Mcuxonornyeckas Hayka v o6pasosaHue Psychological Science and Education

2021.T.26. Ne 1. C. 76—91 2021. Vol. 26, no. 1, pp. 76—91
DOI: https://doi.org/10.17759/pse.2021260105 DOI: https://doi.org/10.17759/pse.2021260105
ISSN: 1814-2052 ISSN: 1814-2052
ISSN: 2311-7273 (online) ISSN: 2311-7273 (online)

Academic Outcomes of Students

in University Digital Environment

at Different Levels of Higher Education:
Who Is More Successful?

Marina G. Sorokova
Moscow State University of Psychology & Education, Moscow, Russia,
ORCID: http://orcid.org/0000-0002-1000-6487, e-mail: sorokovamg@ mgppu.ru

The problem of empirical assessment of various aspects of learning in the digital
educational environment seems to be of particular relevance. At the same time, it
is emphasized that there is a lack of comparative studies of students’ educational
outcomes at different levels of higher education who have completed e-courses. The
study was conducted at the Moscow State University of Psychology and Education
(MSUPE), the sample size is N = 424 students. Subject of the study is immediate
and long-term academic achievements of students in two levels of higher education
who completed e-courses. Purpose of the study is to evaluate the differences in the
academic achievements and knowledge retention of graduate and undergraduate
students. Key findings of students’ academic outcomes comparative analysis are
the following: (1) No differences were found between graduate and undergraduate
students in the pretest, final test and overall e-course grade indicators. (2) The same
tendency was revealed in students of both groups: pretest scores are low, posttest
scores significantly and strongly increase, and then after 1.5 - 4 months they sig-
nificantly decrease, while remaining significantly higher than the input indicators. The
knowledge retention scores are very scattered in comparison with the direct ones.
(8) The gain score effect size and the improvement index are significant for the final
test only without adjusting for clustering, i.e. ignoring the fact that the sample consists
of several student groups. A median graduate student would have a higher score
than a median undergraduate student. Cluster-level effect size is not statistically sig-
nificant. Cluster-level effect size for overall e-course grade indicators with difference-
in-differences adjustment is also not reliable. (4) The knowledge retention scores in
both students’ categories do not differ. The gain score effect sizes for knowledge
retention, taking into account both the final test and the pretest, are not significant.
(5) The psychometric characteristics of the academic achievement test in the field of
empirical data quantitative analysis can be considered satisfactory.
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NpeamMeTHbIE pe3ynbTaTbl CTYAEHTOB

