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SUMMARY: The importance and relevance of e-learning courses in medicine and health sciences has increased significantly in
the last decade. Despite this, there are few published teaching experiences of e-learning histology courses in theolilgvatleae w
The histology course we designed was structured on the Moodle platform as a learning management system, and the content was
proposed in a synchronous (zoom) and asynchronous (recordings) format. We also included the use of free virtual micsogdupy tool
study aimed to investigate the impact of an e-learning histology course on the satisfaction and performance of medicahdnursing
midwifery students. The sample included 424 Chilean medical, nursing, and midwifery students from two cohorts. A Likevetype su
was administered at the end of the course. We performed exploratory analysis and ordinary least squares regressiaty, hvethis stu
present a positive experience of an e- learning histology course. Exploratory factor analysis revealed three main fttiorSeelat
learning satisfaction", "in-person class activities", and "course design and teaching quality". We also found that tipegtivasaad
significant relationship between students' perceptions of the adaptation of the traditional (face-to-face) histologyocauesésiatning
format and their academic performance. Our study shows that e-learning histology courses that integrate lectures aselpiactical
can be a valuable teaching method for learning histology. Curriculum developers and teachers need to consider the hahitations a
advantages of this type of teaching and incorporate these three factors into the design and assessment of e-learnowuhswlogy
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INTRODUCTION

The importance and relevance of e-learning coursbs an e-learning course, the entire subject matter or
in the field of medicine and health sciences has increaseducational program is delivered through the virtual
significantly in the last decade. The majority ofttlassroom. This includes the study of disciplinary content,
experiences documented in the literature are positigehedules and deadlines for assignments, assessment tools,
(Barbeawet al, 2013; Lavendeet al, 2013; Antonoffet and all types of interaction that take place in the virtual
al., 2014; Arbouret al, 2015; Jayakumaet al, 2015; environment (Zhaet al, 2015). Two types of activities
Srinivasan, 2020; Wilhelrat al, 2022) however, there is facilitate this interaction: synchronous and asynchronous.

a lack of published teaching experiences related to 8ynchronous activities involve interactions between
learning histology courses in the global literature (Barbeatiudents and teachers using the platform in real time
et al, 2013; Dariciet al, 2021). (Srinivasan, 2020). Live lessons, video calls, chats,
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assignmentsassessments, and various other types @fhich involves crucial practical components (laboratories,
interactions can take place, with the main benefit being timorkshops, etc.). Human histology involves the study of
provision of immediate feedback from the teacher. Studerigganizational levels that lie between the atomic-molecular
can also collaborate by working together in group activitiegevel (biochemistry) and the gross morphological level
Asynchronous activities involve the delivery of content ifanatomy) in the human body (Campos-Sanehak, 2014).
the form of lessons, activities, or assessments that students
can complete independently, with delayed or predefined dates  In Chile, medical, nursing, and midwifery programs
and times set by the instructor. Some of the described benefitslude histology as part of their undergraduate or preclinical
of e-learning courses are that it allows students to studyrricula. The histology course we designed was structured
subjects despite geographical challenges such as lamgthe Moodle platform according to the recommendations
distances (Bell & Federman, 2013). In addition, it providesf different authors (Cheet al, 2005; Godoy-Guzmaet
easy and user-friendly access to study materials through 2019; Evanst al, 2020; Pathest al, 2020) with content
platforms such as Moodle and Canvas (Godoy-Guzshanproposed in a synchronous (zoom) and asynchronous
al., 2019). It also allows students to manage their owecordings) format. In addition, the course relied on free
learning pace, which makes studying more compatible withirtual microscopy (VM) tools. Web-based VM platforms
their family life (McVeigh, 2009). often allow students to review slides at their own pace using
web browsers without local software (Krippendorf & Lough,
Bell & Federman (2013) assert that the effectivene&905). Several studies have shown that virtual microscopy
of an e-learning course depends on three critical elemernits.a useful and effective tool for teaching histology
First, stable implementation and development conditior{Bloodgood 2012; Tiaet al, 2014; Kuo & Leo, 2019; Lee
must be maintained throughout the course duratioat al, 2020; Caruso, 2021; Dariet al., 2021).
Secondly, the features of the course, such as depth and
interactivity, must be appropriately configured or managed In this context, the COVID-19 pandemic provided
to facilitate the acquisition of different types of knowledgen opportunity to assess student satisfaction and performance
by learners. Third, the challenges faced by instructors iim an e-learning histology course. The data collected from
implementing and developing this methodology must beur study may prove valuable in improving the design and
overcome. Examples of these challenges include conceavaluation of e-learning histology courses. The study aimed
about academic integrity and student cheating during theinvestigate the impact of an e-learning histology course
activity, as well as concerns about the difficulties faced byn the satisfaction of medical, nursing and midwifery
low-income students. students. In addition, we sought to identify the relationship
between student satisfaction and performance in relation to
The COVID-19 pandemic forced various countrieg-learning histology courses.
to take measures to prevent its spread and thus avoid the
collapse of health systems (&fi al, 2020). This pandemic METHODS
meant keeping distance between people and wearing masks
and eye protection, which had a profound impact on the We adapted and validated a questionnaire to measure
development of different activities (social and economicktudents' perceptions of an e-learning histology course to
including higher education (Clatial, 2020; Liet al, 2020; answer the following research questions (RQs) addressed
Sipido et al,, 2020). In this context, higher educationin this paper:
institutions (HEIs) had to adapt to maintain the continuity
of the teaching/learning process by resorting to various viRQ1: How did students perceive the delivery of a traditional
tual communication platforms (Evaes al, 2020). HEIls (face-to-face) histology course in an e-learning format?
were forced to abruptly adapt their courses and deliver thé®@2: What is the relationship between students' perceptions
entirely in an online format in order to respond to the signs  of the implementation of an e-learning histology
of social distancing, lockdowns and quarantines. In this  course and their academic performance?
sense, the subjects of the preclinical cycle that have an
important practical component (histology, anatomy, ceHistology Course Design and Curriculum Development:
biology, physiology, etc.) were challenged to adapt their fac€e investigate the perceptions of medical, nursing and
to-face activities (laboratories, workshops, etc.) (Evetns midwifery students regarding the adaptation of the histology
al., 2020). Amidst the COVID-19 pandemic, HEIs faced theourse, this study was conducted in the first semester of their
challenge of adapting their courses entirely to an onlimograms in a prestigious public university in Chile. The
format to ensure the continuity of the teaching/learninkistology course lasted 17 weeks or 78 hours of instruction
process, particularly in disciplines like human histology(lectures and laboratories) within these 17 weeks, 7 of these
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weeks corresponding to laboratory activities. Curriculum Traditionally, this histology course consists of
construction was under the purview of the Histology Untheoretical knowledge taught in a lecture- based classroom
Coordinator (last author of this article), the Medicindollowed by practical sessions in the histology laboratory.
Curriculum Committee of the university, and also coThis course is offered twice a year. The curricula for the
instructors of each section. We implemented thraeaditional histology course and the e-learning histology
strategies to cover the content of the traditional (face-teersion of the course are shown in Table I.

