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! Expository or traditional teaching method
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2 Exploratory experiments
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! Project-based experiment
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! Problem-based experiment
2 open-inquiry experiments
3 Guided experiment teaching method

4 discovery-based experiments
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! Virtual experiments

0

el 6250l g o59—el 4o (5,9lsd 5l eola ol woasas
e allas o il Sen o Tmi S [05YV]
Sl lmelliolel aS ass S 3 55 VoYY Jlw
1) ol 5y S gl tils (2,55 5 05l
)l ool il u.._a.a:m U_" A.._..MDUGA O gf
ol Sla—ie a1y Gajasl ) s5lame laoliiyles]
ol Sladm o ol el ils JLabd oS, Lie sl o
@529 S lwand 5 oad (gilwand Sllae
Lot lee dang 5 (S5t om sloosmdy S0 sl
Lsﬁf“)l——’ J..ge‘_.uu —=g0 9 00— J__AT)K rl.l?u
k_s_.,.uLw.‘ Sy 4o alo> )1 9 G)Lz.c dLerblf_mb)T
IS S8 e i jo bigel Gad Jliows
Sgty (51— a5 ooly HLis ladre 31 v ks IyAl
ang 650l 055 ol sl ilame bRyl
059> 0 & 5lmme olBiole;] 5l eolaiwl Jlie (glm 0l
Jedo sl (5168 olfiws g andsd dlo (650l
5 ohs—el il Blos 5 g pSol gl oF )l
Gl 00 oy G Ila H3iS )0 g co 4 gal
Ko s)L_...JBA.Q O =R ‘SA}l—»-A O [Y/\]
Ol o gad g 0y (o> S o]l (Ll (5150

2 Byukusenge



VEF il 5l VYo les A alx

0‘5_%5@ asS el 6)5.)[_' 0y9—= 4O u_...:L..a @LC}.@}A

Iral Sy 0540 &5lxe L}.).Lo)'T 5 Leﬂ u’;a)'yﬂ &l
S 55 A

Jud 285 b 0 (higel Sjgpo 4 azg b

g5 @0l ol 5o w5 s sl by, 5 (SO (o)lS13
0o90° 5% oy s> e das Gy g S0k
Slllae aib o oBilojl o w; pole slaars,
s lp oRioley] jo w05 aS ools lis publize
shaz Lépdin 50 el ;S0 g0 (pl Gl g
slogis,y oy ol b0yl ol (i3gal gl BT 055l 5
55 Mt 5l s Bisel aiej o alRiales]
3l S ledae 05,5 Bib s Copae Wb &S Cun
obidian; wsye ol gl oKislesl jo ey
Glatalesl (o pdS w5 by, el 45 0ls 252
slogialel wisn plnl e Slatalejl s, Kgls

Sl 5o ol gilme sloptalojl 5 (stuled sl il

wdgbcalan  sla yiales]

Bitlojl b Lo jo Slegdge u jab aiaj ) loagy o
O)‘é ‘-’)9)"4 ch‘ 4.1.@35 3o RESUOW- ) QS"’L"Q 9 La‘).o 6‘)‘0

aolyy ool Olyzee pgd 4253 ;0 9 (owyd aslin G-k
Sg>g0 ULl ¢ Ll 4 Lo olowe o LalKails o

5 ol ) allaslejl sla b, 5l (Al b (3 cnyie
Si5lils 5 lismils sadly iy sals b S |
ol sl os 65 )0 g (owyo Solin (5 50k o

S5 el
&L (2,5

el oais Gl Bains g lawgs adlie o )lad aigS e

55

&L

[1] M. Matijevi¢. Znanstvene kompetencije
ucitelja primarnogo brazovanja (ured. N.
Babi¢), Uciteljski fakultet, Osjek, 2007.

[2] S.S.Veselinovska, S. Kirova. The
pedagogical benefits and pitfalls of applying
tools for teaching and learning laboratory
practices in the biological sciences.
Teaching and informatics in education. 6th
International Conference, Faculty of
Technical Sciences, Cadak, Serbia, 28—29%,
2016.