B LuchpoBOMn cpeae yHUBepcurteTa

Ha pa3HbIX YPOBHSX BbiCLUEro
o6pa3oBaHMA: TaK KTO XXe 6onee ycnewuieH?
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OTmeyvaeTcs, 4TO npobrieMa SMMNMPUYECKON OLEHKN PasnnyHbIX acrneKkToB 06-
yyeHusi B umcpoBom obpasoBatenbHOM MPOCTPaHCTBE npuobpeTaeT ocobyro
akTyanbHOCTb. B TO Xe Bpemsi nogvepkusaeTcsi, YTO cyliecTByeT feduvumT
CpaBHUTENbHbIX UCCNeaoBaHW 0b6pas3oBaTesbHbIX Pe3ynbTaToB CTYAEeHTOB Ha
pasHbIX YPOBHAX BbICLLEr0 06pa30BaHUs, 3aBEPLUMBLLNX INEKTPOHHbIE KYpCbl.
MpepncTasneHbl pedynbraTbl UCCNEAOBaHWS, MPOBEAEHHOr0 Ha BbIGOpKe o6bema
N=424 cTyneHToB (06y4atomecs B MOCKOBCKOM rocyapCTBEHHOM MCUXONOro-
negarornyeckom yHueepcutete). NMpegmeTom paboTbl 6bIMM HEMOCPEACTBEH-
Hble 1N oTdasnieHHble obpa3oBaTesibHble pe3ynbTaThl CTYAEHTOB ABYX YPOBHEN
BbICLLEr0 06pa3oBaHys, 3aBepLUMBLUMX 3NEKTPOHHbIE KypChl. Lienbio nposeaeH-
HOro nccrneposaHus 6bI10 OLIEHUTb pasnmyms B 06pasoBaTtesibHbIX pe3ynbrarax
CTYAEHTOB MarucTpaTtypbl 1 NporpaMM BTOPOro BbiCLLEr0 06pa3oBaHus, C oA-
HOW CTOPOHbI, N CTYAEHTOB 6akanaspvara u cneuvanireta nporpamm nepso-
ro BbicLLEro o6pasdoBaHnsi — ¢ Apyro. CpaBHUTENbHBIN aHanuM3 pesynsTaTos
nokasan crnegytoiee: 1) pasnuymin mexay AByMs KaTeropmsimun CTyAEHTOB B pe-
3yneTartax BXOAHOMO TecTa, UTOroBOro TecTa M O6LLEN OLeHKe 3a 3NIEKTPOHHbIN
KYPC He BbIIBNEHO; 2) 06Hapy>XXeHa 0fHa 1 Ta Xe TeHAEHUUS Y CTYAEHTOB 06enx
KaTeropuvi: Ha Bxofe pe3ynsTaTtbl Mo TECTY AOCTVXKEHUIN HU3KNE, Ha BbIXOAE OHN
[OCTOBEPHO U CUMBbHO BO3pacTaloT, a 3aTem 4Yepe3 1,5—4 Mecsaua JOCTOBEPHO
CHMXAIOTCsi, OCTaBasfCb NpU 3TOM [OCTOBEPHO Bbile BXOAHbIX Pe3ynbTartos.
[Mpun aTOM OTAANEHHble pe3ynbTaTbl CUMbHO paccesHbl N0 CPaBHEHWUIO C Herno-
CcpeacTBeHHbIMY; 3) pa3mep ahdekTa 1 MHOEKC YyNyyLIeHUs OOCTOBEPHbI Ans
MTOrOBOrO TecTa C y4eTOM pe3yfbTaToB BXOOHOMO TecTa 6e3 nonpasku Ha Kna-
cTepusaumio, T.e. UrHOPMPYS TOT OakT, YTO BbIGOPKA COCTOUT M3 HECKONbKUX
CTyAeH4Yeckunx rpynn. MegnaHHbIi CTYAEeHT NporpaMM MarncTpaTtypbl U BTOPOro
BbICLLEro 06pas3oBaHns UMern 6bl 6051ee BbICOKUI pesynbTaT, YeM MeauaHHbIN
CTYAEHT B rpynne nepeoro Bbicllero. Pasamep adhdekTa ¢ Koppekumen Ha Kna-
CTepu3aumio CTaTUCTUYECKM He 3Ha4nM. Pasmep acbdbekTa ans o6Luen oueHKn
3a 9MEKTPOHHBIV KypC C Y4eTOM BXOAHOrO TecTa TakxXe He JOCTOBepeH; 4) oT-
haneHHble pesynbTaTbl 06eMX KaTeropuii CTyAeHTOB He pasnuyatotcs. Pasmepsl
adhdhekTa No OTAANEHHBIM pe3ynbTaTtaM C y4eTOM Kak UTOroBoro Tecta, Tak 1 ¢
YyH4eTOM BXOAHOr0 TeCcTa He[JOCTOBEPHbI; 5) NCMXOMETPUHECKME XapaKTepUCTUKN
TecTa [OCTUXKEHUIN B 061aCTU KONIMHECTBEHHOMO aHanmnsa aMnMpu4ecknx faH-
HbIX MOXHO CYMTaThb YAOBNETBOPUTENbHBIMU.

KnroyeBble cnoBa: cmellaHHoe O6y4YeHvie, MOAenb «MepeBepHYThIA Knacc»,
3MEKTPOHHBIN KYPC, MaccoBbI OTKPbITbIM oHNanH-kypc (MOOK), umdpoBble
TexHomnormn B o6pasosaHun, Lndposas cpefa yHuesepcuTeTa, obpasoBaTesibHble
pesyneTathbl, OTAANEHHbIE Pe3ynbTaThl, padmep adekTa, UHAEKC ynyHLLeHns.
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Introduction

Currently, the digitalization of educa-
tion has become global. Thanks to modern
digital technologies, universities around the
world interact in a network form, develop
their own e-courses and use online courses
of other universities, increasing the acces-
sibility and quality of education.

Analyzing current trends in education,
B. Williamson [22] stresses the influence of
“platform capitalism” or “surveillance capi-
talism” represented by online educational
program management platforms, digital
learning platforms and intensively using
data analytics to realize their strategic busi-
ness priorities on the landscape of higher
education. According to him, these forms of
digital capitalism are merging with existing
political demands for universities to become
more data-driven, competitive, and market-
focused. P. Prinsloo [17] in a review of Wil-
liamson’s book cites the author’ point of view
on the role of datafication and digitization in
education: they point to how “software and
digital data are becoming integral to the
ways in which educational institutions are
managed, how educators’ practices are per-
formed, how educational policies are made,
how teaching and learning are experienced,
and how educational research is conducted”
[17, p. 183].

In Russia, online education is one of
the priority areas of public policy. The state
program of the Russian Federation “De-
velopment of education” for 2018 — 2025
includes the implementation of the federal
project “Digital educational environment”.
The project aims to “create conditions for
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the introduction by 2024 of a modern and
secure digital educational environment that
ensures the formation of self-development
and self-education value among students of
educational institutions of all types and lev-
els by updating the information and commu-
nication infrastructure, training personnel,
creating federal digital platform” [1].

Universities that intend to be powerful
educational clusters must prepare interac-
tive courses with elements of distance learn-
ing [7]. The modern educational paradigm
involves the creation of smart universities
in order to provide each student with the
opportunity to build an individual profile of
competencies with which he will enter the la-
bor market in the digital economy and will be
in demand there [2]. And even the external
conditions associated with the force majeure
circumstances of the spread of pandemics
of viral infections force universities to com-
pletely switch to distance learning formats
as soon as possible. Thus, the problem of
the empirical assessment of various aspects
of learning in the digital educational space is
of particular relevance.

