and large firms adopt a greater number of CE
practices, while medium businesses do not.

Starting from the above evidences, we consider important to explore another
aspect related to the eff ect of economi ¢ investmentson sustainability. The question
is “do equal investments for sustainable measures led to a proportional total
adhesion to CE in the homogeneous groups of countries obtained with the CART
segmentation procedure?’. The dataset contains the information on the amount
invested on average per year by each SME in order to become more resource
efficient. This information gives rise to a categorical variable with the following
classes: noinvestment, lessthan 1% of yearly turnover, between 1 and 5%, between
6 and 10% and more than 10%. LeY; the number of CE practices adopted by SME
i, that is assumed to follow a Poisson distribution with mean (4, we estimate the
model in equation (2) separately for the SMEs in the five groups of countriesin
Table 3.

|n(Ni) =1 %8y +zy 2

wherek=1,..,5, X, arethe covariates used in the multilevel regression model and z
is the categorical variable indicating the amount of yearly turnover invested to
improve the sustainability of the businessby SME i. Table 7 liststhe results of the
estimation of the generalized linear model (GLM) in equation (2) for the SMEs
operating in the five groups of countries described in Table 3; i.e., 5 GLMs are
estimated.



134

Bassi F., Costa D.

Tab. 7. GLMs: estimation results

Group A Estimate of y Standard error p-vaue
0% ref. category
<1% 0.335 0.019 <0.001
1-5% 0.419 0.018 <0.001
6-10% 0.516 0.030 <0.001
>10% 0.610 0.045 0.002
Group B
0% ref. category
<1% 0.407 0.025 <0.001
1-5% 0.575 0.024 <0.001
6-10% 0.598 0.033 <0.001
>10% 0.726 0.056 <0.001
Group C
0% ref. category
<1% 0.700 0.039 <0.001
1-5% 0.743 0.040 <0.001
6-10% 0.746 0.059 <0.001
>10% 0.410 0.099 <0.001
Group D
0% ref. category
<1% 1.030 0.061 <0.001
1-5% 1.019 0.058 <0.001
6-10% 0,976 0.082 <0.001
>10% 1.016 0.099 <0.001
Group E
0% ref. category
<1% 1.311 0.095 <0.001
1-5% 1.347 0.105 <0.001
6-10% 1.208 0.153 0.003
>10% 1.506 0.144 <0.001

Valuesof estimated parametersclearly show that the higher the percentage of
turnover invested, the higher the number of CE practice adopted by SMEsinall five
groupsof countries. However, thisrel ationship hasadifferent magnitudeinthefive
groups, increasing from SMEsoperating in countriesclassifiedin group A to SME
operating in European countries classified in group E. In countries of group A,
SMEsimplement the highest number of sustainability practices, for thisreason the
result that in this group investments have the lowest impact deserves attention. In
our opinion, this evidence shows that the transition from a linear economic
system to a circular one in these countries, once started, does not require high
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extra investments to be maintained, we can briefly say that a Circular Economy
system, onceimplemented, continuesto increase busi ness sustai nability, somehow
self-expanding.

Asafurther analysis, we want to obtain ameasure of adhesion for each state
to the single actions studied; to answer this question, again we must apply a
statistical method that takes into account the hierarchical nature of the data

For this scope, we define a new variable Y; that takes value 1 if SME i,
operating in European country j, adopted the specific considered efficiency action,
whileit takes value O, otherwise; the following multilevel logit model in equation
(3) is estimated for the eight surveyed actions:

log FP(Y, = 1], )5 x, B+, B, +%,, B, +% B+ % B+ 1y, ()

X, represents the number of workers, x, the age of the SME, x; average yearly
turnover, X, the sector of economic activity and x; the number of workersemployed
ingreenjobs; I istherandom intercept with Normal distribution with mean 0 and

variance ai . Table 8liststhe values of the random interceptsfor the eight models,

estimated for the corresponding efficiency actions, obtained for each European
country and refer to micro-enterprises with anumber of employees between 1 and
9, founded before 1st January 2010, belonging to the sector manufacturing, with an
average yearly turnover of less than 100 thousand euros and without any workers
ingreenjobs. Theeight actionsare: minimizewaste of water, minimizeenergy use,
use of renewabl e energy, attention to raw material s, waste minimization, selling of
waste to other companies, recycling of waste or others materials and designing of
sustai nabl e productsready for reuse, reuseor withminimal environmental impacts.
Figures in the table show that preferences in adopting specific CE actions are
different inthe 28 M Ss; these evidences emerged al so from descriptive statisticsin
Table 2; they are confirmed taken into account the multilevel structure of our data.
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Tab. 8: Random intercepts

