
DOI: https://doi.org/10.1128/jmbe.v20i1.1571
International Education

Journal of Microbiology & Biology Education  1Volume 20, Number 1

©2019 Author(s). Published by the American Society for Microbiology.  This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial-NoDerivatives 4.0 International 
license (https://creativecommons.org/licenses/by-nc-nd/4.0/ and https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode), which grants the public the nonexclusive right to copy, distribute, or display the published work. 

*Corresponding author. Mailing address: Department of Biology, 
Faculty of Science, Mahidol University, 272 Rama VI Rd., Ratcha-
thewi, Bangkok, Thailand 10400. Phone: +6622015478. 
E-mail: Sombat.Sin@mahidol.ac.th, Puey.Oun@mahidol.edu.
Received: 4 January 2018, Accepted: 23 April 2018, Published: 
26 April 2019.
†Supplemental materials available at http://asmscience.org/jmbe

INTRODUCTION

Zoology courses cover a broad range of topics, includ-
ing knowledge of animal taxonomy, life cycle, biodiversity, 
and the role of evolution in shaping the form and function 
of different animals. As a result, zoology courses must 
incorporate large numbers of specimens to introduce 
students to different types of animals at various points of 
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Organizing a zoology laboratory for an undergraduate course is often a challenge, particularly in a limited-
resource setting, due to the vast variety of topics to cover and the limited numbers of preserved specimens 
and permanent slides. In zoology, the class structure generally takes the form of a lecture demonstration 
followed by sample exhibition stations. This setting often fails to actively engage the majority of students in 
exploring the specimens. Here we propose an alternative organization of a zoology class lab format comprised 
of short guided-inquiry, time-restricted lab stations, and a freely structured follow-up project intended to 
increase attention and conceptual understanding of the lab topic. The lab is designed in two parts: a 10-min-
ute in-class rotation portion, where small groups of students take turns investigating specimens following 
an instructor demonstration, and an after-class group assignment. We implemented the strategy for two 
years, and it is clear that our approach significantly increased students’ active engagement in the class. The 
time-restricted scheme ensures all students participate despite limited resources, while the guided instruc-
tions keep the students focused on the topic. Furthermore, the team assignment portion, in particular the 
media creation aspect, promoted teamwork among group members. 

การจดัประสบการณก์ารเรยีนรูใ้นวชิาปฏบิตักิารสตัววทิยาสําหรบันักศกึษาในหลกัสูตรระดบัปรญิญาตรน้ัีนมกัจะเป็นสิง่ทีท่า้ทาย  

ทัง้นี ้เน่ืองจากทรพัยากรทีจ่าํกดัทัง้ในดา้นตวัอย่างและสไลดถ์าวร ดว้ยเหตุนี ้การเรยีนในหอ้งปฏบิตักิารสตัววทิยาจงึมกัถูกจดั 

ในรูปแบบของการสาธติและการจดัแสดงนิทรรศการเป็นฐานกจิกรรมย่อย แมว้่าการจดัประสบการณก์ารเรยีนรูแ้บบนีอ้าจจะใช ้

ไดด้กีบันักเรยีนทีม่ผีลสมัฤทธิส์ูงทีม่คีวามสนใจในการศกึษาตวัอย่างและนิทรรศการทีจ่ดัไวด้ว้ยตนเอง แตม่กัจะไม่สามารถกระ- 

ตุน้ใหนั้กเรยีนส่วนใหญ่สนใจศกึษาตวัอย่างได ้ในการนี ้ผูว้จิยัไดเ้สนอแนวทางในการจดัประสบการณก์ารเรยีนรูใ้นวชิาปฏบิตั-ิ 

การสตัววทิยาแบบใหม่ซึง่อาศยัการจดักจิกรรมเพือ่การสบืเสาะหาความรูแ้บบชีแ้นะแนวทาง (guided inquiry) แบบสัน้ๆ เพือ่ 

เพิม่ความสนใจนักศกึษาในช ัน้เรยีน  การจดัปฏบิตักิารในแต่ละฐานน้ันจะมุ่งเนน้เพือ่พฒันากรอบแนวคดิในหวัขอ้เฉพาะ การจดั 

ปฏบิตักิารในงานวจิยันีถู้กออกแบบใหม้ ี2 ส่วนหลกั ส่วนแรกคอืกจิกรรมในหอ้งเรยีน ซึง่แบ่งเป็นกจิกรรมในฐานต่างๆ (rotation 

 station) โดยแตล่ะกจิกรรม นักเรยีนกลุม่เล็ก ๆ จะเวยีนกนัทํากจิกรรมในสถานีย่อยตามการชีนํ้าในเอกสารประกอบ เป็นเวลา 

ฐานละ 10 นาท ีและกจิกรรมกลุ่มนอกเวลาเพือ่ทํางานตามทีไ่ดร้บัมอบหมายใหส้ําเรจ็ หลงัจากทดลองประยุกตใ์ชก้ลยุทธใ์นการ 