Previous studies findings

In international studies, various aspects
of the digitalization of education are actively
explored. One of the most important issues
is to assess the impact of blended learning
and “flipped classroom” model on students’
educational outcomes. A.A. Margolis [3]
characterized various models of blended
learning and presented the analytic review
of international studies of its effectiveness
in general education compared to traditional
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full-time and distance learning. The results
are controversial: a number of studies con-
firm its advantages, others do not, the re-
search design is also criticized. Note that
blended learning is a combination of full-
time study with digital and online formats.

Currently, one of the most popular ap-
proaches in blended learning is the “flipped
classroom” (FC), which involves a combina-
tion of extracurricular self-study of students
using lectures video recordings and a va-
riety of online tutorials and teaching ma-
terials with face-to-face sessions aimed at
updating the independently studied content
and developing the desired competencies
using interactive methods [3]. A number of
empirical studies are devoted to assessing
its’ effectiveness in higher education in vari-
ous aspects when studying various courses,
for example, English [9], physiotherapy [19],
management [18].

In the paper [10], self-efficacy, auton-
omy, and academic workload, as well as
knowledge retention of students studying
a course of hematology and oncology us-
ing the FC, were compared with traditional
full-time study. There were no differences in
the workload and autonomy indicators, but
students’ self-efficacy in the FCs was signifi-
cantly higher, and the time to prepare for the
exam was significantly less. 10 months after
the course, long-term outcomes and self-
efficacy showed no differences.

The study [16] emphasizes the impor-
tance of categorizing assessment tasks in
accordance with Bloom’s taxonomy for eval-
uating the FC-effect. It was shown that the
academic achievements of students study-
ing anatomy in the FC are significantly bet-
ter than students in the traditional full-time
approach when performing tasks requiring
a higher level of knowledge, i.e. analysis,
and there are no differences in the results
of tasks requiring a lower level cognition, i.e.
knowledge or its application.

The structure of e-courses includes dif-
ferent assessment types, and from this point

of view, the study findings [13] of the motives
of students using online formative assess-
ments (OFAs) when preparing for summa-
tive assessments are important. Formative
assessments intend to provide feedback on
student performance in order to improve and
accelerate learning. Revealed motives for
using OFAs are the collection of information,
obtaining feedback or direct communication.
The main reasons for abandoning the use of
OFAs were lack of time and having complet-
ed the questions before, but they can also
be associated with the students themselves,
teachers or fashion.

Analytical review of the advantages and
disadvantages of the FC [8] shows that the
most frequently reported advantage of this
model is improved student performance.
Most of the problems of this model are asso-
ciated with extracurricular activities, for ex-
ample, inadequate preparation of students
for full-time sessions.

Very interesting study of the effective-
ness of the FC-approach based on massive
open online courses (MOOCs) [21] shows
that students in the FC based on MOOCs on
average showed better academic achieve-
ments in the inorganic chemistry course
than in the traditional class. In addition, most
FC-students received favorable experience
in terms of interaction with group students,
the availability of learning materials and
the results of active learning. The authors
discuss the possibilities of using common
MOOC:s in traditional university curriculums.

In our pilot empirical study [6] the poten-
tial of the e-course “Mathematical Methods
in Psychology” as a digital educational re-
source of blended learning using the FC is
examined, reliable relationship between the
students’ positive assessment of their edu-
cational achievements and their positive at-
titude to the new format is confirmed . The
students’ academic outcomes after complet-
ing the e-course significantly improved. The
FC-students final assessments are on aver-
age significantly higher than in the group of
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traditional full-time learning. A comparative
analysis of perceived learning experiences
in the e-course of graduate and under grad-
uate students was carried out by us in [5].

Of particular interest are the results of
a meta-analysis conducted by the authors
of articles [11], [12] and [14], since they
analyzed not only scientific papers, but also
electronic databases provided by their au-
thors or available in data repositories.

In a meta-analysis [11], aimed at testing
the FC-effectiveness compared to the tradi-
tional approach in medical education, this
model is evaluated as a promising learning
approach to increase student motivation and
interest. However, the influence of the FC on
changes in knowledge and skills was less
convincing, since the effect sizes ranged
from d = -0.27 to 1.21 with a median of 0.08.
The different effect size direction and its’
modulus testified to the lack of convincing
evidence of the FC-effectiveness in relation
to academic achievements beyond tradition-
al teaching methods. The need for further
studies of the long-term impact of this model
with respect to knowledge retention and
the transfer of knowledge into professional
practice and patient care is emphasized.
Another meta-analysis of comparative stud-
ies conducted in [14] showed a general
statistically significant effect in favor of the
FC compared to the traditional approach for
teaching professions in the field of medicine
and healthcare. The emphasis was on re-
search, where students were given video
lectures before face-to-face sessions. The
effect sizes were also calculated, and pos-
sible moderators and systematic publication
errors were analyzed.