Minimizing Saving Saving Saving Recycling Design  Selling Renewable

waste energy materials  water products  scrap  energy
AT 0.35 0.63 0.23 051 0.56 0.26 0.38 0.25
BE 0.39 0.64 0.14 0.62 0.73 0.26 0.33 0.24
BG 0.26 0.33 0.04 0.34 0.30 0.22 0.14 0.12
CY 0.27 0.47 0.07 0.39 0.63 0.21 0.37 0.14
Ccz 0.38 0.58 0.06 0.49 0.65 0.32 0.30 0.33
DE 0.28 0.62 0.23 0.56 0.57 0.22 0.29 0.22
DK 0.36 0.50 0.06 0.52 0.47 0.25 0.22 0.25
EE 0.17 0.29 0.04 0.28 0.17 0.19 0.15 0.08
ES 0.45 0.64 0.05 0.68 0.61 0.21 0.47 0.29
Fl 0.21 0.42 0.09 0.51 0.50 0.20 0.24 0.21
FR 0.64 0.67 0.04 0.62 0.83 0.19 0.36 0.33
GB 0.50 0.63 0.13 0.65 0.84 0.34 0.66 0.26
GR 0.25 041 0.08 0.43 0.32 0.27 0.22 0.17
HR 0.38 0.53 0.05 0.58 0.57 0.25 0.22 0.15
HU 0.36 0.54 0.07 0.48 0.40 0.24 0.16 0.17
IE 0.47 0.60 0.12 0.57 0.81 0.25 0.60 0.22
IT 0.33 0.45 0.10 0.49 0.69 0.15 0.19 0.27
LT 0.33 0.41 0.04 0.38 0.23 0.21 0.08 0.11
LU 0.28 0.45 0.09 051 0.53 0.24 034 0.22
LV 0.32 0.48 0.03 051 0.31 0.18 0.12 0.15
MT 0.32 0.61 0.10 0.46 0.62 0.23 0.42 0.19
NL 0.26 0.58 0.20 0.62 0.64 0.29 0.30 0.20
PO 0.41 0.49 0.03 0.60 0.53 0.23 0.18 0.16
PT 054 0.67 0.06 0.73 0.51 0.27 0.58 0.40
RO 0.19 0.27 0.03 0.30 0.29 0.16 0.17 0.07
SE 0.27 0.47 0.24 0.62 0.73 0.25 0-32 0.28
Sl 0.47 0.44 0.11 054 0.50 0.18 0.29 0.25
SK 0.36 0.49 0.04 041 0.39 0.42 0.27 0.13

Thesector of economic activity and thedimension of thefirm haveadifferent
effect on the different actions. For example, actions as 2 (minimize energy use), 3
(use of renewabl e energy) and 6 (sale of waste to other companies), which require
large investments, are more chosen by larger SMEs.

5. CONCLUDING REMARKS

Thescopeof thispaperistoinvestigatedifferencesinbehavior towardssustainability
practices of European SMEs. Heterogeneity emerges both between and within
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European countries.

Segmentation analysisidentified five groups of European countries, homogeneous
for the attitude of SMEs to CE actions. In eight states, Austria, Belgium, Spain,
France, Great Britain, Ireland, Portugal and Sweden, (group A), firms show the
highest level of innovation in the field of sustainability, only a very small
percentage of businesses (5.4%) do not adopt any efficiency measure. In this
group of countries, the average number of green actions implemented by each
SME is 3.9, out of the eight investigated by the Flash Eurobarometer survey. The
estimation of a multilevel regression model shows a similar behavior among the
eight nations, i.e., low level of within group heterogeneity. On the oppositesidewe
find SMEs that operate in countries classified in group E, Latvia, Lithuania,
Romania and Estonia, where we found the lowest attention to Circular Economy
practices; SMEs adopt on average only 1.4 CE actions.

For what concernsfirms’ characteristics, theyearly turnover and the sector of
economic activity proved to be significant in determining an efficient business
management; SM Esin the manufacturing sector are the most inclined to perform
green actions. The presence or absence of employees involved in green jobs is
another important factor. Theproportion of yearly turnover investedin sustainability
directly affectsthenumber of resourceeffi ciency actionsimplemented by European
SMEs, i.e, asinvestment increases, more actions are implemented; however, this
effect isnot the samein itsmagnitude in the five groups of homogenous countries,
itislower in the group of greenest countries. This result shows that investment in
sustainability has decreasing marginal returns on implementation of resource
efficiency actions.

