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With the spread of COVID-19 and the closure of universities, the
possibility of holding face-to-face chemistry laboratory courses was lost. And universities
inevitably used alternative solutions to provide laboratory courses. Farhangian University, like
other university centers, switched to online education. This current research aimed to
investigate the level of mastery of computer skills and digital literacy, as well as the quality of
teaching and the effectiveness of virtual teaching of chemistry laboratory courses from the
perspective of chemistry student-teachers at Farhangian University.

The research was applied in terms of purpose and cross-sectional in terms of time.
The research data were collected using a descriptive survey. The statistical population of the
research consisted of student-teachers of Chemistry Education in the campuses and higher
education centers of Farhangian University in the academic year 1400-1401, who had the
experience of face-to-face and virtual education of chemistry laboratory courses. The
research tool included a researcher-made questionnaire with 25 items on a 5-point Likert
scale. Five chemistry faculty members of Farhangian University confirmed the validity of the
questionnaire, and its reliability was calculated by Cronbach's alpha method, with a
coefficient of 0.97. The questionnaire was prepared through Google Forms. After obtaining
legal permissions, the questionnaire link was sent to the target group via email. And they were
asked to complete the questionnaire if they were satisfied. A total of 180 students completed
the questionnaire and submitted it. The collected data were analyzed using SPSS (20.00)
software and descriptive and inferential statistical methods. Semi-structured interviews were
conducted with 10 participants. Participants were assured that they would remain
anonymous.

Overall, participants' opinion about computer skills and digital literacy was favorable
(X=4.38, p < 0.05). In the components of the quality of education (X = 3.22, p < 0.05) and the
effectiveness of virtual education of chemistry laboratory courses (X = 3.15 and p < 0.05),
relatively favorable score were obtained. The difference in the average score of the research
components according to the year of entering the university was not statistically significant.
However, there was a statistically significant difference between the average score of the
quality of education component according to the gender of student teachers. Tukey's post
hoc test showed that male participants obtained a higher average score in the education
quality component than female participants. The students' opinions on two items, "l was
satisfied with conducting laboratory units virtually" and "the level of learning in online
chemistry laboratory classes was good", were unfavorable. Examining the interviews showed
that students often described their computer skills and digital literacy as favorable, although
they were dissatisfied with the lack of computer skills of some professors. Several
interviewees stated that some professors tried to make teaching as effective as possible using
virtual laboratory software, videos, and related clips.
Respondents' dissatisfaction with conducting chemistry laboratory units in a
virtual way and their level of learning in online classes of chemistry laboratories was not
favorable, showing that the level of satisfaction with the virtual education of chemistry
laboratory courses presented in a virtual way was not good. Most interviewees admitted that
the disadvantages of virtual classes were more than their advantages. There may be a direct
relationship between greater satisfaction with the quality of education in the group of males
and the probability of their employment and earnings money. In conclusion, the best method
to improve online education is a combination of digital literacy, computer skills, creativity,
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using different educational tools, and active teaching-learning approaches. These results can
be provided to administrators and planners of Farhangian University and the Ministry of
Education. These results can help them to use operational strategies to compensate for
possible deficiencies in the professional competence of chemistry student teachers in the
laboratory courses provided virtually.
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Table 1: Demographic characteristics of the participants
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S iyl 35 0l s ol ”5fj ‘ Sz oo

Year of University .
Gender Variable

Campus/Higher education center entrance
Sy ole agd bl ol aed S Ripaad —odhiagd
* ok ‘ ok ‘ O'ﬂ; Q‘)é‘: 1400 1399 1398 1397 o -
Shahid Hasheminejad-  Shahid Bahonar-  Shahid Rajaei-  Shahid Beheshti-  Shahid Sherafat- Male Female
Mashhad Isfahan Isfahan Tehran Tehran
HARE
17 24 52 18 69 58 33 48 41 42 138 <
Frequency
9.5 13.3 289 10.0 38.3 32.2 183 26.7 228 233 76.7 )2
Percentage
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Table 2: Descriptive results for the level of computer skills and digital literacy of the participants