A meta-analysis [12] of studies on a
sample of students studying both medicine
and health care sciences, as well as sci-
ences from other areas, showed that the
outcomes of FC-students were significantly
better than traditional full-time approach
students, in exam scores (after intervention
between groups and as changes in indica-
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tors before and after the intervention) and
in course grades, but not in objective struc-
tured clinical examination scores. Analysis
of the subgroups showed that the advan-
tage of FC was not observed in RCTs, non-
USA countries, as well as in earlier years
of publication (2013 and 2014). Cumulative
analysis and meta-regression suggested a
tendency to gradually improve the results by
year.

We did not find comparative studies of
the educational outcomes of students at dif-
ferent levels of higher education who com-
pleted e-courses with FC-approach.

Methods

The quasi-experimental study was car-
ried out at the Moscow State University of
Psychology and Education (MSUPE) in
the fall semester of 2019 and in the spring
semester of 2020 in the framework of the
research project “Digital Technologies in
Higher Education: Development of Tech-
nology for Individualizing Education Using
E-Courses”, website project https://dthe.
mgppu.ru. The sample consists of N1 = 234
students attending master’s programs and
the second higher education programs (IG1,
graduate students) as well as N2 = 190 stu-
dents attending undergraduate programs
and program majors (IG2, undergraduate
students) covering program tracks in psy-
chology and education. Total sample size is
N = 424 students relating to 23 academic
groups of 6 faculties of the university. All
students completed e-courses developed
by us: the e-course “Statistical and Math-
ematical Methods in Psychological and
Educational Researches” for masters’ level,
and the e-course “Mathematical Methods in
Psychology” for undergraduate level. Both
e-courses are hosted on the LMS Moodle
platform and are available at https://e-learn-
ing.mgppu.ru.

We collected contextual data about the
sample using the feedback survey, accessible
after the completion of the e-course. 28 stu-
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dents did not fill out this survey, therefore,
we present the testees’ socio-demographic
characteristics according to the sample of
N = 396 students, of which N1 =213 students
belong to IG1 and N2 = 183 students be-
long to IG2. There are no gender differences
between the groups (p = 0.613): there are
21.1% of men and 78.9% of women in IG1,
and 18.6% of men and 81.4% of women in
IG2. Both groups significantly differ in age
(Chi-square test, p <0.001). The IG1 group
is mainly adults: 16.0% are students aged
20—24, 12.2% are 25—29 years old, 29.1%
are 30—34 years old and 42.7% are 35 years
old and older, while in IG2 youth predomi-
nates — 16.9% under the age of 20 years,
81.4% — 20—24 years old, and only 1.6%
are 25 years old and older. Both groups also
significantly differ in the nature of employment
(Chi-square, p <0.001). Compared to 1G2, in
IG1, work is related to the program track they
attend in 51.2% vs 5.5% students, not con-
nected — in 32.9% vs 41.5%, and 16.0% vs
53.0% currently do not employ at all.

Both e-courses are aimed at developing
competencies and basic skills for quantita-
tive analysis of empirical data in research
and scientific and practical activities in
SPSS and consist of 3 identical modules
regarding basic methods of mathematical
statistics, and the master’s course also has
the 4th additional module “Multidimensional
Statistical Methods ” for advanced students.
We compared perceived experiences and
academic outcomes of students who com-
pleted 3 mandatory modules. Educational
outcomes were evaluated using 5 tests
inside the e-course, i.e. pretest, 3 learning
tests inside the modules, final test, and an
individual case-task including 6 cases. Cas-
es in different case-tasks varied in data sets.
Students performed case-tasks in SPSS,
we evaluated and commented on them.
Students who completed the e-course filled
out an anonymous feedback survey. After
1.5—4 months, students participated at
full-time testing again at the Department for

Monitoring the Quality of Professional Edu-
cation (DMQPE) at the MSUPE to evaluate
knowledge retention. The pretest, the final
test and the test at DMQPE are the same.

Both e-courses were studied in blended
learning FC-format, which implies a transi-
tion from teacher-centered approach to
student-centered learning management
approach using the LMS Moodle platform.
The videolectures were offered to students
for independent pre-class preparation along
with presentations, videos demonstrating
case solving in SPSS, data files and output
files, hyperlinks to textbooks in electronic
library and articles in scientific journals of
the PsydJournals portal https: //psyjournals.
ru/, illustrating the application of the studied
methods in real researches. At the face-to-
face sessions, students, individually using
presentations as a guideline, updated infor-
mation: answered instructor questions, par-
ticipated in group discussions of the most
difficult issues, but, most importantly, they
solved in SPSS authentic cases concerning
researches in psychology and education,
learned to choose methods, analyze data
and interpret the results. We supported the
interaction and mutual assistance of stu-
dents.

Subject of the study: immediate and
long-term academic achievements of stu-
dents in two levels of higher education who
completed e-courses.

Purpose of the study: to evaluate the
differences in the academic achievements
and knowledge retention of graduate and
undergraduate students.