As a general consideration, results from our analyses show that, for what
regards CE attitudesin European SMEs, thereisal ot of between andwithin country
heterogeneity. Policiesthat aim to increase CE practices adoption must take these
differencesinto account and therefore should betailored for specific SMEswithin
each country. For what concerns countries, differences are related to geographical
location, SMEs in Western-European countries exhibit more attention to green
matters that SMEs in Eastern-European countries. However, there are some
exceptions. Moreover, the geographical location is strictly correlated to economic
and socia conditionsin the European M Ss. A limitation of thisstudy isthat wedid
not insert in our models covariates collected at country level; thisis atopic that
deserves further attention. Further attention has to be paid also to the specific CE
actions; also in this case there are difference between and within countries. These
differences are related to SMES' characteristics and to costs of implementation.
Incentives to favor green economy should consider these el ements as well.
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Abstract. This paper presents the results of one of the first surveys carried out in Italy on
the living and working conditions of public administration employees who were engaged
in compulsory telework during the first stages of the COVID-19 pandemic (March-May
2020). Although this study examinesa small sample of public workersin Campaniaregion,
interesting results emerge in a modelling implementation. In fact, by means of a
heter oskedastic Ordered Probit model, some findings are presented with job satisfaction
being theresponsevariable. Considering theworkers' need to adjust to a completely novel
situation, our results reveal a significant role played by a potential lack of concentration
and by the satisfaction of using their own homeasaworkplaceaswell asby the differences
experienced in work efforts. The presence of children in the household turns out to be
dlightly significant, whereas childcare duties do seem to exert some impacts on job
satisfaction, implying relevant effects on work-life balance. Workers' concernregardinga
possible lack of recognition of their job by supervisors or managersis also highlighted.

Keywords: Job Satisfaction, Teleworking, Covid-19, Ordered Probit Model

1. INTRODUCTION

In 2020, the global COVID-19 pandemic crucially altered global economies and
people’s ordinary social and working lives. To contain the spread of the virus,
governments imposed various social-distancing measures and, as a result, private
and public companies began experimenting with strategies to reduce the number of
people in contact with each other, thus making it possible for employees to work at
their homes. Consequently, all over the world an unprecedented number of workers
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were asked to or allowed to work from home, after decades of often ineffective
attempts to develop the use of telework (Ogbonna and Harris, 2006, Welz and Wolf,
2010; Eurofound, 2010 and 2012; Pydria, 2011).

In Italy, teleworking in public administratiori lavoro agile” in Italian or
“smart working” in everyday language) was introduced by Law No. 124/2015 and
is presently regulated by Law No. 81 of 2017. Until the outbreak of the COVID-19
pandemic, such modality of work was not common. In fact, with the arrival of the
restrictive measures due to the pandemic, in combination willoiheptake of
teleworking in the past decades, Italy displayed one of the largest increases in the
figures of employees working from home among European Union (EU) member
states: an upsurge of 39.9% as compared to an average EU27 growth close to 36.5%
(Eurofound, 2021; EU-OSHA, 2021b). According to data from the National
Observatory on Smart Working, an agency of the Ministry of Public Administration
(Osservatorio Nazionale del Lavoro Agile, 2020), at the beginning of February
2020 only 2.5% of public employees were classified as teleworkers. Within just a
few weeks, this figure had risen to almost 65%. In such a short period, about 86%
of public administration offices activated forms of “smart working” for at least part
of their staff, and this percentage rose to 99% when considering administration
offices with more than 50 employees.

With specific reference to such circumstances, this paper presents the results
of one of the first studies of the living and working conditions of public administration
personnel in Italy who began teleworking during the first lockdown period, from
March to May 2020. The survey was conducted with our scientific support on
behalf of theConfederazione Generale Italiana del Lavoro, Funzione Pubblica
(CGIL for Public Sector), a largely representative Italian trade union. More
specifically, the employed data stem from an observational study aimed at
analysing the conditions of public administration workers in the Campania region
and in the province of Naples during the lockdown periods, to investigate the
unexpected large-scale application of emergency “smart working” arrangements.
The survey was designed to determine, on the one hand, the employees’satisfaction
with work conducted under these unprecedented conditions and, on the other hand,
the material and environmental conditions under which the telework was carried
out. Finally, afurther focus of the investigation was the complex balance, sometimes
resulting in disruption, between private and working life as compared to the pre-
existing circumstances. The fieldwork of the survey was conducted by CGIL for
Public Sector, Naples and Campania section, which administered the questionnaire
directly through its social media channels.
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By means of a heteroskedastic Ordered Probit model, some results are
presented with job satisfaction being the response variable. The paper is organised
as follows. After a brief review of the recent literature on teleworking conditions in
Section 2, data of interest and results of the estimated model are presented in Section
3, while Section 4 discusses the main findings and presents some concluding
remarks.

