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The Effectiveness of Artificial Intelligence-Based
Recommendation Systems in an E-learning Environment in
Developing Scientific Thinking Skills

Abstract:

This study set out to examine the effectiveness of Al-based recommendation systems in an e-
learning environment, specifically in developing students' scientific thinking skills at Fayoum
University, Egypt. The research explores how both content-based and collaborative
recommendation systems can guide students to suitable educational materials that enhance

their critical and analytical thinking abilities. Two primary hypotheses were tested:

The first hypothesis posits that there are statistically significant differences between the pre-
and post-test scores of the scientific thinking test for the first experimental group (collaborative
filtering), with the post-test showing improved results. Data analysis using the "T" test revealed
significant differences at the 0.01 level in favor of the post-test, demonstrating the effectiveness
of collaborative filtering methods in enhancing students' scientific thinking. These methods
improved student interaction, problem-solving abilities, and communication skills, ultimately

leading to better performance on the scientific thinking test after the experiment.

The second hypothesis suggests that there are no statistically significant differences between
the average post-test scores for the first experimental group (collaborative filtering) and the
second experimental group (content-based filtering). Statistical analysis confirmed that no
significant differences existed between the two groups, although the content-based filtering
group showed slightly higher average scores for educational recommendations than the
collaborative filtering group. However, these differences in scientific reasoning scores between
the two groups did not yield any statistically significant effects. This suggests that both
recommendation systems contributed to enhancing students’ scientific reasoning skills, though
the higher volume of recommendations in the collaborative filtering environment led to some
confusion for students, making it more challenging for them to engage effectively with the

recommended content.

Keywords: Feedback, recommendation systems, artificial intelligence, adaptive learning.
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import numpy as np

# Sample user-item rating matrix

ratings = np.array([[5, 3
,
’

’
’
’
’
’

HoNno

[4
[o
[0,
[1

’

0,
0,
5

4,
0,

def cosine_similarity(userl, user2):
numerator = np.dot (userl, user2)

denominator = np.linalg.norm(userl)

dpagill aal 258 i

* np.linalg.norm(user2)

return numerator / denominator if denominator != 0 else 0

def get_similar users(ratings, target_user_index):

similarities = []

target_user = ratings[target_user_ index]

for i in range(len(ratings)):
if 1 != target_user_index:

sim = cosine_similarity(target_user,

similarities.append( (i, sim))

# Sort by similarity

similarities.sort (key=lambda x: x[1], reverse=True)

return similarities

def recommend items (ratings

recommendations = {}

ratings[i])

target_user_index, num_recommendations=2):
similar_users = get_similar_users(ratings, target_user_index)

for user_index, similarity in similar_ users:
for item_index, rating in enumerate(ratings[user_index]):

if rating > 0 and ratings[target_user_ index] [item index] == 0:

if item index in recommendations:

recommendations[item_index]

else:

+= similarity * rating

recommendations[item_index] = similarity * rating

# Get top recommendations

recommended_items = sorted(recommendations.items(),

return [item for item,

# Usage

key=lambda x: x[1l], reverse=True)
]

_ in recommended items[:num_ recommendations]]

recommended = recommend items(ratings, target_user_ index=0)
print ("Recommended items for User 1:", recommended)
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def item similarity(ratings):
item count = ratings.shape[l]
similarity matrix = np.zeros((item count, item count))

for i in range(item count):
for j in range(item_ count):
if i !I'= J:
item i = ratings[:, 1]
item j = ratings[:, J]
similarity matrix[i][]] =
cosine similarity(item i, item 3j)

return similarity matrix

def recommend items by similarity(ratings, target user index,
num_ recommendations=2) :

item sim matrix = item similarity(ratings)
user ratings = ratings[target user index]
recommendations = {}

for item index, rating in enumerate (user ratings):
if rating > 0:
for similar item index, similarity in
enumerate (item sim matrix[item index]):
if user ratings[similar item index] == 0: #
Not rated by the user
if similar item index in recommendations:
recommendations[similar item index]
+= similarity * rating
else:
recommendations[similar item index] =
similarity * rating

recommended items = sorted(recommendations.items(),
key=lambda x: x[1], reverse=True)

return [item for item, _ in
recommended items[:num recommendations]]

# Usage

recommended items = recommend items by similarity(ratings,
target user index=0)

print ("Recommended items for User 1:", recommended items)
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