Tasks: 1. compare the outcomes of
the pretest, the final test and the overall e-
course grade for students of both categories
and identify their similarities and differences;
2. assess the differences between the stu-
dents of both categories in knowledge reten-
tion; 3. evaluate effect sizes and improve-
ment indices for the measured parameters;
4. check the psychometric characteristics of
the achievement test.
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Research question: how do the educa-
tional outcomes on the e-courses in quan-
titative analysis of empirical data correlate
among graduate and undergraduate stu-
dents of psychology and education areas?
Which student category is more successful?

The research database is publicly
available in the Mendeley Data repository
[20] and is available for download. Data
analysis was performed in SPSS V23 using
the methods of descriptive statistics, Mann-
Whitney test, Wilcoxon test, binomial test,
Spearman’s rank correlation coefficient [4].
The effect sizes and improvement indices
were calculated using the WWC Version
4.1 Procedures Handbook methodology
presented on the IES What Works Clearing-
house portal [15].

Results

First, we compared the educational
outcomes of graduate (IG1, N1 = 234) and
undergraduate students (IG2, N2 = 190) on
3 parameters, i.e. according to the pretest,
final test and the overall e-course assess-
ment. The comparison results by the Mann-
Whitney test are shown in Table 1.

Table 1 shows that neither the pretest
nor the final test scores revealed differ-
ences between the students of both groups.
Graduate students showed significantly bet-
ter outcomes in the overall e-course assess-

ment (p <0.05), however, in absolute terms,
the means difference is small (M1 = 84.12
vs M2 = 82.93). The standard deviations
(SD1 vs SD2) for each of the 3 parameters
in both groups are approximately the same,
therefore, the scattering of test scores near
group means also does not differ. Note that
in 1G1, eight students did not perform the
pretest, and four other students completed
the e-course without passing the final test,
so the sample sizes of IG1 students in these
parameters are 226, 230 and 234 students,
respectively, while the sample size of 1G2
did not change and amounted to 190 stu-
dents.

To evaluate the impact of the interven-
tion, i.e. training in e-course, in both groups
on the academic outcomes, we also com-
pared the pretest and final tests indicators
with each other according to the Wilcoxon
test (Table 2).

As can be seen from Table. 2, the dif-
ferences between the final test and pretest
indicators are highly significant (p <0.001)
in both groups, and the indicators of the fi-
nal test are on average significantly higher
by 50.95 percentage points in IG1 and by
48.66 in 1G2. The standard deviation in 1G1
did not change, while in IG2 it increased only
slightly, which indicates approximately the
same scattering of test scores around group
means and a comparable uniformity of the

Table 1

Educational outcomes comparison of 2 students groups on the pretest, the final test
and the overall e-course assessment according to the Mann-Whitney test (N = 424)

1G1 1G2
Parameter gracluateGI students undergradfalte students | Mann-Whitney p — value
M1 SD1 M2 SD2 v

Pretest 33,90 10,83 34,78 9,82 20270,5 0,326
N1 =226 N2 =190

Final test 8485 | 1024 8344 | 11,18 20342 0,233
N1 =230 N2 =190

Overall 84,12 | 9,94 82,93 | 8,36 19592,5 0,036*

e-course assessment N1 =234 N2 =190

* differences are statistically significant at p < 0,05
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results at the input and output. The sample
size of IG1 was reduced to N1 = 222 (see
Table 1) due to those 12 students who did
not pass at least one of these 2 tests.
However, the most interesting for us was
to compare the knowledge retention after
1.5—4 months after the e-course comple-
tion. If students performed the pretest and
final test inside the e-course independently
without external control, then the long-term
results were tested at the Department for
Monitoring the Quality of Professional Edu-
cation (DMQPE) in person in the presence
of an employee of this department, so the
outcomes of this test can be considered
an independent assessment. Testing at
DMQPE was not carried out by all students
who completed the e-course, therefore,
when analyzing the knowledge retention
results, they dropped out, and the sample
sizes were reduced to N1 = 149 (IG1) and
N2 = 139 (IG2). Since baseline equivalence
could be broken due to dropouts, we again
compared both groups according to 3 pa-
rameters (Table 3), as well as indicators

of the pretest, the final test and the test at
DMQPE in each group separately (Table 4).

Table 3 reflects the absence of differ-
ences between students of IG1 and IG2 for
all 3 studied parameters.

Table 4 shows the same trend in both
groups: the pretest’ indicators are low, at
the output they significantly increase on av-
erage by ca 50 percentage points, and the
knowledge retention indicators are on aver-
age significantly lower by ca 30 percentage
points than the final test scores, but still sig-
nificantly higher than the pretest indicators.
For all 3 comparisons, the differences were
significant at p <0.001. Note that the knowl-
edge retention indicators are strongly scat-
tered around group means: the standard de-
viation for the test at DMQPE is almost twice
as high as for the indicators of the pretest
and final test.

