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Abstract

Despite greater efforts made over recent years to teach animal nutrition to veterinary students,
more needs to be done to develop teaching methods and improve education on equine nutrition.
The flipped classroom and peer-assisted learning (FC/PAL) approach is a teaching technique
suggested to support learning; however, research into FC/PAL in veterinary education is scarce
and little is known about students’ views on this approach. This study examined the results of a
questionnaire administered to assess veterinary students’ perceptions of/views about the
suitability of FC/PAL applied in an equine nutrition course. Correlation analysis of students’
responses to questionnaire items and principal component analysis (PCA) was performed to
analyze the variability in student perceptions.

The results showed that although half the students reported to be uninterested in equine
nutrition, most expressed positive attitudes towards FC/PAL. Comparing the perceptions/views
towards FC/PAL among low and high achievers, a significant difference was found for the item
considering the duration of FC/PAL (p=0.002). Correlation analysis between questionnaire items
showed a predominance of positive moderate correlations among high achievers and weak
correlations among low achievers. PCA revealed three important findings. First, student interest
towards equine nutrition explains the response variability among low achievers. Second, there was
significant agreement among almost all high achievers regarding the duration of the FC/PAL. Third,
in the item evaluating the usefulness of collaborating with peers, disagreement was only found
among low achievers. In summary, a flipped classroom combined with the same level peer-

assisted learning appears to encourage student interaction and collaboration in the classroom.
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1. Introduction

Competency in nutritional science is essential for veterinarians to be able to promote and
maintain good health in all types of livestock [1], including horses [2]. Despite greater efforts being
made to teach nutrition in veterinary curricula over recent years [3], veterinary education
literature lacks research into the development of teaching methods to improve education in
equine nutrition. Indeed, the literature has frequently highlighted the fact that the majority of
graduated veterinarians lack knowledge and skills in this discipline [4,5]. One reason may be that
insufficient teaching hours are being directed toward nutrition in veterinary schools, despite it
being recognized as playing an essential role in animal health. It has a significant impact on the
health [6], welfare [7], behavior [8], and performance of livestock [9]. In particular, the incidence
of nutrition-related disorders is reported to be increasing in horses [10]. Due to the relevance of
nutrition, it is important to develop innovative student-centered approaches such as flipped
classroom (FC) and peer-assisted learning (PAL) to improve knowledge transfer. FC was first
presented as a new teaching methed in 2000, but has only recently been incorporated into
veterinary curricula [11]. It requires students to acquire basic knowledge from activities performed
outside the classroom, which may include online resources such as videos, other online material,
tutorials, etc. [12,13]. PAL is'another student-centered approach. It is described as “the acquisition
of knowledge and skills by active helping and supporting among students” [14]. There are two
predominant combinations of PAL: “near-peer PAL”, where senior students at a more advanced
stage of their education teach more junior students, and “same-level PAL”, involving same-level
students where the students are exposed to the new learning material together at the same stage
of their education [15,16]. Same-level PAL is easier to organize since students are initially given the
new material at the same time [15]. Recent research demonstrated that the implementation of
PAL is an effective way to enhance the learning experience of students [17].

The integration of FC and PAL combines the advantages of both flipped learning and same-level
peer assisted learning, providing a valuable tool to implement in teaching environments that have
recently undergone disruption, for example, due the Covid-19 pandemic.

Evidence on how to structure an FC experience effectively is largely missing from equine education

literature. Filling this gap is important to support veterinary science lecturers challenged with



Journal Pre-proof

finding the most effective ways to organize class activities. The aim of the present study was to
establish a FC teaching format implementing PAL and to evaluate how suitable students perceived
this teaching approach (FC with PAL) to be for teaching equine nutrition.

2. Material and Methods

2.1. Study Design and Population

The study participants were fourth-year veterinary science students (total number=92) studying in
the Department of Veterinary Science at the University of Turin (Italy) in the academic year 2021-
2022. All students were asked to compete a survey after completing the equine nutrition course
delivered in a FC/PAL format.

After consulting with the ethical committee of the University of Turin, ethics approval was not

deemed to be necessary due to the fact that the evaluation was conducted in an anonymously.
2.2. Course design

The equine nutrition course followed a blended learning approach, combining face-to-face
teaching with FC/PAL. The FC/PAL design promotes student-centric active learning, which
encourages higher cognitive learning processes, problem-solving competence, critical thinking,
and engagement with the course content [13,15,18].

Due to the pandemic situation, the face-to-face teaching sessions were given remotely and were
held once a week during the study period, which ran for a total of ten weeks. In the face-to-face
teaching sessions, the teacher explained how the course was to be run and taught the subject
matter for the different modules, set exercises, and discussed the students’ results for each
module of the FC/PAL activities (performed remotely due to the COVID). This more traditional
setting was used to teach the participants the material they were required to learn and apply in
the subsequent FC/PAL modules. The lecturer facilitated the group discussions and problem-

solving exercises by orienting students toward the concepts which had been taught.
2.2.1. Flipped classroom (FC)

FC modules were subsequently run to facilitate further learning and put the knowledge acquired
into the practice. The material taught in this way included up-to-date scientific literature and was

divided into a total of six modules (see Figure 1) covering the following topics:

1. Horse digestive physiology:
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a. Anatomy of the equine digestive tract [19].
b. The physiological and behavioral needs of the horse [20,21].
2. Body condition score (BCS) and morphometric measurements in horses:
a. BCS scoring system according to the Henneke scale [22].
b. Cresty neck score according to Carter et al., 2008 [23].
c. Body weight (BW) estimation [24].
3. Horse feeds:
a. Forages type and quality; focus on forage needs according to Harris et al.,2016
[25,26]
b. Cereals, and other feeds commonly used in equine nutrition with a focus on
carbohydrate analysis and starch content [27,28].
c. Feed label interpretation.
4. Horse nutritional requirements:
a. Energy, protein, mineral, and vitamin requirements for maintenance according to
INRA (National Institute of Agricultural Research).
b. Requirement tables according to the physiological status of the horse [29].
5. Ration formulation and evaluation:
a. Use of a specific diet calculator for horses [30].
b. The formulation of maintenance diets for horses.
6. Diet planning for real cases:
a. Consideration of all the dietary requirements and the physiological and behavioral

needs of the horse in order to prepare balanced diets [26,31].
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Figure 1. Equine Nutrition Course Organization

At the end of each module student groups were required to complete specific tasks related to the
content taught [32], comprising completing a quiz and calculating feed formulations or solving a

case problem.

2.2.2. Peer-Assisted Learning (PAL)

Students were enrolled on the course in groups consisting of a maximum of 10 students. When
attending the course, they were asked to divide in two smaller groups to facilitate social
interaction and learning. Each group delegated one student to be in charge of coordinating the
group's discussion and each module’s task. The delegate was required to lead the work group,

answer their peers’ questions, and solve the required task.

2.3.  Delivery of the course

Due to the Covid-19 pandemic the class for each-module was delivered using an on-line video
conferencing platform. The course involved one on-line four-hour lesson a week for a total of ten
weeks. Students enrolled onto the course on a voluntary basis according to their study schedule.
At the start of each class, the tutor opened the session by explaining its organization and
objectives, ensuring that each student had the necessary information to complete the module.
Thereafter, a short introduction about the module’s content was made and the students were
divided into two groups which split off into two separate web rooms. Each group session had to be
completed within a specified time frame with a mean duration of 1.5 hours, at the end of which
the two groups rejoined initial virtual web class.

For each module a different team leader was selected by the group members to facilitate the
team’s work and complete the preparatory work outside of the virtual web class. The groups
consulted the study material and the leaders were required to stimulate debate in the group and
complete a given task. At the end of the time frame set for each module all students returned to
the virtual web class with the tutor for an active discussion and gave their solution to the set task.
The task required that the students revisit the module’s material, in order to gain a better

understanding of the subject, or to ask the tutor for further clarification.

2.4. Questionnaire Design
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The questionnaire was developed to collect the students’ views about the new teaching
method used. Students were asked to answer n=9 score-based questions (Q) which
gathered information on their level of interest in equine nutrition, how satisfied they were
with the course, views on the usefulness of the course material, the course’s organization,
as well as other opinions about their experience. A 5-point Likert scale (1 - 2 = “strongly
disagree or disagree”, 3 = “neither disagree nor agree” and 4 - 5 = “strongly agree or
agree”) was chosen to evaluate each item [33].

At the end of the questionnaire two short-answer written questions required students to
offer suggestions about how they thought the course and the proposed teaching method
could be improved. Students were also asked to fill in a specific section with general

information and background data (age, gender, and average exam score to date).

2.5. Data collection
The questionnaire was published online using google forms, and course participants completed
the questionnaire on a voluntarily and anonymous basis. For this reason, no informed consent to
participate in the study was obtained. All data collected remained absolutely anonymous, and it
was impossible to trace the identity of the respondents. In addition, the questionnaires were
blinded prior to statistical analysis, which was performed on a database containing the

summarized data.

2.6. Data and Statistical Analysis

Following data collection, the responses of the questionnaire were coded and entered into a
customized database (Excel 2019) before the statistical analysis.

The statistical program JMP pro 16, SAS, was used for the analysis. Summary statistics of the
sampled population — response rate, gender, mean age of the students, average exam score — are
reported as means and standard deviations (SD) or percentages (%). The low and high achievers
among the students were determined using the students’ average exam scores. Low achievers (L)
were defined as having an average score of 20 to 25, while high achievers (H) were defined as

having an average score of exams 26 to 30 [34].
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2.6.1. Overall perception of students towards FC/PAL and comparison between low achievers

and high achievers

The overall perception of students toward FC/PAL was described using a summary statistic of the
students’ responses to the questionnaire items. Moreover, the frequencies (%) of answers
between low achievers and high achievers were analyzed using the chi square test. P-values < 0.05

indicate significant differences between the analyzed groups (L vs H).

2.6.2. Correlation between students’ responses to questionnaire items and principal component

analysis (PCA)

Bivariate analysis was used to investigate the students’ pereceptionstviews of the FC/PAL method
for teaching equine nutrition. Relationships between students’ responses to the questionnaire
items were analyzed using the Pearson’s correlation coefficient (r, 1 or -1 depending on whether
the variables are positively or negatively related). The r coefficient values for correlations were
interpreted according to Raspa et al.2020 [6]: very strong correlation (+0.91 to +1.00); strong
correlation (+0.68 to +0.90); moderate correlation (+0.36 to +0.67); weak correlation (+0.21 to
+0.35); and negligible correlation (0 to +0.20). The probability of correlation (p-value) was
calculated and Pearson correlations were considered significant for p < 0.05.

Moreover, principal component analysis (PCA, correlation matrix) was used to reduce the
variables to factors. Data assumption for multivariate normality was checked using Keiser-Meyer-
Olkin (KMO) and Barlett’s tests, which were performed to test the suitability of the data for

structure detection.

3. Results

Seventy-one students responded to the online questionnaire, although only 68 students
completed the entire questionnaire, producing a response rate of 95.77%. The majority of the
respondents were female (76.05%). The mean age of the students was 24.16 years (SD= 2.236).