face) course (Fig. 1).

Since laboratories were not available during the
pandemic, we used virtual microscopy as a complementary
tool to support the practical sessions. Virtual microscopy has

2 been widely used in histology education over the past decades
(MacMillan, 2017; Campbelét al, 2010) and has been
suggested as an effective resource for teaching and assessing
_/ histology (Amer & Nemengani, 2020). Specifically, we used
Jﬂg\ virtual labs freely available on the Internet (e.g., http://
zoomify.lumc.edu/ and https://histologyguide.com/) where
students were asked to analyze and interpret micrographs to
relate structure to function (Figs. 2 C-D). These activities were
designed to have students analyze different histological
B specimens corresponding to basic tissues or body systems. In
— . general, we expected students to be able to identify the gene-
—s ral tissue organization of the organ or tissue, cell types, and
extracellular matrix elements from a microscopic perspective
in order to relate form to function.

< | W W

[
\’%‘ > P The course assessment included two multiple-choice
Sl  — /S o S exams and a portfolio. Therefore, an overall score was

——— I calculated that included an average of the two multiple-

choice exams and the portfolio, which represented the
student's academic performance. The exam consisted of 60
guestions, 40 of which contained images of structures studied
Fig. 1. Proposed model of histology course, showing the thrég the virtual microscopy activities. The duration of each
strategies implemented in this study. The top panel shows tBgam was 180 minutes. The revision of a portfolio was done
components of thg t.h.eoret.ical elements in the course which i,n(,:lﬂ?llepairs. The portfolio consisted of a compilation of the
synchronous activities via Zoom and asynchronous aCt'V't'%andouts given during the semester (Fig. 2D). In our course,

ded i . The th tical t of th - . .
(recorded sessions). The theoretical component of the Courseﬁfé portfolios were a didactic tool that allowed students to

assessed by administering multiple-choice questions. The bott - ;
panel shows the virtual microscopy activities monitored by $€velop a highly structured and organized framework for

teaching assistants. This component of the course was asseéQ&j Iearning mate.rials proyideq in 9'?35, training in
through portfolios. histological preparation analysis skills, driving questions and

activities related to histological tissue identification (King
et al, 2019). The portfolios were designed to facilitate
First, students participated in synchronous sessiogigidents' understanding of the microscopic structures of the

by atending the lecture in real time (Zoom meetingshuman body.
Second, we included asynchronous activities in which
students watched videotaped lectures and videos relatedPtrticipants: This study was conducted in 2020 during
the topic under study in each session (using the Moodi®o consecutive semesters. Two complete cohorts of
platform). Third, due to the COVID-19 context, wemedical, nursing, and midwifery students enrolled in a
implemented virtual microscopy activities in which 7histology course consented to participate in this study. To
teaching assistants worked with different groups of studergaroll in the histology course, all students had to complete
to monitor them and answer their questions. Figure 2A showeerequisite courses such as cell and molecular biology or
the learning management system (Moodle) used to teach théasic biology course. Although the students in each
course and Figure 2B the handout with laboratory activitieemester were from different programs, they had similar
that students completed during each lesson. backgrounds in terms of number of courses taken, same
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Fig. 2. Image A shows the general characteristics of the e-learning histology course mounted on the Moodle platform. Image
B shows the guide that presents the virtual microscopy activities through different links. Image C shows a page from the
virtual microscope "Histology guide". This web page shows different contents that deal with general histology and histology
of body systems and apparatus. Image D shows an example of virtual microscopy activities developed by medical students
in the portfolio. The images from "Histology guide" were reproduced with permission of their authors.