[3] R. Sanchez-Muiioz, M. Carrid, G.
Rodriguez, N. Pérez, & A.
Moyano. A hybrid strategy to
develop real-life competences
combining the flipped
classroom, jigsaw method,
and project-based learning.
Journal of Biological
Education, vol. 56, no. 5, pp.
540-551, 2022, DOL:
10.1080/00219266.2020.185
8928.

[4] A. Holstein, V.M. Lunetta. The role of
the laboratory in science
teaching: Neglected aspects
of research. Review of

Educational Research, vol.
52, pp. 201-217, 1982.

[5] C.Byukusenge, F. Nsanganwimana, A.P.
Tarmo. Effectiveness of
Virtual Laboratories in
Teaching and Learning
Biology: A Review of
Literature. International



VEF il 5l VYo les A alx

Journal of Learning.
Teaching and Educational
Research, vol. 21, no. 6,
2022.

[6] D.C. Owens, T.D. Sadler, A.T. Barlow, et

al. Student Motivation from
and Resistance to Active
Learning Rooted in Essential
Science Practices. Res Sci
Educ, vol. 50, PP. 253-277,
2020, DOI: 10.1007/s11165-
017-9688-1.

[7] A. Cimer. What makes biology learning

difficult and effective:
Students’ views. Vol. 7, no. 3,
pp. 61-71, 2012,
DOI:10.5897/ERR11.205.

[8] W. Killermann. Research into biology

teaching methods. Journal of
Biological Education, vol. 33.
no. 1, pp. 4-9, 1998.

[9] C. Gercek, & H. Soran. Determination of

the Status of the Use of
Experimental Method in
Biology Education.
Hacettepe University Journal
of Education, vol. 29, pp. 95-
102. 2005.

[10] MM. Saroja, EMJ. Priya. Teaching of

biological science. New
Delhi. First Edition, 2019.

[11] A. Lazonder, R. Harmsen. Meta-

analysis of inquiry-based
learning: Effects of guidance.
Review of educational

Y

(ode) Olpl (ol sy alrs

research, vol. 26, no. 9, pp.
629- 192, 2016.

[12] H. Munandar. Analysis of the Problem

in Utilizing School
Laboratories in Chemistry
Learning. Advances in
Social Science, Education,
and Humanities Research.
5.76. Proceedings of the 2nd
International Conference on
Science, Technology, and
Modern Society, 2021.

[13] J. Premo, A. Cavagnetto, W.B. Davis.

Promoting Collaborative
Classrooms: The Impacts of
Interdependent Cooperative
Learning on Undergraduate
Interactions and
Achievement. CBE—Life
Sciences Education. Vol. 17,
no. 2, 2018, DOI:
10.1187/cbe.17-08-0176.

[14] M.R. Abraham, M.S. Cracolice, A.P.

Graves, A .H. Aldamash, J.G.
Kihega, J.G.P. Gill, V.J.
Varghese. The nature and
state of general chemistry
laboratory courses offered by
colleges and universities in
the United States, Chem
Educ, vol. 74, pp. 591-94,
1997.

[15] H.H. Elizabeth. The Student Laboratory

and the Science Curriculum,
E. Routledge: London,
pp.159-182, 1992.



VEF il 5l VYo les A alx

[16] A. Armstrong, S.M. Chang, M.
Brickman. Cooperative
Learning in Industrial-sized
Biology Classes. CBE—Life
Sciences Education, vol. 6,
no. 2, 2017, DOL:
10.1187/cbe.. 06-11-0200.

[17] M. Khan, MZ. Igbal. Effect of Inquiry
Lab Teaching Method on the
Development of Scientific
Skills Through the Teaching
of Biology in Pakistan.
Language in India, vol. 11.
No.1, pp. 169, 2011.

[18] W.J. Green, C. Elliott, R.H.J.
Cummins.” Prompted"
inquiry-based learning in the
introductory chemistry
laboratory. Chem. Educ, vol.
81, pp. 239-241, 2008.

[19] L.S. Vygotsky. Mind in Society: The
Development of Higher Psychological
Processes. Harvard University Press,
Cambridge, MA, (1978).

[20] N.M.V. Megjlgaard, R. Christensen, .
Strand, M. Buljan, M. Carrid, 1. Cayetano,
E. Giralt. “Teaching Responsible Research
and Innovation: A Phronetic Perspective.”
Science and Engineering Ethics, Vol. 25 No.
2, pp. 597-615, 2018, DOI:10.1007/s11948-
018-0029-1.