Sollae s e Ll ksl st oSk w5
Desirability Significance t statistics Mean Standard Mean Object
level difference  deviation
Uogel sl 3Lisyge sladsliy g b ,l58le 5 5l ooliiul g s oS50 40 (o
wslhs 0.49 1.49 0.059 0.79 428 P Y &lee b
Desirable | have the necessary skill in understanding, determine, and using the software
and programs needed for online education.
(o8 9 pyy Bl oyl ol ¢ Joaal) Jas pn (bL 1 sl yins 5l oslaul jo e
S 0.16 0067  0.046 0.61 4.49 2y Y Slee OIRes b bas ) S 5 LUl 5,08 sl
Desirable | am proficient in using online communication platforms (email, messengers,
Skyroom, etc.) to communicate and collaborate with others online.
eyl sy ¢ Lesws glgx 135Sl as 4o
wslhs 0.13 168 0.051 0.68 4.42 el e e len Jlams slyiome 5 A28 4 0 e
Desirable | am skilled in sharing digital content.
g g sl g ,lidle 5 5l (0 g9y » a8 pdy Dlarlas Jlasl jo oo
wollae 0.019 1.62 0.052 0.70 427 ol 1y p3Y Olee (Ko 2SIl (slgime
Desirable | have the necessary skills to apply advanced settings on some software and
programs and produce electronic content.
ol 0.53 0.62 0.045 061 446 2l 1y a3 les (0008 5 LMS) Loy (5j9e] (slap iy 5l eslainl )5 e
Desirable | am proficient in using online learning platforms (LMS, etc.).
O)lee Jlezms Glgioee Oledlbl g baosls pogas o> bass> 5 5,0 10 e
sl 023 -0.15 0.052 0.70 437 el b ey
Desirable | have the necessary skills to understand and protect the privacy of data and
digital content information
olfiglo;T b o o (60,05 (slaasl 5l eolizal 4o p3Y & lga g il 5l oo
sllas Lo [Kgyes
< 0.78 1.60 0.057 0.76 439 e 0057 (o
Desirable | have the necessary knowledge and skills to use applications related to the
.chemistry laboratory
9 0.53 1.48 0.35 0.48 4.38 JS

Desirable Total
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Table 3: Descriptive results for the quality of virtual teaching chemistry laboratory courses

o Jailewl 8l ol

Capsllas Sl toll Lo oSl oSile s
- - - . Standard i
Desirability Significance leve t statistics ~ Mean difference - Mean Object
deviation
090> Gilzme Sy &S (5090 (Slgizms 5l (e
ot b 0.096 1.67 0.413 1.41 3.48 e (2, Sgdn ) (ot (IS
Relatively desirable | was satisfied of the contents presented in the virtual classes
of chemistry laboratory courses.
Wyl pe wlgiore (il e aslul a5 p0 S co wla! (e
= 0.056 1.92 0.457 1.35 4.16 s fore
Desirable | felt that my professors had good content knowledge.
lgizme b paslul Lo oaiaid 5 )15 4y (g uSol- 200l g,
=2 0.062 1.87 0.45 1.37 3.70 g2 cenlite
Desirable The teaching-learning method used by my professors was
appropriate to the content.
Ol > U 1) )0 g9050 passlul a5 00 S o bl 10
oot b 0.146 1.46 0.463 1.41 3.27 oS e Shr
Relatively desirable | felt that my professors made the subject as interesting as
possible.
) 5y s ¥lg 4 sl Sl 5l
sl 0.001 333 0.78 136 3.95 P32l ¥l 4 5l (25l Sl e
Desirable | was satisfied with the professors' answers to my questions.
5 o loges ¢ Jolom ¢ piandl ( 315 sla 5l oS 3 e
ot b 0.255 114 0.277 138 3.36 #9552 oLl Loy ooliuls 5o slaces
Relatively desirable | was satisfied with the quality of the graphic tools,
animations, tables, charts, and clips used by my professors.
S ) Jled 5,050k - posl sla g, 5l oBisle;l oLl
= i 0.589 0.541 0.129 135 3.41 33,5 g0 03l (g 035 pll o295
Relatively desirable Laboratory professors used active teaching-learning methods
(such as group work, doing projects, etc.).
&5 90 s SVl oy 2 sl S8l &8, Sl
sl 0.800 0.254 0.56 1.24 3.73 Wt IS (o> S
Desirable Debugging meetings were held to review the agenda
questions and to solve the lesson problems.
) 20 285 0,5 oo Sl (2Bly ol e 0 (55lme olKiule;]
1 . _ _
wotlae b 0.438 0.777 0.20 1.45 3.19 pog olKiules]
Relatively desirable
The virtual lab made me feel real as if | was in the lab.
ot b 0.082 175 0.347 113 3.22 g
Relatively desirable Total
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Table 4: Descriptive results for the effectiveness of virtual teaching of chemistry laboratory courses