instructors, equivalent curricula, etc. The first cohort ofvere adapted from other studies related to the quality of
students (first semester: March-July 2020) included a totahline learning experiences (Gémez-Ratyal, 2016). In
of 272 second-year students from the same department atiger words, this section, also referred to as the Student
faculty as the medical, nursing, and midwifery students wheerception Online Histology Course (SPOHC) (Appendix
participated in a survey called the Student Perception Onlifi explored students' perceptions of the online course. The
Histology Course (SPOHC). This sample was used wurvey questions were designed on a 5-point Likert scale
conduct exploratory factor analysis and validate the survepnging from "1 = strongly disagree" to "5 = strongly agree."
The second cohort of students (second semester: August-
December 2020) included 152 second year students andwas The draft SPOHC included 40 items constructed
used to administer the SPOHC. The study was approvedltigsed on the categories of the online learning quality index
the university's ethics committee. All study participants weggroposed by Gomez-Regt al (2016), such as learning
asked for informed consent prior to data collection and wesepport, social presence, instruction, learning platform, ins-
informed that the survey was anonymous and voluntary. tructor interaction, learning content, course design, learner
satisfaction, knowledge acquisition, and transferability. To
The survey was written in Spanish and consisted ehsure the content validity of the survey, the draft SPOHC
two main sections. The first section of the survey asked fatas sent to five experts. The experts included two medical
demographic information and included questions abotechnologists, one surgeon, and two Ph.D. biomedical
students' habits during COVID-19. This section was used$cientists with experience teaching histology. The experts
collect variables that were included in the ordinary leastere informed of the purpose of the study, which was to
square regression (Table ). The second section of the sunexamine student perceptions of the implementation of a
explored students' perceptions of the implementation ofhistology course during the COVID-19 emergency transition
histology course in an online course in response to COVIiB distance education. The experts were then asked to review
19. This section was developed through a review of the onlittee items included in the survey for relevance to the
learning literature. Some of the items included in the survepjectives, understandability, and coherence among the
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Table II. Variables included in the lineal regression model.

Variables Code Range Description

Outcome variable Academic - 0-70 Student academic achievemeatbrs. High scores repersed a
Academic performance higher level of academic perfoance.

Perfornance

Independent variables Perception-  0-190 A variable deriveffom students’ responses to the SPOHC survey
Perception of the course in course related to their @rception of the e-learning histology course into
online format an online format. Participants indicated their agrestwith each

item on a five-pointscale (1 = strongly disagree; 5 = totalige)g
An example of item is “38. My knowledge about the eomd
covered in the subgt hcreased at thend of the course.”

Hours of study per week Hours 0-20 Total number of hours per weegatliedito the study of the
course.

COVID-19 COVID-19 01 0 = Student considers that COVID-19 did not affect their academic
performance
1 = Student considers that COVID-19 affected tregimdemic
performance

items. They were asked to rate items as 0 if they thought tued to investigate the internal structure of item responses.
item was not essential and 1 if they thought the item wé&sictor analysis is also useful for "[reducing] the total number
essential. Based on the experts' suggestions, two items fromobserved variables into latent factors based on
the SPOHC were removed from the draft and necessarymmonalities within the data" (Atkinsetnal, 2010). EFA
changes were made to clarify the remaining items. We use&ith maximum likelihood factoring and direct oblimin
Gwet (2001) Agreement Coefficient 1 (AC1) as an estimatetation was used because of the expected factor correlation.
of reliability (Zhaoet al, 2015), which ranges from -1 to 1. Maximum likelihood is generally recommended as an
This coefficient is often used to interpret agreement amomegtraction method (Fabrigat al, 1999). The psych packa-
experts. The benchmark scale includes less than 0.40 as pgerin R was used for the EFA. The EFA analyses were
between 0.40 and 0.75 as fair to good, and more than Of&formed following the suggestions of Preacher &
as excellent. Values of AGI0 are classified as no agreemenMacCallum (2003). Prior to the EFA, the Kaiser-Meyer-
(Wongpakararet al, 2013). Gwet's AC1 was calculatedOlkin (KMO) test and Bartlett's sphericity test were
independently for each expert, and then an average wasformed to assess factorability. To determine the number
calculated to obtain a single index of inter- rater reliabilityof factors, an eigenvalue rule greater than 0.3, a commonly
The resulting index suggested a Gwet's AC1 index of 0.904sed cutoff (Johnson & Stevens, 2001), and parallel analysis
In other words, there was agreement among the subjacd the scree plot test (looking for a change in the slope of
matter experts that the items in the questionnaire wettee line connecting the eigenvalues of the factors) were
essential for measuring each of the dimensions of tleaplored. Several model fit indices and their criteria were
SPOHC. Thus, the final version of the SPOHC containadsed to examine the goodness of fit of the model to the given
38 items and was administered to the second cohort ddta set: Tucker-Lewis Index of Factor Reliability (TLI)
students (n=152) via an online system. Before administeriBentler, 1990), Comparative Index (CFl), Root Mean
the SPOHC, we explained the aims of the study and obtaingédquare of Residuals (RMSR) and Root Mean Square Error
informed consent. The questionnaires were anonymous, asfdApproximation (RMSEA) (Hoopeet al, 2008). The

we assured students that their information would remaieliability of the factors was examined using Cronbach's
confidential and that the results would be aggregated. alpha.