Effect sizes and Improvement indices

In international studies, it is commonly
used effect size indices, improvement coef-
ficients and their p-values to evaluate the

TTable 2

Educational outcomes comparison for the pretest and the final test with each other
in each of the 2 groups of students according to the Wilcoxon test (N = 412)

Group Test Mean M Standarg I;iewatlon Wllchon p — value
1G1 Pretest 33,90 10,83 -12,918 0,000%**
graduate students (N1 = 222) Final test 84,85 10,24
1G2 Pretest 34,78 9,82 -11,952 0,000%**
undergraduate students (N2 = 190) | Fina] test 83,44 11,18
*** differences are statistically significant at p < 0,001
Table 3

Educational outcomes comparison of 2 groups students on the pretest, the final test
and the test at DMQPE according to Mann-Whitney (N = 288)

1G1 1G2
Parameter graduateG students undergradtﬁate students | Mann-Whitney p — value
M1 SD1 M2 SD2 v
Pretest 33,00 9,47 34,12 9,81 10049 0,664
Final test 85,50 9,85 83,12 11,18 9002 0,082
Test at DMQPE 57,16 18,95 55,84 17,85 9945,5 0,561
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Table 4

Comparison of immediate educational outcomes and knowledge retention in each
of 2 groups of students by Wilcoxon test (N = 288)

Group Test Mean M desvtizrt‘i%irgD Min Max | p — value
IG1 Pretest 33,00 9,47 1 56 | 0,000***
graduate students Final test 85,50 9,85 56 100
(N1 = 149) Test at DMQPE 57,16 18,95 16 97
IG2 Pretest 34,12 9,81 1 66 | 0,000
undergraduate students | Fing test 83,12 11,18 53 100
(N2 = 139) Test at DMQPE 55,84 17,85 22 97

*** differences are statistically significant at p < 0,001

intervention effectiveness. Compared to
other statistical criteria, these indices have
the following advantages. Firstly, they are
expressed in standard units, which allows
you to compare the intervention effects for
different tests. Secondly, they allow you
to calculate effect size both without taking
into account the input slice in the 2 com-
pared groups, and taking into account the
input data (“difference-in-differences adjust-
ment”), i.e., gain score effect size. Thirdly,
the methodology allows you to calculate the
effect of the intervention, taking into account
the quasi-experimental design (cluster-level
effect size), i.e., given that the sample is
composed of several subsamples — stu-
dent groups, data within which may be more
related. Finally, translating effect sizes into
coefficients or improvement indices allows
them to be clearly interpreted. We calculated
the effect sizes and improvement indices ac-
cording to the WWC Version 4.1 Procedures
Handbook methodology presented on the
IES What Works Clearinghouse portal [15].

The effect size was calculated according
to g Hedges’ formula, where IG1 (graduated
students) was considered as a conditional
“intervention group”, and iG2 (undergradu-
ate students) as a “comparison group”. The
results of calculating the effect sizes and
improvement indices for the data of the pre-
test, the final test (posttest) and the overall
e-course assessment for IG1 as compared
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to 1G2 for the whole sample are presented
in Table 5.

As Table 5 shows, the effect sizes for IG1
in comparison with EG2 were first calculated
according to the pretest (g = — 0.085), the
final test (g = 0.132) and the overall e-course
assessment (g = 0.128). They reveal that at
the baseline the graduate students had on
average slightly lower scores, than under-
graduate students, but after the e-course
completion their scores were already higher.
The effect is not significant even unadjusted
for clustering (p = 0.164 and p = 0.178 for
output indicators).

Next, the gain score effect size and
its significance level for the final test was
calculated taking into account the pretest
(g1 = 0.214, p = 0.030) without adjustment
for clustering, i.e., ignoring the fact that the
combined sample consists of several sub-
samples — student groups. Since the effect
is significant, for a better interpretation, we
calculated the improvement index (8.47%).
The improvement index is the difference
in the percentile rank between the middle
member of the “intervention group” and the
middle member of the “comparison group” in
the distribution of the “comparison group”. In
our case, the improvement index means that
the median graduate student would be 8.47
percentage points to the right of the median
undergraduate student (which, by defini-
tion, has the 50th percentile), i.e. he would
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Table 5

Effect sizes and improvement indices for the pretest, the final test and the overall e-course
assessment data for IG1 as compared to IG2 for the whole sample (N = 424)