The average exam score was 25.67 (SD=1.420). Just over half (51.47%) of the respondents was
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classified as being a low-achiever, having an average score of their previous exams between 20
and 25.
3.1. Overall perceptions/views of the FC/PAL teaching method

Table 1 shows the questionnaire responses of the 68 students involved in the present study. Data

are reported as both the actual number and percentage (%) of students responding to each item.

Table 1 also reports the answers given by students on the basis of the average of their exams (L vs.

H achievers).

Table 1. Student responses to questionnaire items

Score
Questionnaire Items Count 1-Strongly 2- 3-Neither 4- Agree 5-Strongly
(%) Disagree Disagree Agree or Agree
Achievers Disagree
Q1 Interest All 10 24 16 12 6
| am interested in equine students (14.7%) (35.29%) (33.52%) (17.64 %) (8.88%)
nutrition Low 2 15 10 8 0
(5.71%) (42.86%) (28.57%) (22.86%) (0%)
High 8 9 6 4 6
(24.24%) (27.27 %) (18.18 %) (12.12%) (18.18%)
Q2 Satisfaction All 0 8 18 28 14
I am satisfied with this learning students (0%) (11.76%) (26.47%) (41.17%) (20%)
activity Low 0 4 10 15 6
(0%) (11.43%) (28.57%) (42.86%) (17.14%)
High 0 4 8 13 8
(0%) (12.12%) (24.24%) (39.39%) (24.24%)
All 2 8 11 25 22
students (2.94%) (11.76%) (16.17%) (36.65%) (32.35%)
Q3 Usefulness Low 1 4 7 12 11
| believe that the online (2.86%) (11.43%) (20%) (34.29%) (31.43%)
teaching material provided will High 1 4 4 13 11
be useful in the future (3.03%) (12.12%) (12.12%) (39.39%) (33.33%)
All 2 18 22 13 13
students (29.41%) (26.47%) (32.35%) (19.11%) (19.11%)
Q4 Duration Low 1 10 17 4 3
The duration of the “Equine (2.86%) (28.57%) (48.57%) (11.43%) (8.57%)
Nutrition” course was High 1 8 5 9 10
appropriate (3.03%) (24.24%) (15.15%) (27.27%) (30.30%)
All 3 12 17 23 13
students (4.41%) (17.64%) (25%) (33.82%) (19.11%)
Q5 Remote mode Low 2 6 8 14 5
The online mode is useful and (5.71%) (17.14%) (22.86%) (40.00%) (14.29%)
appropriate for this activity
High 2 6 8 14 5
(5.71%) (17.14%) (22.86%) (40%) (14.29%)
Q6 Interaction All 1 1 9 26 31
The new method of teaching the | students (1.47%) (1.47%) (13-23%) (38.23%) (45.58%)
“Equine Nutrition” course was Low 0 1 4 15 15
interactive (0%) (2.86%) (11.43%) ((42.86%) (42.86%)
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High 1 0 5 11 16
(3.03%) (0%) (15.15%) (33.33%) (48.48%)
All 1 2 9 22 34
students (1.47%) (2.94%) (13.23%) (32.35%) (50%)
Q7 Peer collaboration Low 0 0 6 15 14
| believe that collaborating with (0%) (0%) (17.14%) (42.86%) (40%)
peers is very beneficial and High 1 2 3 7 20
useful for the learning process (3.03%) (6.06%) (9.09%) (21.21%) (60.61%)
Q8 Participation All 3 17 15 18 15
The online session of “Equine students (4.41%) (25%) (22.05%) (26.47%) (22.05%)
Nutrition” allowed me to Low 0 9 7 11 8
participate and interact more (0%) (25.71%) (20 %) (31.43%) (22.86%)
High 3 8 8 7 7
(9.09%) (24.24%) (24.24%) (21.21%) (21.21%)
All 1 6 17 28 16
students (1.47%) (8.82%) (25%) (41.17%) (23.52%)
Q9 Course organization Low 0 4 8 15 8
The “Equine Nutrition” course is (0%) (11.43%) (22.86%) (42.86%) (22.86%)
well-defined and structured High 1 2 9 13 8
(3.03%) (6.06%) (27.27%) (39.39%) (24.24%)

Considering the responses of both the low achievers and high achievers (Table 2), exactly half of
the students (50%) reported to be uninterested in equine nutrition. Only 26.47% of the students
were positively interested in equine nutrition (Q1). Despite half of the students being uninterested
in equine nutrition, 61.76% indicated that they were satisfied with the FC/PAL learning activities
carried out, and surprisingly only 11.76% of the students reported not to be satisfied with the
FC/PAL activity (Q2). Moreover, 69.11% of the students expected that the educational material
provided to them would be useful in the future, whereas only a minority (14.71 %) thought that
the material would not be of any use (Q3). With respect to the course duration, a number of
different perceptions were obtained. Just over half (52.94%) of the students considered the
duration of the course to be appropriate, while 29.41% thought differently (Q4). Nearly, 52.94% of
the students agreed or strongly agreed with the statement that the online modality was
appropriate for carrying out the FC/PAL activity, whereas 22.05% strongly disagreed or disagreed
with that statement (Q5).

The majority of students considered the FC/PAL to be interactive. Specifically, 83.82% agreed or
strongly agreed with the statement, while only 2.94% of them disagreed or strongly disagreed
(Q6). Moreover, the large majority of students (82.35 %) strongly agreed or agreed with the
statement that collaborating with their peers was beneficial for their learning, while only a few of
them (4.41%) strongly disagreed or disagreed with the statement (Q7). Mixed perceptions were

obtained regarding the allowance of participation in the FC/PAL format. While 48.53% of the
10
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students strongly agreed or agreed with the statement “The online session of Equine Nutrition
allowed me to participate and interact more”, 29.41% of the students disagreed or strongly
disagreed (Q8). The majority of students (64.70%) judged the FC/PAL course to be well-defined

and structured, although 10.29% did not agree with that statement (Q9).