Measures. A number of variables were selected to examine Ordinary Least Square (OLS) regression was used
their relationship with student academic achievement (Talile examine the relationship between students' perceptions
II). The predictors were grand mean centered for ease affthe adaptation of a histology course in an online format
interpretation and to avoid multicollinearity, as suggesteahd their academic performance. Data from both samples
by Raudenbush & Bryk (2002). of students were combined (N = 424) because they
represented the same target population. These students had
Analysis. For the SPOHC survey, we conducted acompleted similar prerequisite courses, they studied at the
exploratory factor analysis (EFA) with the initial sample osame university, in the same department, the curriculum was
students (N=272). Factor analysis is a common method usegliivalent, they were taught by the same instructors, and
to assess evidence of construct validity (Besi@t, 2016) the data were collected in the same way for both samples.

1166



GONZALEZ-DONOSO, A.; JARA-ROSALES, S.; ROSEMBLATT, M.; OSSES, M.; PADILLA-MEZA, J. & GODOY-GUZMAN, C. Impact of an e-learning histology course on the
satisfaction and performance of medical, nursing and midwifery studients. Morphol., 42(4)1161-1174, 2024.

The multiple linear regression model to represent theere tested. The results of the assumptions showed that i)
relationship between the students' perception of tlike Durbin-Watson test (value = 1.37) to test for residual
adaptation of the histology course and their academic peorrelations showed values close to the range between 1.5
formance can be written as equation 1: and 2.5; therefore, we assumed the independence of the

errors; ii) the residuals were slightly negatively skewed;
Yi=B0+B1X1+pB2X2...BnXn+¢;n=1,2,3,... (1) iii) overall, the analysis of the Q-Q plot showed the
normality of the residuals, but some data points barely

Where Y is the dependent variable (studentsbuched the line; however, with a large sample size, this
academic performanceX1, X2, andXn are explanatory assumption can be relaxed and may not affect the inferential
variables or independent variables used as predictors (epggcedures because of the central limit theorem, which
hours of study per week), n corresponds to the numberaxsumes that the sampling distribution of the sample means
predictors, b0 is the y-intercept (when x-axis = 0), bn is thends to be normally distributed (Petial, 2018). In terms
partial regression coefficient that shows the change in tbéhomogeneity of variance, the analysis of the standardized
mean of Y when X increases by 1 unit, holding everythingesiduals against the fitted values showed that they were
constan (Abdi, 2003), anc is the random error. For model equally distributed. The Breusch-Pagan test was not
selection, we used sequential regression (hierarchical significant, suggesting that the data are homoscedastic (the
blockwise) in which predictors are included based on theowariance of the residuals is constant). It is worth mentioning
logic, or practicality based on their impact on the dependetitat no influential observations were identified based on
variable. In the first model (Model 0), only student perceptio@ook'’s distance criterion (0.5) (Zhang, 2016). In addition,
of the course (Perception_course) was included as a predictar. collinearity problems were identified among the
Then, lours of study per week (Hours) and studentgredictors, as the Variance Inflation Index (VIF) statistic
perception of the impact of COVID- 19 on their academiwas close to 1, and values greater than 2.5 usually indicate
performance were each included in the model. a collinearity problem (Allison, 1999).

Adjusted R2 was used as the comparison criteridRESULTS
to compare the generated models for linear regression
(Faraway, 2014). In addition, analysis of variance For the SPOHC, Bartlett's test indicated adequate
(ANOVA) was performed to test whether a more complegorrelation,x2 (703) = 5272.999, p < .001, and the KMO
nested model was significantly better at fitting the data thaest indicated adequate sampling, MSA = 0.9. Bivariate
a simpler model. After performing regression diagnosticsprrelations among all questionnaire items did not exceed
assumptions of linear regression such as i) independen@e, and the histogram of standardized residuals and the
of errors (Durbin-Watson test), ii) normality (distributionscatterplot of standardized fitted values predicting
of residuals) by checking histograms and QQ plots, iigtandardized residuals indicated that multivariate
linearity by analyzing scatterplots of standardized residuassumptions of linearity, normality, and homoscedasticity
against fitted values, and iv) heteroscedasticity by theere met. Different models were compared and examined
studentized Breusch-Pagan test (Breusch & Pagan, 19¥@&)goodness of fit based on the number of factors suggested
by parallel analysis (4 factors),