2. LITERATURE REVIEW AND MOTIVATION

During the COVID-19 pandemic, teleworking has been regarded as the most
effective and cost-efficient approach to preserve and restore the functioning of the
entire economy (among others: ILO, 2021 and 2022). Apart from “native
teleworkers”, those employed generally as telemarketers and customer care staff,
home-based work assisted by information and communication technology (ICT)
was regarded with some degree of scepticism by both employers and workers
themselves. On the employers’ side, teleworking was often considered as likely to
lead to low productivity because of the lack of direct control (Harker Martin and
MacDonnell, 2012; Hilbrecht et al., 2013; Putnam et al., 2014; Messenger, 2019).
Onthe workers’side, two different attitudes can be distinguished. First, employees’
concerns about career dynamics were heightened by the physical distance from the
company premises, due to the perceived difficulty of recognition by managers or
supervisors of their work performance. Second, blurred feelings of interest and
aversion have arisen towards a condition often perceived as a “privilege” experienced
especially by public sector employees in the perspective of reducing their difficulties
in balancing work and non-work duties, and mostly in the case of working women
(Chung and Van der Horst, 2018; Kaduk et al., 2019).

However, despite media interest and both corporate and academic debates on
the potentials of teleworking, only a comparatively low number of establishments
and organisations had adopted some home-based teleworking practices in the past
decades. Until March 2020, primarily because of the inadequacy of legal and
welfare frameworks, working from home essentially remained a seductive
proposition in highly developed countries (Baruch, 2001). Even though the
advances in ICT have undoubtedly triggered improvements at both business and
societal levels, home-based teleworking benefits have long been regarded as a
preferential treatment (Parry et al., 2021).

Additionally, for some scholars, teleworkers seem to be exposed to greater
levels of stress than their office worker counterparts, even presenting additional
physical health symptoms. Mann and Holdsworth (2003) underline some practical
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benefits of teleworking, such as increased flexibility, less commuting time, and a
better work-life balance in general, while clearly highlighting the potentially
unfavourable consequences of telework on workers’mental health, such as perceived
loneliness, social isolation, blurring of boundaries, and presenteeism (i.e. the lost
efficiency which occurs when employees are not fully functioning in the workplace
because of an illness, injury, or other condition) (see also: Steidelmiuller et al.,
2020).

Wide-ranging practices of flexible working settings have appeared only with
the outbreak of COVID-19, and their effects are compared using “before” and “after”
benchmarks (Parry et.a2021; Dunatchik et al., 2021). Furthermore, a new digital
divide based on teleworkability now discussed in literature as a possible driver of
increased disparities (among others, Fana et al. 2020; Sostero et al., 2020).
Teleworkability indicates the degree to which an activity can be perfasmexely
thanks to ICT devices, thus implying that job tasks requiring physical handling or duties
must necessarily be performed on-site, at the employers’ premises (ILO, 2021). Such a
concept is essential for properly exploring the impacts of the 2020-2021 actions to
develop telework practices in the coming years.

As teleworking remained a marginal issue in the past, mostly confined to
private companies and adopted in a few countries, its implementations were rarely
the subject of detailed statistical surveys in Western developed countries. With
reference to EU countries, the scant statistical evidence on teleworking across
member states has been obtained by extrapolating relevant information from
surveys focusing on other related topics, such as the European Working Conditions
Survey, the European Survey of Enterprises on New and Emerging Risks, and the
European Labour Force Survey itself (EU-OSHA, 2021a and 2021b). Although not
up to date, these official statistics are currently the only ones that can be consulted
to obtain representative information.

During the first months of the 2020 pandemic, Eurofound conducted a non-
statistically representative survey across European countries. Moreover, in 2021 a
special wave of the European Working Conditions Survey was implemented to
provide comparable and representative data on working conditions during the
pandemic across EU 27 member states and other European countries, but those
micro-data are not available yet. For the specific Italian context, the situation is
similar, since most of the studies conducted in the past two years are qualitative or
do not meet the requirements of reliable sample surveys (Eurofound, 2021). The
same can be said for the public sector across Europe and in Italy as well.
Consequently, we have chosen to employ information stemming from an
observational study developed in collaboration with CGIL Campania, whichislong
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establishetiin the public sector, to examine the response patterns of a small sample
of workers towards job satisfaction during the first lockdown period in the
Campania region.

3. DATA AND METHODS

The research targeted the five provinces of Campania, with the aim of assessing
organisational aspects and impacts on both working life and perceived job quality
during the pandemic, as perceived by public employees.

To set the scene, it should be mentioned that, according to the Ministry of
Economy and Finance (2020), in 2019 the total number of public emptagees
Italy was 3,186,014. In the Campaniaregion, 279,077 people were employed in the
public sector, thus representing about 8% of the national aggregate. Actually, in the
city of Naples, belonging to a large metropolitan area (province), the absolute value
is 45,947. Our respondents come mainly from local functions based in the area of
Naples. In particular, most of the interviewees (78.5%) live in the province of
Naples, with 7.2% in the province of Salerno, 6.1% in both Avellino and Caserta,
and only 2.15% in the province of Benevento.