ol b e told  as Sle st Gl el ass

Desirability Significant leve  t statistics Mean difference  Standard deviation Mean Object

Bg gy Giloee (higel o pERaslejl ugys il 38

=3 0.156 -1.42 -0.287 1.14 3.66 It was easier to pass laboratory courses in virtual
Desirable -
education.
oollas Lo £0,55 4 |y (ASe e (g5lme UBj90] Jgb po
Relatively 0.284 1.07 0.224 118 3.13 | did not experience any problems during the virtual
desirable training.
oot s 85 4,28 1) ol (3lome (59el Jolbo 50
Relatively 0.219 -1.23 -0.272 125 3.01
. | did not experience stress during the virtual training.
desirable
00l 5 (28350l Glllae 5550 (Sl 5 Lo o
9 0.745 0.325 0.064 1.11 3.64 .m_:..‘l)la
Desirable
| had more time to review the teaching material.
) Silome Oygon 2alel slaasly 5135 5l e
gl
= 0.001 3.83 0.833 1.28 2.14 POy
Undesirable
| was satisfied with holding laboratory units virtually.
s st oRislejl bas 1y sl WS )5 (5,50l e
glacls
= 0.001 3.59 0.775 1.26 2.06 R
Undesirable The level of learning in online chemistry lab classes was
good.
. O Sl St po5 o0 Dl (e baB p (Sla S 50
Relatively 0.001 3.30 0.709 124 3.31 ot S )98
desirable In the online classes, | dared to ask more questions than

in the face-to-face class.

o PEELT ugyd sln ) oga Ghisel e
PVIZPR o
Ty S 0.030 -2.19 -0.452 117 4.51 B o8 gy

Very desirable
| prefer face-to-face teaching for chemistry lab courses.

b on slop s 5o (pRlesl slously @as oo o 5
Sopa gl Sgots (Jeaill b 51 S bl o3

ol 0.057 191 -0.413 1.23 3.98 D9l )|,S5 Jasll

Desirable | prefer laboratory units to be presented/repeated in the
following semesters or summer semesters as face-to-face
training.
Relatively 0.210 1.25 -0.131 0.59 3.15 ey

desirable
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Table 5: Results of Multivariate analysis of variance test results for research variables
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square squares
[FE) | lasb! o
0.012 0530 2077 0.443 1 0.443 oz g 5 sl slac e
Computer skills and digital literacy
0.017 0.001 3.024 3.44 1 3.44 A T
Quality of education Gender
x50l (ool
0.008 0.210 137 0.48 1 0.48 S o y
The effectiveness of virtual education
[FE) | lasb! o
0.013 0519 0757  0.162 3 0.485 oz Sl 5 sl sloc e
Computer skills and digital literacy
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Quality of education Year entering
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