Test
Group, - . Overall
Statistics Notes
Index Pretest Final e-course as-
test
sessment
1G1 Mean M1 33,90 84,85 84,12 IG1 is taken as an “inter-
graduate students Std. Deviation SD1 | 10,83 | 10,24 9,94 vention group”
N1 226 230 234
1G2 Mean M2 34,78 83,44 82,93 IG2 is taken as a
undergraduate students | gtq. Deviation SD2 9,81 11,18 8,36 “comparison group”
N2 190 190 190
Effect size g Hedges -0,085 | 0,132 0,128 Calculated by Hedges’
Effect size standard error | SE(g) 0,098 | 0,098 0,097 g and SE(g) formulas
not taking pretest into
account
t -statistics t 1,391 1,349 Unadjusted for clustering
p-value p 0,164 0,178
Effect size g1 0,214 The final test scores in
Effect size standard error | SE(g1) 0,129 12 EFOUPSt were COT?}?red
Improvement index 1 U3 — 50% 58,47% — 50% = ;‘re'tgit'” 0 accountthe
8.47% The gain score effect size
was calculated.
t -statistics t 2,172 Unadjusted for clustering
p-value p 0,030*
t-statistics corrected for |t 1,023 Clustering correction
clustering was calculated, since
Clustering-corrected p 0,307 the effect size without
statistical p value adjusting for clustering is
significant
Effect size g2 0,143 The overall e-course
Effect size standard error | SE(g2) 0,125 assessment mdztglr:')ups
- were compared taking
Improvement index 2 U3 — 50% 55,6_8?6;0/50% into account the pretest.
= 2PEe The gain score effect size
was calculated.
t -statistics t 1,456 Unadjusted for clustering
p-value p 0,146

have a rank of 58.47 in this group, reflecting
a higher result. Since the effect is signifi-
cant, according to the WWC methodology,
cluster-level effect size and its p-value (p =
0,307) was calculated, and it turned out to
be statistically insignificant. The effect size
for the overall e-course assessment, taking

into account the pretest, was also not reli-
able (g2 = 0.143, p = 0.146).

The Table 6 shows the effect sizes and
improvement indices for the pretest, final test
and knowledge retention data for reduced
sample, i.e. with drop-out of those students
who did not executed testing at DMQPE.
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Table 6

Effect sizes and improvement indices for the pretest, final test and knowledge retention
data in IG1 as compared to IG2 for reduced sample (N = 288)

Group Test
’ Statistics . Test at Notes
Ind
ndex Pretest Final test DMQPE
1G1 Mean M1 33,00 85,50 57,16 IG1 is taken as an
graduate students Std. Deviation SD1 9,47 9,85 18,95 “intervention group”
N1 149 149 149
1G2 Mean M2 34,12 83,12 55,84 G2 is taken as a
undergraduate Std. Deviation SD2 | 9,81 11,18 17,85 “comparison group”
students N2 139 139 139
Effect size g Hedges 0,332 The final test scores
Effect size standard | SE(g) 0,157 in 2 groups were
error compared taking into
- account the pretest.
Improvement index 1 | U3 — 50% 63,00% — 50% = 13,00% The gain score effect
size was calculated.
t -statistics t 2,796 Unadjusted for
p-value p 0,006 ** clustering
t-statistics corrected  |t, 1,444 Clustering correction
for clustering was calculated, since
Clustering-corrected | p 0,150 the effect size without
statistical p value adjusting for clustering
is significant
Effect size g2 - 0,057 The test at DMQPE
Effect size standard | SE(g2) 0,157 scores in 2 groups were
error compared taking into
- account the final test.
Improvement index 2 | U3 — 50% 47,72?2_8;0% = The gain score effect
et size was calculated.
t -statistics t - 0,483 Unadjusted for
p-value p 0,629 clustering
Effect size g3 0,132 The test at DMQPE
Effect size standard | SE(g3) 0,140 scores in 2 groups were
error compared taking into
: account the pretest.
Improvement index 3 | U3 — 50% 532,2_5?2;/ The gain score effect
© = 997 | size was calculated.
t -statistics t 1,118 Unadjusted for
p-value p 0,264 clustering

As Table 6 shows, graduate students
show significantly better outcomes com-
pared with undergraduate students in the
final test taking into account the pretest
(g1 = 0.332, p = 0.006). The improvement
index is 13%. It means that the rank of the
average graduate student would correspond
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to the 63rd percentile in the undergraduate
students group, or, equivalently, the me-
dian student of masters’ level would have
a rank of 13 percentage points higher than
the median student of undergraduate level,
which, by definition, corresponds to the 50th
percentile. However, clustering adjustment
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gives p = 0.150, and the effect becomes
unreliable. The effect size for master’s
level group compared to the undergraduate
level group is not significant for the test at
DMQPE taking into account the final test
scores (g2 = -0.057, p = 0.629), as well as
the pretest (g3 = 0.132, p = 0.264). Thus,
the knowledge retention in both categories
of students does not differ.

The psychometric characteristics of
the achievement test developed by us
were evaluated using database of the test at
DMQPE and calculated using the software
of the HT-Line laboratory. The test consists
of 32 items with 4 optional answers, one of
which is correct. According to the binomial
criterion for a series of 32 trials with a prob-
ability of success of P = 0.25, if a student
scored 40.6 or more percentage points, then
with a probability of 95% we can assume
that this is not a random choice of answers,
but if 46.8 or more, then the probability in-
creases to 99%.