Table 1ll. Item factor loadings for each factor solution for the SPOHC. scree plot examination (3
Item Factor 1 Factor 2 Factor 3 Item Factor 1  Factor 2 Factor qactors), and eigenvalues
ﬁi 8-;2 88‘2‘ '8- é? ﬁg '8- gé '8- 8(13 8-22 greater than 1.0 (1 factor) and
A3 059 012 025 A33 -0.01 001 068 0.7(2 fa?torszj'AS(;faCtorgfdel g
A38 055  -0.08 0.10 A24 0.08 0.08 0.65 was preferred and tested base
A1l 051 0.01 026 A9 0.02 0.05 063 on theory. After testing all 38
Al13 051 -0.06 021 A26 0.04 -0.06 061 questions, six items were
Al6 0.49 0.20 -0.01 A27 0.06 0.11 061 eliminated from further
gg 8-212 -8- % 8-13 ﬁég 81:53 'g-o 1; g-gg analysis for two main reasons;
AL7 040 008 029 A7 0.14 0.07 057 ) bft‘?alusfe ”:ey were SE'“ across
A 030  -0.20 017 A36 0.04 0.03 057 multiple factors or ii) because
A30 -0.07 0.90 0.00 Al5 -0.03 0.04 055 their factor loadings were less
A28 -0.03 087 0.00 A20 -0.07 -0.07 051 than 0.3. Therefore, another 3-
A37 0.02 0.87 0.05 A25 0.14 0.10 049 factor model was tested. The
Al9 0.13 0.76 -0.06 A32 011 -0.10 048 factor |0ad|ngs are Shown |n
A34 -0.04 063 0.02 A18 024 -0.28 0.40 Table IIl.
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This simple structure model, in which each item Figure 3 displays the means for each item included
loaded on one and only one factor, showed the followirig the SPOHC, while Appendix 2 provides the descriptive
indices of goodness of fit; RMSEA indicated an acceptab#tatistics for each of them.
fitat 0.064, 90 % CI [.055, .067], RMSR with good fit (0.05),
with CFl value close to 0.9, indicating a relatively acceptable To explore the relationship between students’
fit (0.893), and poor TLI (0.868). Factor 1 included 11 itemperception for the implementation of a histology course in
that measured "E-learning satisfaction". Examples of itenasline format during the COVID-19 pandemic and their
in this factor included "4. The content coverage addressadademic performance, we conducted several OLS
in the course is similar to in in-person classes (for examplegressions with different predictors. We used sequential
general histology or biological bases, biochemical anggression in which different predictors were included in
physical bases of the human body)”, “23. The online coursiee models to explore the fit to the data. The simplest model
helped me develop medical histology skills (e. g., diagnodisat best fit the data and that explained the greater percentage
of cell types and tissues, analysis of histologicadf the variance was found to be:
preparations)”. Factor 2 included five items that appeared
to assess “In-person classroom activities". Examples of theseademic_performance = 61.05 + 0.06 (Perception_ course)
items are "19. The face-to-face activities with a conventional0.32(Hours) — 1.46 (COVID-19) &
light microscope would probably have had a greater impact
on my learning compared to the virtual microscopy From the equation indicated above, the predictors
implemented in the course”, and "37. The in-class laboratdPerception_course, hours, and COVID-19, were significant
activities would have had a greater impact on mpredictors of students’ performance. By including these
understanding of the course content. Factor 3 included fiedictors (see Model 1 in Table V), the model explained
items that measured “Course design and teaching qualit2.4 % of the variance in the data compared to Model 0,
For example, item 8 asked “8. Virtual resources such agich included only one predictor (Perception_course) and
recorded classes and videoconferences (Zoom) were efficiantounted for 6.8 % of the variance. In this sense, Model 1
in reinforcing the theoretical content addressed in eaetcounted for 5.6 % more variance than Model 0. The results
class.”, whereas item 36 asked “36. The assessmaifitthe regression indicated that for every unit increase in
instruments were consistent with the activities carried ostudent perception of the course (Perception_course), student
in online format.” The reliability of each factor was goodacademic performance is expected to increase by 0.06 units,
for factor 1 (Cronbach’s alpha = 0.86, M = 3.7; SD = 0.6holding all else constant. It was also found that the predictor
good for factor 2 (Cronbach’s alpha = 0.9, M = 3.9; SD related to the number of hours per week spent studying the
1.1); and good for factor 3 (Cronbach’s alpha = 0.9, M sourse was significantly positively correlated with academic
4.1; SD = 0.57). The extraction of three factors account@eérformance. Interestingly, students who believed that
for 45 % of the variance (Factor 1A = 13 %; Factor 2A= 1€0VID-19 affected their academic performance were
%; Factor 3A = 20 %). Table IV summarizes the results f@axpected to decrease their academic performance score by

model fit for the exploratory factor analysis. 1.46 units compared to those students who believed that
Table IV. Summary of values for model fit for the SPOHC.
Item deleted CFlI RMSEA (90%Cl) TLI RMSR Reliability of factors
(Crontach’s alpha; M; SD)
5,10, 12, 21, 29,30.893 0.064 0.868 0.05 F1A= 0.86; 3.7; 0.6
[0.055, 0.067] F2A= 09;39; 11

F3A=09;4.1; 0.57

Table V. Models for student academic achievement Score.