Table 2. Comparison between low (L) and high (H) achievers in levels of disagreement and

agreement.
.Strongly Agree and Strongly
Disagree and
. Agree
Disagree (4-5)
(1-2)
50% 26.47%
Q1. | am interested in equine nutrition (L50% vs H50%) (L44.4% vs H55.5%)
p-value = 0.80 p-value = 0.49
11.76% 61.76%
Q2. | am satisfied with this learning activity (L50% vs H50%) (L50% vs H50%)
p-value = 0.93 p-value = 0.76
. . . 14.71% 69.11%
Q3. | believe that the online teaching (L50% vs H50%) (L48.94% vs 51.16%)
material provided will be useful in the future
p-value = 0.92 p-value = 0.53
. » e 29.41% 52.94%
?;u' rST:iI:S”;at":g fi‘;tihe Equine Nutrition (L55% vs H45%) (L26.9% vs H73.1%)
pprop p-value =0.71 p-value = 0.002
y . 22.05% 52.94%
35 ' roT:zte ?gr":ris a:‘t‘i’v‘?f s useful and | oo 300 s Ha6.7%) (L52.7% vs HA7.3%)
pprop ¥ p-value = 0.87 p-value = 0.82
. e 2.94% 83.82%
Q6. The new method of teaching the “Equine (L50% vs H50%) (L52.6% vs HA7.4%)
Nutrition” course was interactive
p-value = 0.90 p-value = 0.66
Q7. | believe that collaborating with peers is 4.41% 82.35%
very beneficial and useful for the learning (L0% vs H100%) (L51.8% vs H48.2%)
process p-value = n/a p-value = 0.91
. . e o 29.41% 48.53%
Q8. The online segspn of eq.une Nutrition (145.5% vs H55.5%) (L57.6% vs H42.4%)
allowed me to participate and interact more
p-value = 0.49 p-value = 0.33

11
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0, 0,
Q9. The “Equine Nutrition” course is well- 10.29% 64.70%
defined and structured (L57.1% vs H42.9%) (L52.3% vs H47.7%)
p-value = 0.75 p-value = 0.86

Note. The percentages of respondents who chose a neutral/undecided response (3 = “neither

disagree nor agree) were excluded from the final statistical analysis.

It is important to note that the percentages of respondents who chose a neutral/undecided
response (3 = “neither disagree nor agree) were excluded from the final statistics to aid the
comparison of the level of agreement and disagreement between L versus H achievers. As shown
in table 2, when comparing L and H achievers in terms of their different perceptions towards
FC/PAL, a significant difference was obtained with regards to their views on the course’s duration
(Q4). In particular, a significant difference was found for the score 4-5 (strongly agree and agree),
with significantly more high achievers selecting this response compared with low achievers (73.1%
vs 26.9%, respectively; p=0.002). No significant differences in views/perceptions were identified

between low achievers and high achievers for any other items of the questionnaire.

3.2. Correlation between questionnaire items

The correlations between the questionnaire items (Q1-Q9) among low and high achieving students
are shown in Figure 2. With respect to the overall correlations, there is a predominance of

moderate positive correlations among high achievers and weak correlations among low achievers.
3.2.1. Low Achievers

Student interest in equine nutrition (Q1) was significantly correlated with responses to Q3 only
(r=0.42, p=0.01) (the questionnaire item evaluating the perceived usefulness of the online material
used in the FC/PAL), which in turn revealed a significant correlation with the item rating student
satisfaction in the FC/PAL teaching method (Q2) (r=0.45, p=0.006) and the items evaluating peer
interaction (Q6) (r=0.37, p=0.02) and the course’s definition and structure (Q9) FC/PAL (r=0.45,
p=0.005).

In addition, student satisfaction towards the FC/PAL teaching method (Q2) was significantly
correlated with the item (Q4), which evaluated the students’ views on the adequacy of the time
provided to carry out the FC/PAL (r=0.36, p=0.02), Q6 (r=0.41, p=0.01) and Q9 (r=0.45, p=0.01).
Moreover, Q2 revealed a significant positive correlation with questionnaire item (Q7), which

evaluated students’ perceptions towards collaborations between peers (r=0.45, p=0.04). Item Q8,

12
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which evaluated views on whether FC/PAL provided the opportunity for students to participate
and interact more, was positively correlated with Q6 (r=0.59, p=0.0002) and Q5 (r=0.41, p=0.013)
(the item evaluating the suitability of the online mode for carrying out FC/PAL activities), which
was in turn positively correlated with Q6 (r=0.44, p=0.006).

Lastly, the most positive significant correlations were revealed between Q9 and Q2 (r=0.56,
p=0.0001), Q3 (r=0.45, p=0.006), Q4 (0.42, p=0.011), Q5 (r=0.54, p=0.0007), Q6 (r=0.56, p=0.004),
and Q7 (r=0.33, p=0.048).

3.2.2. High achievers

Among high achievers, student interest in equine nutrition (Q1) was significantly correlated with
Q3 (r=0.58, p=0.0004), and Q9 (r=0.36, p=0.037). In addition, responses to Q2 were significantly
correlated with the responses to Q3 (r=0.67, p<.0001), Q5 (r=0.34, p=0.052), Q6 (r=0.62, p<0.001),
and Q9 (r=0.78, p<.0001). Moreover, responses to Q3 were significant correlated with those given
to Q6 (r=0.48, p=0.004), Q8 (r=0.35, p=0.049), and Q9 (r=0.78, p<.0001), while responses to Q4
were only significantly correlated with responses to Q7 (r=0.45, p=0.009). In addition, responses to
Q5 were significantly correlated with responses to Q6 (r=0.55, p=0.001) and Q8 (r=0.56,

p=0.0008), which in turn revealed a significant correlation between each other (r=0.45, p=0.009).

