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Background and Objectives: Using laboratory activities in biology teaching
with an emphasis on observation and group activity is considered one of the
methods that fosters innovation and creativity. Considering the importance of
the advantages of the laboratory method and limitations such as the lack of
laboratory equipment, especially in underdeveloped areas; this study aimed
to design simple experiments as an alternative to the biology experiments in
the Experimental Science Laboratory Books (1) and (2) and to examine the
viewpoints of female students in District 10 of Tehran on the teaching-
learning process of biology concepts. Methods: The present study is applied
research and was conducted using a mixed methods in two qualitative and
quantitative phases. From the statistical population of tenth and eleventh
grade students in Tehran (district 10), 120 female students were selected in
the 1401-1402 academic year using convenience sampling. Data collection
was conducted using the library method and interviews with 48 teachers.
After interviewing teachers, 6 experiments were selected from the books.
Then, simple experiments were designed and implemented as alternatives. A
researcher-made 5-point Likert-type questionnaire was used to survey
students’ viewpoints about alternative tests. In the descriptive statistics
section, indicators such as frequency, mean, and standard deviation were
used, and in the inferential statistics section, the Kolmogorov-Smirnov test
and one-sample t-test were used. Findings: The results showed that the mean
scores obtained in all variables were significant at the level of (p< 0.01).
Therefore, using the laboratory method through experimental design with
minimal facilities has a positive effect on improving the learning of biology
concepts, the ability to conduct experiments, understanding the concepts
being tested, psychomotor skills, as well as students' communication skills.
Conclusion: Assigning the highest average scores to the feasibility of
conducting experiments due to their simplicity and low cost, and the students'
understanding of biological concepts, indicates the high importance of these
two categories, which have a significant impact on the students' scientific,
skill, and attitudinal development.
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EXTENDED ABSTRACT

Introduction

One of the important factors in experimental science education is laboratory activities
because they develop students' knowledge, attitudes, and skills. Previous research in
biology education shows that the use of images, videos, simulated models, and especially
laboratory activities prevented many misunderstandings. Active student participation also
improves learning outcomes. Simplicity and comprehensibility of content, and simple and
engaging experiments are a valuable teaching strategy. Considering the importance of
conducting experiments in the learning process, it is not appropriate to not conduct
experiments due to lack of facilities. Due to the lack of laboratory equipment and materials
in most schools in the country and the lack of sufficient research on this subject, the main
goal of this research was to design and replace simple biology experiments in order to
teach and better understand concepts and increase motivation in students.

Methodology

The present study is applied in terms of purpose and mixed in terms of method. The
research consists of two qualitative and quantitative parts. The qualitative part of the
research was conducted using the phenomenological method. The managers of the Tehran
Science Laboratory subject group selected and introduced capable and experienced
teachers. Data collection was conducted through semi-structured interpersonal interviews.
Face and content validity were used to verify the validity of the interview questions. After
studying the theoretical foundations, empirical background, and the nature of the method,
the questions were designed and approved by three experts. Data collection continued until
theoretical saturation was reached, and the saturation point was reached with 48
participants. The findings were validated using interviewee review and peer review.

The statistical population in the quantitative section included female students in the
tenth and eleventh grades of District 10 of Tehran in the academic year 1401-1402. The
research sample was available and included 120 students from an all-girls high school.
According to the results of the teachers' interviews, 6 experiments were selected from the
experimental science laboratory books. Then, simpler experiments were designed,
substituted, and conducted by students in groups so that they could be carried out even at
home and pursued the same educational goals. To examine students' views on the designed
experiments, a researcher-made questionnaire was prepared on a 5-point Likert scale. The
questionnaire was a set of targeted questions consisting of 20 items with four criteria
including the ability to perform experiments, development of conceptual understanding,
development of psychomotor skills, and communication skills. The content of the
questionnaire was confirmed by five experts. The face validity was also confirmed by the
responses of a number of sample individuals. The Cronbach's alpha coefficient calculated
for all questionnaires (0.824) indicates their high reliability. After implementing each of
the 6 designed experiments, the questionnaire was completed and analyzed individually
by all students. Quantitative data analysis was performed at two levels of descriptive and
inferential statistics. In the descriptive statistics section, indicators such as frequency,
mean, and standard deviation were examined. In the inferential section, one-sample t-test
was used.
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Findings

Based on the results obtained, in all hypotheses, the values of skewness and kurtosis are
between (+2 and -2) and the data have a normal distribution at the 0.05 level. Also, the
significance level of the calculated statistic in all hypotheses is greater than 0.05, so the
assumption of normal distribution of scores is accepted. After collecting information, the
reasons for not conducting the tests were identified. The most important factor was the
absence or severe shortage of laboratories and related facilities in most schools, especially
schools in deprived areas. Based on the results of the interviews, the researcher designed
alternative experiments for 6 biology experiments in the experimental science laboratory
books. The methodology and results of the new experiments were confirmed by 8 experts.
After each experiment was perform by the students, the questionnaire was completed by
the entire sample. Based on the results from the perspective of the respondents to the
questionnaires, teaching in the laboratory method through designing experiments with
minimal facilities has a great impact on learning biology concepts, the ability to perform
experiments, understanding the concepts being tested, psychomotor skills, and also
communication skills of students.

Discussion and Conclusion

The purpose of this study was to investigate the views of female students in District 10 of
Tehran on the importance of designing and replacing simple biology experiments in
experimental science laboratory books on teaching and learning biological concepts. After
collecting data from interviews with teachers, the reason for not implementing some
biology tests in many schools was determined. Among the categories mentioned, the most
frequent is related to the laboratory and its equipment. Teacher expertise in conducting
textbook experiments is also in second place. Based on the results obtained, it can be seen
that the average scores obtained from the Likert questionnaire, from highest to lowest,
were as follows: implementation ability with an average score of 4.07, understanding the
concept of 3.96, teaching biology concepts of 3.92, developing communication skills of
3.88, and finally developing psychomotor skills of 3.79. In all hypotheses, the average
score is higher than the theoretical average score (number 3). This is indicative of the fact
that the present study and the laboratory method received a lot of attention, and the greatest
attention was pay to the implementability variable, which received the highest average
score. This issue is also worth considering and shows that from the students' perspective,
the availability of materials and equipment, low cost, and simplicity of experiments are
very important. One solution is to design simple experiments that, while being simple and
tangible, turn students' theoretical activities into practical experiences, increasing morale,
self-confidence, and promoting creativity. It also helps students acquire skills that they
can use in their daily lives, ultimately creating effective and meaningful learning In line
with the results obtained from this research, it is recommended to design alternative
experiments using artificial intelligence, prepare educational aid packages for creative
teaching of experimental science laboratories, use virtual laboratories, revise the
experiments in the biology section of experimental science laboratory textbooks, and
introduce alternative experiments in the teacher's guidebook.
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