Model 0 Model 1

Predictor Estimate s.e. p Estimate s.e. p
Intercept 30 58.83** 0.273 .000 61.05%* 0.667 .000
perceptioncourse 0.08** 0014 .000 0.06*** 0014 .000
hours 0.32%** 0.063 .000
COVID-19 -1.46* 0.740 047
Multiple R-squared 071 131

Adjusted R-squared .068 124

Note: s. e. = Standard error. *** denotes significance level at .001, ** at .01, * at .05. The model with only one preatieiod)
and the model that best describes the data is included in the table (model 1).
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Statements for Factor 1: E-learning Satisfaction

22. The online course format motivated me to delve into the content addressed in the
course.
4. The content coverage addressed in the course is similar to in-person classes (for example,
general histology or biological bases, biochemical and physical bases of the human body).

16. | contributed to developing a learning environment by answering to my classmates'
questions.

23. The online course helped me develop medical histology skills (e, g,, diagnosis of cell
types and tissues, analysis of histological preparations).

1. As a result of this course, | am able to apply what | learn to different contexts, such as
personal or professional life.

17. The content coverage was relevant for the fulfillment of the objectives of the course.

11. The course material was presented in such a way that what | learned; it could be useful
for later courses.

3. The course was a learning experience.

13. The knowledge acquired in this course could be applied in future subjects related to the
area of histology (embryology, pathology anatomy, among others).

2. | feel sure of the conceptual mastery of the contents that | learned in the course.

38. My knowledge about the contents covered in the subject increased at the end of the

course.

o
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Statements for Factor 2: In-person Class Activities

34. In an in-person course, my contribution to the class would have been greater.
37. The in-class laboratory activities would have had a greater impact on my understanding
of the course content.

19. Face-to-face activities with a conventional light microscope would probably have had a
greater impact on my learning compared to the virtual microscopy implemented in the...
30. A course designed in an in-person format would have had a greater impact on my
learning.
28. Carrying out this course in an in-person format would have fostered much more my
interest in learning the content of the subject.
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Statements for Factor 3: Course Design and Teaching Quality

33. The teachers responded to my concerns in time.

7. The teachers motivated me to actively participate in the course.

24. The teachers showed concern for my learning needs as a student.

18. The implementation of the online teaching methodology of this course would be useful...
20. The resources available in the course (forums, links, recorded classes, among others)...
36. The assessment instruments were consistent with the activities carried out in online...
35. The objectives of the course were consistent with the online format of the activities.

9. The teachers clarified my learning when | requested them.

32. The most relevant contents of the course were easy to locate and identify on the online..
14. The adaptation of the course to an online format included teaching strategies...

27. The feedback (weekly) of the theoretical and practical contents with the teacher was..
26. The online platform used (Moodle, Zoom) was appropriate to present the course.

6. The Moodle platform was friendly and easy to use.

8. Virtual resources such as recorded classes and videoconferences (Zoom) were efficient..

15. I had adequate access to each of the content and tools included in the course.

25. The teachers’ conceptual mastery of the course content was adequate.

C

Fig. 3. Results of Likert scale questions “Student Perception Online Histology Course”. A) Factor 1:“e-learning satidaction”.
Factor 2:“In-person class activities”. C) Factor 3: “Course design and teaching quality”.
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COVID- 19did not affect their performance. Although theenvironments in general (Virtanehal, 2016). In this sense,
regression coefficient of the COVID-19 predictor does natudents indicate a positive perception of initiators such as
reflect a large difference among students' achieveméft As a result of this course, | am able to apply what | learn
scores, the result of the regression model showed that ttugdifferent contexts, such as my personal or professional
predictor was negative and significantly correlated witlife.” and “2. | feel sure of the conceptual mastery of the
students' achievement scores. Table V shows the resultsarfitents that | learned in the course.” In addition, there is a
the regression models. positive perception of indicator “23. The online course helped
me develop medical histology skills (e. g., diagnosis of cell
Overall, these results demonstrate that our scalges and tissues, analysis of histological preparations).” The
could predict students’ perception of i) e-learningbove indicators are consistent with the literature on the
satisfaction, ii) in-person class activities and iii) courseffectiveness of e-learning courses (Barbetal, 2013;
design and teaching quality for the adaptation of a histolo@yinivasan, 2020; Dariet al,, 2021; Wilhelmet al, 2022).
course in an online format as a response to the COVID-D@rici et al (2021) found that implementing a curricular
pandemic; and therefore, provide validity evidence for tHastology course in an online format during the pandemic

scale. period was feasible and effective, using virtual microscopy,
for example. Barbeagt al, (2013) investigated the effects
DISCUSSION of an online-only digital histology course in a virtual