13



Journal Pre-proof

Q1 Q2 Q3 Q4
= High achievers === Low achievers = High achievers === Low achievers = High achievers === oW achievers wteeHigh achievers === ow achievers
Qi Qi Q1 a1
1 1 1 1
a9 08 a2 9 a9 08 @ a9~ 08 2
0, 0,6 06
04 0,4
Q8 Q3 Q8 Q8 Q3 Q8 Q3
'1 ‘
Q7 Q4 Q7 Q7 Q4 Q7 Q4
Q6 Q5 Q6 Q5 Q6 Qs Q6 Qs
Qs Q6 a7 a8 @
==t Highachievers — ==e=low achievers =t High achievers === Low achievers =t High achievers === Low achievers =t High achievers === LOw achievers S Hig dciedsiss SESLoWRE s
a a o
1 1
Q08 Q Q9 08 Q
06 06
04 04
Q8 Q3 Q Q3
Q Q4 Q7 Q4
a6 s a5 as 4 &

Figure 2. Correlation between questionnaire items among low and high achiever students.

3.3.  Principal component analysis (PCA)

Principal component analysis (PCA) was performed to explain the variability in student’s

perceptions/views and attitudes towards the FCA/PAL (see Figure 2).

A) Low achievers B) High achievers
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Figure 3. Principal component analysis biplot (PC1 and PC2) performed on the questionnaire item
scores for students belonging to low achievers vs high achievers

The suitability of the data for PCA was evaluated (KMO = 0.80; Barlett’s test, p < 0.01). Figure 3a
refers to low achievers and shows that PCA separated the questionnaire items on the first
principal component: component 1 (PC1) explains 36.1% of the variance of the data, and
component 2 (PC2) another 16.3%, accounting for 52.5% of variability. In addition, Figure 3b which
refers to high achievers students shows that PCA separated the questionnaire items on the first
principal component: component 1 (PC1) explains 44% of the variance of the data, and component
2 (PC2) another 15.2%, accounting for 59.2% of variability. The questionnaire item that best
describes the response variability among low achievers is Q1. This variability derives from the fact
that none of the low achievers strongly agreed with Q1 (see table 1). On the other hand,
considering the PCA of high achievers, the questionnaire items that best describe the variability of
the responses are Q4 and Q7. In summary, the high achievers revealed a high positive response
rate to Q4 and Q7; in other words, disagreement with the statement only occurred among the

high achievers (4.41%).

4. Discussion
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Considering the complex process of acquiring clinical competence in equine nutrition, we designed
a flipped classroom (FC) teaching format combined with peer-assisted learning (PAL) focusing on
equine nutrition concepts. Both strategies are relatively new in veterinary education, and to the
best of the authors’ knowledge this is the first study to assess these concepts in the field of equine
nutrition education.

In the present study, half of the students (50%) reported to be uninterested in equine nutrition, in
line with the reports by the European Associations of Establishments for Veterinary Education
(EAEVE) and the fact that most veterinary schools in Europe report a shortage in veterinary
graduates willing to launch their careers in animal nutrition [35]. Nevertheless, the innovative
teaching method studied here was well received and appreciated by nearly two-thirds (61.76 %) of
the students. Qualitative analysis of the open-ended questions suggested that, in general,
students expressed positive impressions towards FC/PAL. Moreover, some suggestions were made
about how to improve the learning material and about expanding the number of clinical cases
provided in the teaching material. An interesting finding was that most of the students (69.11 %)
confirmed to consider the on-line learning material -helpful for their future work. There is no doubt
that the integration of information and communication technologies (ICT) into teaching
approaches has fundamentally changed how today's veterinary students learn new material [36].
Indeed, students generally tend to prefer digital material [37] which can be accessed at their own
convenience. Moreover, a survey study addressing nutrition education in 63 European veterinary
schools suggested the use of on-line learning materials as a potential solution to improve nutrition
education across veterinary schools [4]. The questionnaire results show that the majority of the
students were satisfied with the equine nutrition activities/tasks carried out (FC/PAL) and found it
very interactive and well-defined.

FC/PAL shifts the learning process of transferring knowledge in equine nutrition to before the
student-centered tasks are carried out, thereby allowing students to use the learning material
according to their personal learning needs in an informal environment. The FC/PAL approach helps
develop students’ learning capacities, meet individual learning needs and interests, and promote
self-directed learning, and these may be some of the reasons why the students of the present
study reported to be generally satisfied with it [38—40]. Secondly, FC/PAL boosts student-teacher
interactions, since the students come to the class already more familiar with the course material
[18,41]. Another possible reason may be that FC/PAL generally allows personalized learning

[41,42] and permits students with different learning preferences to manage their learning
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according to their own specific learning style. Conversely, in the traditional classroom, the teacher
pays attention to the needs and interests of the majority of the students and cannot customize the
teaching to each student’s needs.

A notable aspect was that same-level PAL was indicated as preferred by the vast majority of the
students, nearly 83%. A possible reason explaining this finding can be that during PAL, students are
less fearful of making errors in front of their peers rather than in front of teachers [17,43], thereby
feeling more satisfied with the learning experience. Since the same learning goals are shared in
this collaborative environment and students have the same academic background, the students
may be subject to less stress, which may in turn facilitate the learning process [17] and help build
student self-confidence.