Discrimination coefficients of 31 test
items exceed 3, which is favorable. The
empirically calculated difficulty of the test
items gives 3% of easy, 60% of medium
and 37% of difficult ones. To check the con-
struct validity, the Spearman rank correla-
tion coefficient was used. Knowledge reten-
tion outcomes significantly correlate with
the test scores on the subject “Research
and Forecasting in Education” (p = 0.273,
p <0.01) and the overall e-course assess-
ment (p = 0.507, p <0.01) in masters’ level
students, and with English test scores
(p = 0.283, p <0.01) and also with overall
e-course assessment (p = 0.346, p <0.01)
in undergraduate students. In all cases, a
weak or medium direct relationship was
obtained: the best indicators for one test
were associated with the best indicators for
others. This is probably due to the fact that
successful students tend to show high aca-
demic achievements in various subjects,
regardless of their specificity.

Discussion

The findings of comparing the academic
achievements of graduate and undergradu-
ate students are of interest for several rea-
sons.

Firstly, these are representatives of 2 dif-
ferent generations. It is believed that the
“millennium generation” is better adapted to
learning in a digital environment, and one
would expect that 3rd year undergraduate
students would show higher educational
outcomes, but the experiment did not reveal
differences: effect size in all cases was in-
significant. Adults and more mature people
engaged in professional activities and hav-
ing family responsibilities, after completing
the e-course, show the same high academic
achievments as student youth. Perhaps this
is due to their more conscious attitude to
training and higher motivation to develop
competencies in the chosen profile. It is also
possible that they are helped by self-orga-
nization and learning skills acquired earlier
at undergraduate level. A certain role could
also be played by a sense of responsibility or
anxiety of some students of a more mature
age. In addition, the professional activity and
everyday life of most people is directly related
to the Internet, so the difficulties of mastering
digital competencies in mature people can be
exaggerated, and this is just a stereotype.

Secondly, we observed the same ten-
dency among students of both categories:
pretest scores are low, posttest scores sig-
nificantly and strongly increase, and then
after 1.5—4 months they significantly de-
crease, while remaining significantly higher
than the input indicators. At the same time,
the knowledge retention scores are very
scattered in comparison with the direct
ones: the standard deviation almost dou-
bles. How can this be interpreted? There
can be several reasons, and one of them is
the use of dishonest strategies when test-
ing and completing case studies. In article
[5] we already stressed that more than 70%
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of graduate students and more than 85% of
undergraduate students believe that there
will inevitably be students using dishonest
strategies in testing, although this does not
mean that they use such strategies them-
selves. Note that the final test was part of
the e-course and, in principle, allowed for
the use of dishonest strategies, while long-
term outcomes were tested in person with
external control, so the assessment can be
considered independent, and the results can
be taken sufficiently objective and reliable.
Another reason for decreased long-term
results compared with the direct ones could
be the lack of regularity in the study of the
e-course and the habit of storming by some
students, as well as their lack of motivation.
Another most important reason is the insuf-
ficient development of competencies and
practical skills in solving cases in SPSS:
because of this, information only briefly re-
mains in the memory, but the competencies
necessary for independent research and
scientific and practical activities do not de-
velop. In addition, the skills of quantitative
data analysis should be supported, first of
all, in the processing of their own empirical
research data. All this determines the direc-
tion of the instructor's further activities in
motivating students, improving e-courses
structure using interactive components and
individualizing learning methods.

Conclusions

No differences were found between
graduate and undergraduate students in
the pretest, final test and overall e-course
grade indicators. At the baseline the gradu-
ate students had on average slightly lower
scores, than undergraduate students, but
after the e-course completion their scores
were already higher. The effect size is not
significant even unadjusted for clustering

The same tendency was revealed in
students of both groups: pretest scores are
low, posttest scores significantly and strongly
increase, and then after 1.5—4 months they
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significantly decrease, while remaining sig-
nificantly higher than the input indicators. The
knowledge retention scores are very scat-
tered in comparison with the direct ones, the
standard deviation is almost doubled.

The gain score effect size and the im-
provement index are significant for the final
test only without adjusting for clustering, i.e.
ignoring the fact that the sample consists of
several student groups. A median graduate
student would have a higher score than a
median undergraduate student. Cluster-
level effect size is not statistically significant.
Cluster-level effect size for overall e-course
grade indicators with difference-in-differenc-
es adjustment is also not reliable.

After dropping out students who did not
participate at knowledge retention testing,
reliable effect size and an improvement in-
dex for the final test were obtained taking
into account the pretest only without correc-
tion for clustering. Graduate students show
significantly better outcomes compared to
the undergraduate ones. However, cluster-
level effect size becomes unreliable. The
effect size according to knowledge retention
indicators, taking into account both the final
test and the pretest, is also not significant.
Thus, the long-term results of both catego-
ries of students do not differ.

The psychometric characteristics of the
achievement test in the field of empirical
data quantitative analysis can be consid-
ered satisfactory. In both groups, a weak
and medium direct relationship was found
between the achievment test scores, the
overall e-course assessment and two tests
in non-mathematical subjects: the best indi-
cators for one test are associated with the
best indicators for the other tests.

Further studies suggest the improvement
of e-courses in terms of motivating students,
using active and interactive components, as
well as individualizing teaching methods. It
would be very interesting to compare the
various aspects of blended and online high-
er education.
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