classroom with synchronous and asynchronous lectures. No

The literature on medical and health sciences subjedtignificant differences were found between student perfor-
generally reports positive experiences with e-learningiance and course evaluations in the online class compared
courses (Barbeat al, 2013; Lavendeat al, 2013; Antonoff  to face-to-face classes and blended classes, where face-to-
et al, 2014; Arbouret al, 2015; Wilhelmet al, 2022). face and online instruction occurred simultaneously. These
However, there is a lack of published teaching experiencessults suggest that an online histology laboratory course is
of e-learning histology courses in the global literaturan effective format. Wilhelnet al. (2022), studied the
(Barbeauet al, 2013; Dariciet al, 2021). Furthermore, perceptions, satisfaction, and performance of undergraduate
although many universities around the world have been usiagatomy students during the COVID-19 pandemic. The
e-learning formats in histology for many years, theesults of the study showed several benefits noted by the
conceptualization and implementation of online-only coursesudents, such as flexibility in taking exams and learning
in the curriculum has not been systematically evaluatede material at their own pace. The synchronous activities
(Dariciet al, 2021). In this study, we present and evaluateia this study were conducted using Zoom. Some studies in
positive experience of adapting a traditional (face-to-fac#f)e field of anatomy have indicated that it is a useful and
histology course to an e-learning format. The course useffective tool (Srinivasan, 2020).
Zoom as a streaming platform to deliver the course online
and Moodle as a virtual environment to download the course In relation to the second factor identified, "in-person
material for each class. The course was also supporteddbgss activities", there is no clarity in the literature on the
free virtual microscopy tools that have been found to lEfuivalence in terms of teaching and learning between the
useful for online learning in histology (Bloodgood, 2012face-to-face format and the virtual format (Frehyetal,
Tianetal, 2014; Kuo & Leo, 2019; Lest al, 2020; Caruso, 2013). The students of medicine, nursing and obstetrics
2021). Assessment of the course included two multipleonsidered that a course in face-to-face format would have
choice exams and a portfolio. To investigate studentsad a greater impact on their learning (indicator 30). In
perceptions of the course, our study sought to providaldition, they would have had greater interest in
evidence of the validity of scores derived from the SPOHnderstanding the contents of the course (indicator 28), and
in a Chilean population of medical, nursing, and midwifertheir contribution during face-to-face histology classes
students. Through EFA, we examined a factorial modelould have been greater (indicator 34). Our results suggest
consisting of three factors: "e-learning satisfaction”, "inthat although the different platforms (Moodle, Microsoft
person classroom activities", and "course design and teachirepms®, Blackboard Collaborate, or Zoom) have been
quality". The identified factors could help histology teachergseful to teach histology during the COVID-19 emergency,
to improve student satisfaction and performance in e-learnititey do not necessarily replace the experience and learning
histology courses. benefit of the activities carried out in a traditional face-to-

face format (Godoy-Guzmaet al, 2019; Lowe, 2018;