[21] H. Tuaputty, S. Alimudi, I. Arini, L.N.
Latupeirissa, A.K. Donkor. Project-based
learning using a laboratory approach on
learning outcomes and critical thinking in
marine biology. JPBI Jurnal Pendidikan

A

(ode) Olpl (ol sy alrs

Biologi Indonesia, Vol. 9 no. 1, pp. 103-114,
2023, DOI: 10.22219/jpbi.v9i1.24551.

[22] J.R. Savery. Comparative Pedagogical
Models of Problem-Based Learning.
Mahnaz Moallem, Woei Hung, Nada
Dabbagh, 2019. DOLI:
10.1002/9781119173243.ch4.

[23] K. Tobin, D.J. Tippins, A.J. Gallard.
Research on Instructional Strategies for
Teaching Science. In Handbook of Research
on Science Teaching and Learning.
McMillan: New York, 1993.

[24] A.M. Schoffstall, B.A. Gaddi.
Incorporating guided-inquiry learning into
the organic chemistry laboratory. Journal of
Chemical Education, Vol. 8, No. 5, pp. 848-
51, 2007.

[25] G.M. Bodner, W.J.F. Hunter, R.S.
Lamba. What happens when discovery
laboratories are integrated into the
curriculum at a large research university?
The Chemical Educator, Vol. 3, pp. 1-21,
1993.

[26] G.A. Maldarelli, E.M. Hartmann, P.J.
Cummings, R.D. Horner, R. Shingles.
Virtual lab demonstrations improve students'
mastery of basic biology. Journal of
Microbiology & Biology Education, Vol. 10,
No. 1, 2009, DOI: 10.1128/jmbe.v10.99.

[27] S. Stevi & H. Haryanto. Need Analysis
of audio-visual media development to teach
the digestive system for elementary school.
Journal of Educational Technology and
Online Learning, vol. 4, no. 1, pp. 22-29,
2020. DOI: 10.31681/jetol.. 672104.


https://onlinelibrary.wiley.com/authored-by/Savery/John+R.
https://onlinelibrary.wiley.com/authored-by/Moallem/Mahnaz
https://onlinelibrary.wiley.com/authored-by/Hung/Woei
https://onlinelibrary.wiley.com/authored-by/Dabbagh/Nada
https://onlinelibrary.wiley.com/authored-by/Dabbagh/Nada
https://doi.org/10.1002/9781119173243.ch4
https://doi.org/10.1002/9781119173243.ch4

VEF il 5l VYo les A alx

[28] R. Rosli, NA. Ishak. Implementation of
a virtual laboratory in biology learning to
improve students' achievement, science
process skills, and self-efficacy. Journal of

A

Education. International Journal of
Education, Islamic Studies and Social
Sciences Research (IJEISR), vol. 7, no.1, PP.
115-131, 2022.



VF-f uLquAﬁ)LQAA\VO)LN&LﬂJl} (so.l.c)u‘ﬁ‘gswl.ww)&u

A comparative study of traditional and modern teaching models in
the biology laboratory.

Ahmadi H'*, Saleh J?
Dept of Biology Education, Farhangian University, P.O. Box 14665-889, Tehran, Iran

Dept of Psychology and Counselling, Farhangian University, P.O. Box 14665-889, Tehran, Iran

*Corresponding author: Email:hahmadi@cfu.ac.ir

Abstract

Educational innovations are key to success in the teaching and learning process. Laboratory teaching methods
provide practical exposure to the subject and are essential for teaching some topics in biology. This study compares
various traditional and modern teaching models in biological science laboratories. To review articles and books
related to the topic of this review, the keywords of teaching methods, laboratory, and biological sciences in the
international databases PubMed, Scopus, and Google Scholar search engine were used in recent years until 2025.
The inclusion criteria for the study were review and original research articles. In the present study, the advantages
and disadvantages of using the laboratory teaching method were examined. It is necessary for curriculum designers
and implementers in universities and schools, while considering the conditions and facilities available in
laboratories, to select and implement the best method or combination of laboratory methods in order to witness real
progress of students in learning the course topics and their practical application.

Keywords: Teaching methods, laboratory, biology