This disproportion is related to the fact that the responses were collected by
a trade union, which traditionally has a stronger presence in more sizeable public
offices, therefore helping to explain the larger ratio of respondents from Naples.
The fieldwork, in fact, was carried out directly by CGIL Campania, which
disseminated 320 guestionnaires through its online social media channels between
October 2020 and January 2021.

The administered questionnaire focuses on the analysis of workers’ conditions
following the emergency imposition of remote work practices, with particular
reference to: i) assessed job satisfaction with respect to the tasks completed under

3 According to the data provided by ARAN (Agency for the Negotiation Representation of
Public Administrations), in the three-year period 2019-2021, when distinguishing public
employment by sector, for the local functions the percentage distribution of union membership
saw CGIL covering 34.3% of unionised workers, CISL 27.4% and UIL 18%. Hence, the CGIL

is considered the most representative trade union in the labour sector investigated (see: https:/
/www.aranagenzia.it/rappresentativita-sindacale-loader/rappresentativita/triennio-2019-
2021-prowvvisorio.html).

The contingent of public employees (excluding those with flexible, temporary, or other non-
standard contracts) in Italy is 3,186,014. Of these, 7.1% of the employed people belong to the
Central Functions sector, while 38.3% of the employees belong to the Education and Research
sector. Three sectors register a number of employees close to each other: about 20% are
employed in the public Health sector, while those with public law contracts are about 17.8%;
the amount of employees in the local government sector is 15.5% of the total. A marginal
guota, out of these sectors, accounts for 1.5% of the total.
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novel and unexpected circumstances; ii) physical and environmental conditions in
which their work was carried out; and iii) suitability or disruption of the work-life
balance in comparison to the previous period.

In addition to the usual demographic variables (gender, marital status,
education, composition of the household, type of work), informatias collected
on the type of public institution to which respondents belonged, as well as on their
work organisation, such as workspace at home, working time and procedures.
Perceptions and assessments regarding job satisfaction, work-life balance, and
relationships with colleagues and supervisors were also considered. Overall, 279
individuals answered the survey, resulting in a response rate of approximately 87%,
thus confirming the effective interest of respondents towards the topics of the
questionnaire.

The sample, of course, is small; nevertheless, the positive response rate is
quite consistent with such types of investigations. The main descriptive statistics to
understand the composition of the sample of respondents are presented below.

Our sample of interestis equally distributed by gender; 72.8% of the respondents
are married or declare to have a partner, while 10% are single. As far as age is
concerned, 50.2% of the sample is in the 35-54 age group, while 43% of the sample
is between 55 and 67 years old, and only 7% are younger than 34 years. Because
of this age composition, the presence of young children of primary school age is
extremely limited, which means that parental care duties may not influence the
satisfaction of working from home in our sample. However, 72% of the respondents
state that they do have children, and 36.2% of the entire sample report that their
partner has a job. When considering only the married respondents, almost 41%
affirm that their partner is employed.

Regarding the composition of the household, 8.5% of the sample declare that
they live alone (regardless of their marital status), 54.7% of the sample say they live
in a household of two or three people, and 36.8% report living in households of
more than three people.

With respect to the size of the respondents’ employer, as indicated in Table 1,
more than 56.6% of the workers belong to an administration office with more than
1,000 employees.

The distribution by workers’ reported net income is presented in Table 2 and
includes four income classes. Most of the sample report an annual income from
employment ranging from 20,000 to 30,000 euros per year.

5 Data are available from Authors on request.
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Tab. 1: Respondents by Administration Size

Administration Size Freg. Per cent Cum.
<15 10 3.58 3.58
15-50 13 4.66 8.24
51-100 32 11.47 19.71
101-250 38 13.62 33.33
251-500 18 6.45 39.78
501-1,000 10 3.58 43.37
> 1,000 158 56.63 100.00
Total 279 100.00

Participants were also asked to respond to questions about various aspects of
family and work life, using a Likert-type scale to assess their degree of agreement
or disagreement with the statements. The results are depicted in Figure 1.

Our variable of interest is the satisfaction with telework. The original variable
is expressed on an 11-point scale from 0 to 10 (with O=totally disagree and
19=totally agree) and presents a substantial dispersion, with a considerable
number of responses assigned to the “balance” modality of the scale (rating=5),

and quite high ratings assigned to both the low modalities and the high ones, as seen
in Figure 1.