The first identified factor corresponded to "e-learnindPrietoet al, 2011; Van Nuland & Rogers, 2017). As Van
satisfaction". Satisfaction with the e-learning environmerduland & Rogers (2017) point out, one of the greatest
is an important aspect in the evaluation of learninghallenges in education is the tendency to assume that new
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technologies are just adfective, if not more so, than and the usefulness of teaching strategies such as portfolios,
traditionally prominent teaching methods. In other fieldexplanatory videos and forums (indicator 14). For example,
of morphological sciences, such as anatomy, the difficultgopalet al. (2021) found that course design has a significant
of replacing face-to-face activities such as cadaveositive impact on student performance in online courses.
dissection sessions, living/surface anatomy, and clinicallia addition, these authors suggest that the way in which
focused sessions with hands- on equipment such iastructors deliver course content can affect student
ultrasound has been reported (Evanal, 2020; Wilhelm satisfaction, performance, and enthusiasm, and thus the
et al, 2022). It is also worth noting that students generallyuality of the online learning process. It has been described
felt that face-to-face laboratory activities (light microscopybhat the success of e-learning courses depends on several
would have had a greater impact on their learning (indicattactors, the most important of which are the stability of the
19) and on their understanding of the subject (indicator 3platform used for the development of the virtual
Some authors have suggested advantages of using viremironment, the compliance of the institutions with the
microscopy over using optical microscopy as a teachirgharacteristics of e-learning, and the continuous
tool (Collieret al, 2012; Wilsoret al, 2016). However, improvement and training of the teachers in charge of the
our results are in line with those of Xu (2013) and Pratlifferent subjects (Selim, 2007). Regarding assessment,
(2009), who point out various advantages of using opticalirprisingly, Chenget al (2021), found that students in
microscopy in hands-on activities in a traditional formatnedical schools believe that feedback must be implemented
(i) If students only observe slides through virtuahfter online assessment to identify the progress of students
microscopy, they will become unaccustomed to abnormial learning outcomes. In this sense, it is worth mentioning
structures. Because perfect specimens tend to be selet¢hed in our histology course, we included feedback in each
for virtual slides, students may only be exposed to mosession (indicator 27), in which teaching assistants clarified
easily recognizable structures. Then, when they encounstudents' doubts and recognized their level of understanding
abnormal morphologies in their future work, these studerfiar each of the units. Improving online active learning to
may find themselves in a tight spot. The teaching &upport the study of medical courses is one of the main
histology by light microscopy should remain paramount tdifficulties that many instructors face when teaching in
train students' practical skills and critical thinking. (ii) Duenedical schools. For example, Evabal (2020), suggest
to the random distribution and imperfect quality of slidesngaging students in interaction with their peers and tutors,
in light microscopy, students' questions about structurahd including synchronous sessions such as webinars or a
variations may actually enhance classroom learning agdestion-and- answer session to support anatomy
stimulate professional curiosity. instruction. As mentioned in the histology course and
curriculum development section, we included forums,
On the other hand, as stated by Frehyatoal hands-on activities, synchronous sessions, and feedback
(2013), “only when the appropriateness, feasibility and trisessions to support student understanding in the course.
costs of e-learning tools and methodologies are understoddhough we included feedback as one of the main
can their impact upon the health of country populations lmemponents in our course, we recognize that one of the
realized.” Therefore, based on what is reported in thahallenges in e-learning teaching is to rethink summative
literature, we believe that the medical and health sciencassessment to evaluate the effectiveness of instruction and
(nursing and obstetrics) curriculum should incorporate bothe achievement of learning outcomes.
light microscopy (traditional format) and virtual microscopy
activities depending on the context (pandemic, internet Finally, a multiple regression analysis was conducted
connectivity options, feasibility of personal computersto examine the contribution of the independent variables
infrastructure and laboratory equipment). In addition, it istudents' perception of the course format and hours of
important that curriculum developers and educatostudy) in predicting the dependent variable (students'
consider the different learning styles of students (Mitchedicademic performance). The results showed that there is a
et al, 2015) and the diverse professional profile of eagbositive and significant relationship between students'
program (physicians, midwives, nurses, among othermsg¢rception of the implementation of the e- learning
when building the curriculum (Lowe, 2018). histology course format and their academic performance
(p<.001). In addition, student performance was found to
Regarding the third factor called, “course design arlge positively and significantly correlated with the number
teaching quality”, it referred to the curriculum materialspf hours per week spent studying the course. As we
course organization, teaching methods, instructor qualigxpected, the results of the regression model predicted that
and feedback in the online course. In this sense, the studeéhtse students who believed that COVID-19 affected their
positively valued this online teaching course (indicator 1&cademic performance scored lower than those students
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who did not. The results of this study regarding the numbspecifically in histology courses, making the SPOHC an
of hours per week spent studyithg course, are consistentinnovative tool specifically designed for this discipline.
with the research conducted by (West & Sadoski, 2011).
Their findings indicated that time managementwas astrong  Another contribution of the SPOHC is the inclusion
predictor of academic performance in medical school. bf a factor related to "in-person classroom activities". We
addition, our findings provided further support for studentbelieve that one of the major concerns of students may be
perceptions of the online course in relation to thethat virtual laboratories cannot fully replace the experience
academic performance. As we expected, study habésd knowledge they generate and acquire in the laboratory.
related to the number of study hours per week had a positMeasuring the contribution of virtual labs as an alternative
and significant impact on student performance. to traditional labs, for example due to the increasing cost
of hands-on labs or due to the increase in distance
Limitations. First, this study sampled only students froneducation, is an important factor that researchers,
a public university in Chile. The results of this study mainstructors, and curriculum developers need to consider
not be generalizable to students from other universitigghen evaluating the quality of an online course and
and different contexts. We also acknowledge that theassessing its impact on student learning. Our study also
could be other external predictors that could have alsthowed that an e-learning histology course can be a
influenced students' academic performance, such as/@Juable teaching method for teaching histology. However,
students' motivation and learning styles, and ii) the typghen designing course materials, it is important that
of assessment used to measure students' performanceciiryiculum developers and instructors focus not only on
acquisition of equipment (computers or software) angroviding disciplinary knowledge, but also on encouraging
access to Internet connection networks. In additiostudents to develop and enrich their practical knowledge
students' perceptions of the course may have beamd skills in microscopy. In the context of medical courses,
influenced by the reduction in the number of hours durirttpe results of this study showed that students do not
the emergency remote teaching compared to a traditiomperceive e- learning practical activities as fully analogous
face-to-face academic course. to face-to-face learning, since the latter requires the
development of skills that are more likely to occur in the
In this study, we present and evaluate a positilaboratory (e.g., observation of abnormal morphologies,
experience with an e-learning histology course. We usedtical thinking skills, among others).
three methods to cover the content of the traditional (face-
to-face) histology course: synchronous sessions (Zoom  Because this instrument is new and was developed
meetings), asynchronous sessions (using the Moodiased on other studies, researchers are encouraged to
platform), and free virtual microscopy tools. Evaluatioontinue to refine the scale. Future studies need to focus
of the course included two multiple-choice exams andam validating the results of the exploratory factor analysis
portfolio. The current study also addresses the need foramd applying the questionnaire to another population. Fac-
instrument to measure students' perceptions of e-learniiog structure results are often affected by sample data, and
histology courses. The instrument we present contributksther research is needed to avoid sampling bias and
to the study of students' perceptions of online histologyonfirm the latent variable structure (Kiet al, 2016).
courses by addressing relevant factors such as "e-learnitigally, the results of this study are useful for researchers
satisfaction", "face-to-face class activities", and "coursend instructors who can use the survey to identify the
design and teaching quality”. This study provides evidencemponents of online courses that are better perceived by
for the validity of the scores derived from the SPOHC witlstudents, and also to inform about specific sections of the
the removal of one item. The SPOHC can be used to infoadaptation of an online course that need to be revised or
curriculum developers and instructors of the aspects efiriched. This information can be used to promote changes
online histology courses that need to be evaluated whierfuture versions of the course.
designing or adapting a traditional histology course into
an e-learning format. In addition, the factors we identifieACKNOWLEDGMENTS . The authors thank Baltazar R.
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