When comparing the perceptions and attitudes towards EC/PAL among low and high
achievers no substantial significant differences were found. More specifically, only the item
evaluating the appropriate duration of the FC/PAL demonstrated significant differences (p=0.002).
Interestingly, the majority of respondents who expressed that they “strongly agree” or “agree”
that the duration of the FC/PAL was appropriate were high achieving students (73.1 %). This
finding can be explained by the fact that, in general, high achievers fully participate in learning
activities [44]. It is plausible to think that engaged students who accomplish specific goals and
achieve a desirable result will be more satisfied with the duration of the course since their goals
are met.

The correlation analysis between questionnaire items showed a predominance of positive
moderate correlations and even strong correlations among the high achievers. In the same vein,
Ahmed and colleagues in 2018 concluded in their study that the perceptions of high achieving
students towards the learning environment were significantly better than those of low achievers
[45].

In addition, the correlation analysis between questionnaire items further demonstrated a
predominance of weak correlations among low achieving students. However, no substantial
significant differences were found among two groups of students.

We made three important findings using principal component analysis to explain the variability in
student’s perceptions and attitudes towards the FC/PAL activities. First, the students’ interest in
equine nutrition best describes the response variability among the low achievers. More
specifically, none of the low achievers indicated to strongly agree with the questionnaire item (Q1-

interest). Outside veterinary education, several studies have demonstrated that low achieving
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students generally show less interests towards learning disciplines [45—-47]. Secondly, in the
questionnaire item evaluating the appropriate duration of the FC/PAL (Q4-duration), a total of 19
high achievers out of 33 (57%) agreed and strongly agreed with the item; in other words, the
majority of high achievers found the duration appropriate. As discussed above, since high
achievers are more likely to participate fully in the learning activities, they are also more likely to
find the duration appropriate. Lastly, in the item evaluating the utility of collaborating with peers
(Q7-peer collaboration), disagreement was only found among low achievers. It is plausible to think
that high achievers tend to be more confident as well as independent; thus, they can learn and
perform the learning activities and tasks by themselves. However, it is worth mentioning that a
few high achievers also disagreed with the statement (4.41%), therefore, this result cannot be
generalized.

Moreover, our study has some limitations. First, the study did not contain a control group, and,
second, our study did not investigate the effectiveness of the FC/PAL approach in terms of student
outcomes based on quantitative independent measures such as exam performance. However,
despite the above-mentioned limitations, the present research sheds light on the positive
attitudes and perceptions of students towards new teaching and learning approaches that boost
their satisfaction and interaction.

We would recommend future research to study the effectiveness of FC/PAL in equine nutrition
courses by addressing these limitations. In particular, future studies should explore the extent to
which the actual performance of students may or may not be affected by the FC/PAL, thus, moving

beyond student perceptions.
5. Conclusions

The present study focused on the use of modern pedagogical approaches to teach equine
nutrition in veterinary sciences. Our data demonstrated that the majority of the students were
satisfied with the FC/PAL activity carried out. Most of the students considered the learning
material provided to be useful for their future work. Moreover, the collaborative nature of the
work among peers was highly appreciated by the students. No significant differences were found
between low versus high achievers; however, high achievers tended to express more positive
views and attitudes towards FC/PAL.

To conclude, we observed that a flipped classroom combined with the same level peer-assisted

learning approach (FC/PAL) is helpful for student collaboration and interaction in the classroom.
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An innovative approach to teaching equine nutrition could help develop interest in the discipline

as well as the necessary skills that are currently under-represented in the workplace.

References

[1] Buonaiuto G, Lopez-Villalobos N, Costa A, Niero G, Degano L, Mammi LME, et al. Stayability
in Simmental cattle as affected by muscularity and body condition score between calvings.
Front Vet Sci 2023;10:1141286. https://doi.org/10.3389/fvets.2023.1141286.

[2]  Roberts JL, Murray JA. Survey of equine nutrition: Perceptions and practices of veterinarians
in Georgia, USA. J Equine Vet Sci 2013;33:454-9.
https://doi.org/10.1016/J.JEVS.2012.08.001.

[3] Abood SK. Teaching and assessing nutrition competence in'a changing curricular
environment. J Vet Med Educ 2008;35:281-7. https://doi.org/10.3138/JVME.35.2.281.

[4] Becvarova |, Prochazka D, Chandler ML, Meyer H. Nutrition education in European
veterinary schools: Are European veterinary graduates competent in nutrition? J Vet Med
Educ 2016;43:349-58. https://doi.org/10.3138/JVME.0715-
122R1/ASSET/IMAGES/SMALL/JVME.0715-122R1_F09.GIF.

[5] Nichols JL, Robinson JS, Hiney KM, Robert Terry J, Ramsey JW. An Investigation into Equine
Nutrition Knowledge and Educational Needs of Equine Veterinarians.
Https://DoiOrg/103138/Jvme-2021-0121 2022. https://doi.org/10.3138/JVME-2021-0121.

[6] Raspa F, Tarantola M, Bergero D, Nery J, Visconti A, Maria Mastrazzo C, et al. Time-Budget
of Horses Reared for Meat Production: Influence of Stocking Density on Behavioural
Activities and Subsequent Welfare 1334;10. https://doi.org/10.3390/ani10081334.

[7] Raspa F, Vervuert |, Capucchio MT, Colombino E, Bergero D, Forte C, et al. A high-starch vs.
high-fibre diet: effects on the gut environment of the different intestinal compartments of
the horse digestive tract. BMC Vet Res 2022;18:1-11. https://doi.org/10.1186/s12917-022-
03289-2.