Tab. 2: Respondents by Income Classes

Income classes (Eur 0s) Freg. Per cent Cum.
< 20,000 56 20.07 20.07
20,001-30,000 154 55.20 75.27
30,001-40,000 55 19.71 94.98
> 40,000 14 5.02 100.00
Total 279 100.00
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Fig. 1. Job Satisfaction in Teleworking, Original Likert Scale (percentage)
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We also explore interviewees’ satisfaction with their own “home as a place of
work”. Furthermore, the perceived “lack of recognition” from supervisors or
managers regarding work performed in teleworking mode is investigated, as well
as the employees’perception of a “never-ending” working day. All of the considered
variables are expressed on the same 11-point scale.

As indicated in Table 3, nearly 6% of the sample declare to be totally
dissatisfied (rating=0) with their home as a place of work, while more than 43%
reported a high or very high level of satisfaction (ratings between 7 and 9).
Additionally, 20.43% affirm that they are more than satisfied (rating=10). Conversely,
itis remarkable that the concern that one’s work may not be fully acknowledged due
to teleworking is diversely distributed. In fact, while more than 16% of respondents
do not rate this as a prominent concern, approximately 22% assign a medium-high
rating (between 7 and 9) and as many as 17% claim they fear a significant lack of
appreciation of their work (rating=10). With respect to the long working days which
“do not seem to finish”, responses indicate that 17% totally disagree, 19% totally
agree, and 10% express an “intermediate” answer, leaving the remaining categories
equally distributed.

Tab. 3: Respondents’ Self-Assessments (per centages)

Level of Satisfaction towards Lack of recognition Never-ending
proposed homeasaplace of work donein working days
scale of work teleworking
0 6.1 16.1 17.6
1 22 4.7 3.9
2 22 4.3 3.9
3 22 4.3 3.6
4 3.9 6.8 2.9
5 8.2 14.7 10.4
6 11.8 104 9.3
7 15.4 7.5 7.2
8 19.0 9.0 14.7
9 8.6 5.0 7.5
10 20.4 17.2 19.0
Total 100.0 100.0 100.0

Similar quite diverse response patterns are registered for other self-reported
assessments, such as the level of concentration experienced during teleworking. In
fact, approximately 58% of respondents assert that their work effort has increased
overall while teleworking, whereas 38.8% do not report any change. With respect
to housework and other unpaid duties, 61% of respondents state they share child-
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rearing tasks with their partners, 23% report caring for their offspring alone, and
only 10% said they received some help with parental duties from people outside the
family. Finally, approximately 61% of interviewees reportincurring some additional
expenses for useful ICT devices to enable them to telework from home.

3.1ESTIMATED MODEL RESULTS

Various modelling approaches can be applied in the case of ordinal responses.
Agresti (2010), Tutz (2012), and Piccolo and Simone (2019) are the main references
in this field. Taking into account the small sample size and the nature of variables,
in our opinion, a simple Ordered Probit model is the most suitable methodology.
However, due to the dispersion of responses to the job satisfaction question on the
original 11-point scale, the response variable was conveniently recoded on a three-
level scale (see Table 4), and the probability of being “dissatisfied”, “indifferent”,

or “satisfied” {ob satisfaction) is studied using an Ordered Probit model.

Tab. 4: Recoded Dependent Variable

Telework satisfaction Freg. Per cent
(original modalities)
0 dissatisfied (0—4) 61 21.86
1 indifferent  (5-7) 136 48.75
2 satisfied  (8-10) 82 29.39
Total 279 100.00

Given the available information, the model takes into account a number of
basic demographicgender (dummy variable, 1=woman), a dummy variable for
presence of children in the househoddigren), and marital status (categorical
variable, 1=single; 2=married; 3=other). Moreovgge classes, dimension of
public administration offices{ze), income, andexpenses for buying ICT devices to
work at home are inserted. Finally, some ordinal variables are considered: the
expressed level of satisfaction with home as workplaged as wp), perceived
differences in efforts pursued at wonkofx effort change), lack of concentration
(concentration), endless working daygdverending), perceived lack of recognition
of work done fackofrecog), and activities devoted to care for childresréchiaren).

In the Ordered Probit model, the probability of an outcpia@iven by the
probability that the estimated linear function, plus random error, lies within the
range of the estimated cut-points for the outcome. Formally, the model is:

Pr(Y,=j) = Pr(li_l <BXgi FBXy + . HB X FUSK ) Q)

where y~ N (0,02, coefficients B, ...B, ), and cut-points (k...k, ) are the
parameters to be estimated, J is the number of possible outcomes; and i 21...n, k
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is taken asee and K is taken ase. When in binary or an ordinal regression model

the homoskedastic error hypothesis is incorrectly assumed, the standard errors are
wrong, and the parameter estimates are biased (Yatchew and Griliches, 1985).
Therefore, the inferential conclusions based on the usual z-test statistics can be
misleading. To address the potential heteroskedasticity within the data, Williams
(2009 and 2011) proposed the heteroskedastic ordered models, in which the factors
affecting the heteroskedasticity are explicitly specified.

In particular, in heteroskedastic ordered models, the log-variances are specified
by:

log(c?) = Z Y, j=1...n )
where 4 is the value assumed by variable‘df the i-th observation. The vector
Z=(Z4,,Z, ...,Z)may include dummy or continuous variables and define groups
with different error variances.

The estimated coefficients for the model are presented in Table 5 as obtained
by maximising the likelihood function with the ordinal generalised linear models
(OGLM) package in STATA14 (Williams, 2011). Given the results, it is possible to
assume that, since the survey refers to the beginning of a strict lockdown period,
response patterns appear to be mainly affected by a potential lack of concentration
and by the availability of a comfortable home, suitable as a workplace. Considering
workers’ necessity to adjust to a completely new situation, the impacts of such
variables are somehow expected, since they are, of course, strongly interconnected.

The presence of children is significant at 10%, since it should be considered
that, as mentioned, children in the households are almost all in their late teens, and,
therefore, substantially autonomous. The variaedrechildrenis significantin the
variance equation, thus indicating some impact of the overall amount of usual
family caregiving duties.

No statistical significance is attached to age, gender, and marital status (80%
of the sample were married), consistent with the respondents’ status of public
employees, therefore presumably sharing similar overall conditions. Income class,
instead, is slightly significant.

To consider the different effects of determinants, the model was estimated
with the variance taking into account factors such as age, caring for children as a
parental duty, and a variable referred to the lack of acknowledgement of the work
carried outl@ck of recognition). The latter driver turns out to be significant only in
the variance equation but not as a general explanatory variable in the model: In fact,
it was deleted from the model main equation, so as not to overload it with non-
significant explanatory variables.
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Tab. 5: Heteroskedastic Ordinal Probit for Teleworking Job Satisfaction, Coefficient
Estimates, Variance Equation Coefficients, and Cut Points Estimates

TW job satisfaction Coef. Std. Err. z P>z
Gender 0.009 0.136 0.060 0.948
Children 0.354 0.211 1.680 0.093 *
Marital status -0.174 0.143 -1.210 0.225

Age -0.098 0.074 -1.320 0.185

Size 0.045 0.036 1.250 0.211
Income -0.189 0.111 -1.700 0.090 *
Home as wp 0.157 0.066 2.370 0.018 *x
Work effort change 0.351 0.166 2.110 0.035 *k
Concentration 0.368 0.141 2.610 0.009 bl
Neverending 0.008 0.023 0.340 0.735
Expenses 0.307 0.168 1.820 0.068 **

Log(sigma) equation

Children0.350 0.225 1.550 0.120

Age class -0.070 0.097 -0.730 0.468

Lack of recognition 0.041 0.023 1.790 0.073 *
Carechildren -0.165 0.083 -1.970 0.048 *k
Cut pointl 1.534 0.794 1.930 0.053

Cut point2 3.142 1.241 2.530 0.011
Pseudo R=0.21 LR testx?(15)=119.83

***: significant at 1%; **: significant at 5%; *: significant at 10%

The discussion of the results from the estimated model must take into account
that in the Ordinal Probit model the magnitude and sign of the coefficients cannot
be interpreted by themselves, so it could be worth examining specific response
profiles. In particular, we analyse the probability to be “very satisfied” and “not
satisfied” as a function of the level of satisfaction with home as a workplace and the
perceived variation in work effort, assigning to all the remaining variables in the
model their median value, considering a female individual with children who has
encountered some expenses to be able to work from home.

In general, as it may be observed in Figure 2, the probability of being more
satisfied with telework clearly grows as the degree of satisfaction with home as a
place of work increases and the work efforts varies. This circumstance is more
evident in case of greater work effort, meaning that home conditions do play a
prominent role. On the contrary, the probability of being less satisfied is undoubte-
dly higher for the same conditions, when respondents’ satisfaction for home as a
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workplace declines (Figure 3), evenin case of alower work effort. It should be noted
that since gender is not statistically significant, the corresponding estimated
probabilities for a male with the same characteristics are almost identical.

Prob(very satisfied)
q -
@ - =
/ I
< | /
N r T /"‘/..//4//
o 1 2 3 4 5 6 7 8 8 10
Home as workplace satisf
—— work effort lower —— work effort equal

—&— work effort increased

Fig. 2. Marginal effects of being “ very satisfied” with telework for a female respondent with
children, by varying work effort

Prob{never satisfied)

0 1 2 3 4 5 6 7 8 9 10
Home as workplace satisf.