[8] Vinassa M, Cavallini D, Galaverna D, Baragli P, Raspa F, Nery J, et al. Palatability assessment
in horses in relation to lateralization and temperament. Appl Anim Behav Sci 2020;232.
https://doi.org/10.1016/J.APPLANIM.2020.105110.

[9] Giorgino A, Raspa F, Valle E, Bergero D, Cavallini D, Gariglio M, et al. Effect of Dietary
Organic Acids and Botanicals on Metabolic Status and Milk Parameters in Mid—Late
Lactating Goats. Animals 2023;13:1-12. https://doi.org/10.3390/ani13050797.

[10] Vergnano D, Bergero D, Valle E. Clinical nutrition counselling service in the veterinary
19



Journal Pre-proof

hospital: retrospective analysis of equine patients and nutritional considerations. J Anim
Physiol Anim Nutr (Berl) 2017;101:59-68. https://doi.org/10.1111/JPN.12658.

[11] Dooley LM, Frankland S, Boller E, Tudor E. Implementing the Flipped Classroom in a
Veterinary Pre-clinical Science Course: Student Engagement, Performance, and Satisfaction.
J Vet Med Educ 2018;45:195-203. https://doi.org/10.3138/jvme.1116-173r.

[12] Gilboy MB, Heinerichs S, Pazzaglia G. Enhancing student engagement using the flipped
classroom. J Nutr Educ Behav 2015;47:109-14. https://doi.org/10.1016/J.JNEB.2014.08.008.

[13] Hew KF, Lo CK. Flipped classroom improves student learning in health professions
education: A meta-analysis. BMC Med Educ 2018;18:1-12. https://doi.org/10.1186/512909-
018-1144-Z/TABLES/4.

[14] Topping KJ. The effectiveness of peer tutoring in further and higher education: A typology
and review of the literature. High Educ 1996;32:321-45.
https://doi.org/10.1007/BF00138870.

[15] TaiJ, Molloy E, Haines T, Canny B. Same-level peer-assisted learning in medical clinical
placements: A narrative systematic review. Med Educ 2016;50:469-84.
https://doi.org/10.1111/MEDU.12898.

[16] Herrmann-Werner A, Gramer R, Erschens R, Nikendei C, Wosnik A, Griewatz J, et al. Peer-
Assisted Learning (PAL) im medizinischen Grundstudium: eine Ubersicht. Z Evid Fortbild
Qual Gesundhwes 2017;121:74-81. https://doi.org/10.1016/J.ZEFQ.2017.01.001.

[17] ZhangY, Maconochie M. A meta-analysis of peer-assisted learning on examination
performance in clinical knowledge and skills education. BMC Med Educ 2022;22:1-15.
https://doi.org/10.1186/512909-022-03183-3/FIGURES/6.

[18] Chan E, Botelho MG, Wong GTC. A flipped classroom, same-level peer-assisted learning
approach to clinical skill teaching for medical students. PLoS One 2021;16:e0258926.
https://doi.org/10.1371/journal.pone.0258926.

[19] Budras KD, Sack WO, Rock S, Horowitz A, Berg R. Anatomy of the horse. Schlitersche; 2012.

[20] Waring GH. Horse behavior. The behavioral traits and adaptations of domestic and wild
horses, including ponies. Noyes Publications; 1983.

[21] Raspa F, Roggero A, Palestrini C, Marten Canavesio M, Bergero D, Valle E. Studying the
shape variations of the back, the neck, and the mandibular angle of horses depending on
specific feeding postures using geometric morphometrics. Animals 2021;11:763.

[22] Henneke DR, Potter GD, Kreider JL, Yeates BF. Relationship between condition score,

20



Journal Pre-proof

physical measurements and body fat percentage in mares. Equine Vet J 1983;15:371-2.

[23] Carter RA, Geor RJ, Burton Staniar W, Cubitt TA, Harris PA. Apparent adiposity assessed by
standardised scoring systems and morphometric measurements in horses and ponies n.d.
https://doi.org/10.1016/j.tvjl.2008.02.029.

[24] Bassano B, Bergero D, Peracino A. Accuracy of body weight prediction in Alpine ibex (Capra
ibex, L. 1758) using morphometry. J Anim Physiol Anim Nutr (Berl) 2003;87:79-85.
https://doi.org/10.1046/).1439-0396.2003.00418.X.

[25] Harris PA, Ellis AD, Fradinho MJ, Jansson A, Julliand V, Luthersson N, et al. Review: Feeding
conserved forage to horses: Recent advances and recommendations. Animal 2017;11:958—
67. https://doi.org/10.1017/51751731116002469.

[26] Cavallini D, Penazzi L, Valle E, Raspa F, Bergero D, Formigoni A, et al. When Changing the
Hay Makes a Difference: A Series of Case Reports. J Equine Vet Sci 2022;113:103940.
https://doi.org/10.1016/].jevs.2022.103940.

[27] Buonaiuto G, Cavallini D, Mammi LME, Ghiaccio F, Palmonari A, Formigoni A, et al. The
accuracy of NIRS in predicting chemical composition and fibre digestibility of hay-based
total mixed rations. Https://DoiOrg/101080/1828051X20211990804 2021;20:1730-9.
https://doi.org/10.1080/1828051X.2021.1990804.

[28] Raspa F, Tarantola M, Muca E, Bergero D, Soglia D, Cavallini D, et al. Does Feeding
Management Make a Difference to Behavioural Activities and Welfare of Horses Reared for
Meat Production? Animals 2022;12:1740.

[29] Martin-Rosset W. Equine nutrition: INRA nutrient requirements, recommended allowances
and feed tables. Wageningen Academic Publishers; 2015.