—— work effort lower —4&— work effort equal
—&— work effort increased

Fig. 3: Marginal effects of being “ not satisfied” with telework for a female respondent with
children, by varying work effort
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4. DISCUSSION AND CONCLUDING REMARKS

The probability of being satisfied with telework, as well as with using their own
home as a place of work, is rather high for the surveyed public employees. This first
observation might seem to contrast with some findings of several research studies
on the level of satisfaction with this specific job arrangement. The widespread
consensus found in this study was rarely seen in previous transformation processes
of work organisation, therefore representing a resource not to be disregarded as a
basis for future improvements (among others: Messenger, 2019).

The respondents clearly perceived the unusual circumstances they experienced
in the first phase of the COVID-19 pandemic to be potential advantages, envisaging
the benefits in terms of less commuting, greater productivity, and increased self-
management of workload. This outcome could not have been predicted, especially
in light of the upheavals to daily life caused by the pandemic as well as of the lack
of an established culture of telework in Italy.

Beyond a general good reception of compulsory teleworking in the early
stages of containment and social distancing measures, some essential aspects and
limitations of the study should be underlined. First and foremost, our research refers
to a small sample of interviewees with respect to conditions experienced in the
period between March and May 2020, a time in which the workers were basically
forced to telework. We may assume that the novelty of working from home exerted
an initially strong positive effect because of the possibility of staying “safe”, not
commuting to workplaces, and, at the same time, remaining connected to the world.

Additionally, respondents’ positive perceptions may have benefitted from
other effects, such as the awareness of being observed and studied as a sub-group
of interest. This could also be a manifestation of the well-known Hawthorne effect,
which refers to the set of modifications in a phenomenon or a behaviour which occur
as a result of the presence of observers, but which is not likely to last over time (for
a statistical interpretation of the Hawthorne effect, see Franke and Kaul, 1978).

Negative impacts, as underlined in the literature (Fana et al., 2020; EU-
OSHA, 2021a; Eurofound, 2021) seem to take place only at a subsequent stage,
when the problems and inconveniences of teleworking have begun to become more
palpable in everyday life. In fact, the detrimental effects of such a new working
arrangement likely would arise only when employees encountered an increase in
their workload, more pressure regarding their work performance, and, in the long
run, a failed opportunity to settle work-life balance. The situation was entirely new
in the Italian context, since the country’s teleworking implementation figures
before the pandemic were extremely low in comparison to other similar European
economies. Then, the continuation of the pandemic and protracted periods of
involuntary work from home began to negatively affect the perceived quality of life
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of teleworkers, also in terms of technostfe$tese occurrences were higher for
teleworkers (28% compared to 22% of other employees) and even stronger for
women (29% compared to 22% of male colleagues). Moreover, teleworkers have
been considerably affected by the reduction or absorption of social contacts and by
the blurring of boundaries between working and non-working time (INPS, 2021).

In general, although with some intrinsic limits due to the small sample size,
our results reveal that the probability of being satisfied with teleworking increases
as satisfaction with home as a place of work rises, even in the case of work effort
intensification. These circumstances lead us to surmise that workers in our sample
are deeply engaged and can express their own ability to control their work
processes.

It seems remarkable that many respondents in middle- and low-income
classes have undertaken expenses to enable them to work from home. This
observation is apparently at odds only with the fact that our sample consists of
workers employed in the public sector: Italian public employees have seen many of
their advantages eroded over the past 30 years. To date, figures demonstrate that,
in comparison with the rest of Europe, the Italian public sector workers are in the
lowest positionswith respect to almost all the available indicators.

With respect to a better balance of living and working time, our results —
consistent with evidence at a national and international level (among others, Del
Boca et al.; 2020; Dunatchik et al., 2021; EU-OSHA, 2021b) — have demonstrated
that teleworking may be considered an effective contributor to a better work-life
balance only if it is properly managed. In fact, research on the impacts of telework
has begun to disclose that telework activities, when not properly managed, could
lead to a non-sustainable overlapping of care and professional roles, with more
severe consequences for women, especially with regard to their career prospects
(Rodriguez-Modrofio and Lépez-Igual, 2021).

These results call for further research on larger datasets and deep investigation
of the impacts of telework on the quality of working life, aiming to provide valuable
information to both policy makers addressing specific regulatory measures and to
managers in charge of implementing companies’ welfare.

6 Some possible negative effects of the so called “technostress” are deterioration of the work-
life balance and overworking. Overall, overworking (i.e. dedicating a large amount of time
to work and neglecting moments of rest) involved 13% of workers and to a greater extent
teleworkers than other workers (17% compared to 9%), women than men (19% compared to
11%) and managers than collaborators (19% compared to 9%) (Osservatori.net, 2021).

As an instance, the percentage of public workers out of the total number of workers in Italy
in 2017 (13.4%) is lower than it is in France (19.6%), Spain (15.9%), and in the United
Kingdom (16%), and higher only as compared to Germany (10.8%) (Eurofound and ILO,
2017).
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