[30] FRASC n.d. https://www.equinerationcalculator.com/ (accessed December 1, 2022).

[31] Valle E, Giusto G, Penazzi L, Giribaldi M, Bergero D, Fradinho MJ, et al. Preliminary results on
the association with feeding and recovery length in equine colic patients after laparotomy. J
Anim Physiol Anim Nutr (Berl) 2019;103:1233-41.

[32] Bognar B, Sabli¢ M, Skugor A. Flipped learning and online discussion in higher education
teaching. Didact. smart Pedagog., Springer; 2019, p. 371-92.

[33] Likert R. A technique for the measurement of attitudes. - PsycNET 1932.
https://psycnet.apa.org/record/1933-01885-001 (accessed July 4, 2022).

[34] Nouril. The flipped classroom: for active, effective and increased learning-especially for low

achievers 2016. https://doi.org/10.1186/s41239-016-0032-z.

21



Journal Pre-proof

[35] Wanner M. Introduction: The EAEVE and veterinary education in Europe. J Vet Med Educ
2006;33:159-60. https://doi.org/10.3138/JVME.33.2.159.

[36] Muca E, Cavallini D, Odore R, Baratta M, Bergero D, Valle E. Are Veterinary Students Using
Technologies and Online Learning Resources for Didactic Training? A Mini-Meta Analysis.
Educ Sci 2022;12:573.

[37] Xin L, Hathim AAA, Yi NJ, Reiko A, Noor |, Shareela A. Digital learning in medical education:
comparing experiences of Malaysian and Japanese students n.d.
https://doi.org/10.1186/s12909-021-02855-w.

[38] Tucker B. The flipped classroom. Educ Next 2012;12:82-3.

[39] Akcayir G, Akcayir M. The flipped classroom: A review of its advantages and challenges.
Comput Educ 2018;126:334-45. https://doi.org/10.1016/).COMPEDU.2018.07.021.

[40] Schultz D, Duffield S, Rasmussen SC, Wageman J. Effects of the flipped classroom model on
student performance for advanced placement high school chemistry students. ] Chem Educ
2014;91:1334-9.
https://doi.org/10.1021/ED400868X/SUPPL_FILE/ED400868X_SI_002.DOCX.

[41] Hwang G-J, Lai C-L, Wang S-Y. Seamless flipped learning: a mobile technology-enhanced
flipped classroom with effective learning strategies. ] Comput Educ 2015 24 2015;2:449-73.
https://doi.org/10.1007/S40692-015-0043-0.

[42] Othman SA, Kamarudin Y, Sivarajan S, Soh EX, Lau MN, Zakaria NN, et al. Students’
perception on flipped classroom with formative assessment: A focus group study. Eur J Dent
Educ 2022. https://doci.org/10.1111/EJE.12823.

[43] QuoRk M, Rittermann S, Gerhardt-Szep S. Cross-year-Peer-Assisted Learning im Inverted-
Classroom-Szenario: Pilotprojekt aus der Zahnmedizin. Z Evid Fortbild Qual Gesundhwes
2017;126:84-93. https://doi.org/10.1016/J.ZEFQ.2017.07.007.

[44] Owston R, York D, Murtha S. Student perceptions and achievement in a university blended
learning strategic initiative. Internet High Educ 2013;18:38—46.
https://doi.org/10.1016/j.iheduc.2012.12.003.

[45] AhmedY, Taha MH, Al-Neel S, Gaffar AM. Students’ perception of the learning environment
and its relation to their study year and performance in Sudan. Int J Med Educ 2018;9:145—
50. https://doi.org/10.5116/ijme.5af0.1fee.

[46] Bansal S, Bansal M, White S. Association Between Learning Approaches and Medical

Student Academic Progression During Preclinical Training. Adv Med Educ Pract

22



Journal Pre-proof

2021;12:1343-51. https://doi.org/10.2147/AMEP.5329204.
[47] GrewenigE, Lergetporer P, Werner K, Woessmann L, Zierow L. COVID-19 and educational
inequality: How school closures affect low- and high-achieving students. Eur Econ Rev

2021;140:103920. https://doi.org/10.1016/j.euroecorev.2021.103920.

Declarations

Availability of data and materials

The datasets generated and/or analysed during the current study are available from the

corresponding author on reasonable request.
Competing interests
The authors declare that they have no competing interests.

Funding

The present study did not receive external funding.
Authors' contributions

E. Muca contributed to study design, data collection, data management, data analysis and
preparation of the manuscript. D. Cavallini: contributed to data management, data analysis and
preparation of the manuscript. F. Raspa: contributed to questionnaire design, data analysis
support and preparation of the manuscript. C. Bordin: made data analysis support and preparation
of the manuscript. D. Bergero: was involved in study design, coordination and study execution. E.
Valle: contributed to questionnaire and study design, coordination and preparation of the

manuscript. All authors have read, edited and approved the final manuscript.

Acknowledgements

23



Journal Pre-proof

The authors would like to thank all the veterinary students who participated in this study.

Ethical Statement

After consulting with the ethical committee of the University of Turin, ethics approval was not
deemed to be necessary due to the fact that the evaluation was conducted in an anonymously. It is
important to highlight that the provisions that we have followed are in accordance with the Italian
legislation. More specifically, since there was no medical treatment or other procedures that could
cause psychological or social discomfort to participants, additional ethical approval was not
required. The research was conducted in line with the Helsinki Declaration, as well as the data
protection regulation of Italy (Legislative Decree No. 196/2003). Participation in the research was
voluntary, without receiving any reward. In addition, the questionnaires were blinded prior to
statistical analysis, which was performed independently by a specialist on a database containing

summarized data.

Declaration of interest:

None

24