จดัปฏบิตักิารเชน่นีเ้ป็นเวลา 2 ปี พบว่ากลวธินีีส้ามารถเพิม่การมสีว่นรว่มของนักเรยีนในช ัน้เรยีนไดอ้ย่างเห็นไดช้ดั การใหเ้วลา 

ทีจ่าํกดัจะชว่ยกระตุน้ใหนั้กศกึษาเรง่รดัและใส่ใจทีจ่ะทําการทดลองแมจ้ะมทีรพัยากรทีจ่าํกดั ส่วนคําแนะนําในการทํากจิกรรม 

ตามเอกสารประกอบน้ันจะชว่ยใหนั้กศกึษาสามารถทํางานไปตามหวัขอ้ทีก่าํหนดได ้นอกจากนีย้งัพบว่าการมอบหมายงานกลุ่ม 

น้ันยงัชว่ยใหท้กุคนมสี่วนรว่มในงานของกลุ่ม โดยเฉพาะอย่างยิง่ การสรา้งสือ่แบบต่างๆ ยงัมสี่วนชว่ยในการส่งเสรมิการทํางาน 

เป็นหมู่คณะของสมาชกิภายในกลุ่มอกีดว้ย 
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their life cycle. However, some regions, including Thailand, 
have limited resources and access to only limited numbers 
of preserved specimens, permanent slides, and microscopes. 
Undergraduate zoology laboratory courses in Thailand are 
often arranged as a lecture with exhibition stations to cope 
with the lack of available learning materials. 

In this traditional setting, student instructions are often 
provided in the form of a laboratory manual and a laboratory 
briefing prior to starting the lab class. After a short briefing, 
students are expected to explore the different stations and 
complete a lab assignment worksheet, on which they report 
individually. Frequently, other activities, such as a lab quiz, 
are implemented at the end of class to motivate students to 
rigorously explore all the stations. Although this setting has 
been widely used in the classroom for decades, it often fails 
to engage the majority of students. It was found that despite 
the rigorous prelaboratory briefing, students still lacked con-
ceptual and procedural understanding of the topic (1, 2). Some 
students were able to develop a conceptual understanding of 
how biodiversity, evolution, and taxonomic classification are 
interconnected, but this understanding was largely dependent 
on the quality of class teaching assistants (TAs) and instructors 
(2). These higher-achieving students often gathered around 
stations where the TA was present and active, while other 
students were at other stations working on their own. Of-
ten, students relied on images of a specimen captured using 
a phone or tablet to complete drawing or sketching assign-
ments rather than studying the actual specimen at the station. 
Sometimes, they used images from the Internet. This negated 
the purpose of the zoological lab class, reducing students’ 
conceptual understanding of the course material. Moreover, 
students also struggled in labs with complex experiments, 

becoming mired in procedural details about the experiment 
rather than developing a conceptual understanding of the 
subject being studied. Finally, when a group project was as-
signed, a few members of the team tended to complete the 
report while the rest of the team remained unengaged in the 
course content and lab activities. 

To address this lack of engagement, we added an inqui-
ry-based aspect to the lab class. It has been widely shown 
that an inquiry-based strategy can help improve student 
engagement and increase student performance in different 
classroom settings (3–7). The guided inquiry process allows 
students to develop their own ideas from different sources 
of information, with only a simple guided instruction from 
the lab instructor or TA. After each individual develops an 
understanding of the topic, ideas and resources are shared 
and developed among peers in small groups to promote 
student engagement in the activity (8–10). Finally, groups 
present their results in various creative ways, such as small 
science projects or group presentations (8–10). Despite 
some advocacy from the government, the implementation 
of inquiry-based learning in science education in Thailand is 
still largely limited, even in schools and institutions where 
resources are abundant (11). Most inquiry-based approaches 
implemented in schools in Thailand are structure-based 
(11). Guided and open inquiries are sometime arranged for 
senior undergraduate students in large universities or for 
gifted students in well-funded schools. One of the major 
concerns in incorporating inquiry-based learning in the 
classroom is the lack of supporting facilities (12). Moreover, 
this type of learning often takes longer to implement. Our 
approach was developed to help maximize the use of limited 
resources to increase student engagement using task-based 

FIGURE 1. Strategic time management for the in-class activities.
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assignments and a time-restricted guided-inquiry learning 
protocol. The tasks were designed to incorporate different 
levels of inquiry-based learning from structured to guided 
to simple open inquiries. From our observations, the time 
restriction significantly helps encourage students to focus 
their attention on specimens and class materials and par-
ticipate in the team effort. Our approach appears to not 
only help actively engage students with the lab activities 
but also promote peer-to-peer communication and team 
work. With some modifications, our laboratory design can 
be beneficial to similarly sample-limited regions in which 
zoological courses are taught. 

PROCEDURE

The strategy was implemented in an undergradu-
ate zoology class of 50 students. Students were in their 
sophomore year, ranging from 18 to 20 years old. Each lab 
class correlated with a preceding instructor lecture in cor-
responding topics. Students were divided into 10 groups of 
five students. Five lab stations were set up to accommodate 
two groups (10 students) at each station. A guided inquiry–
based laboratory assignment was designed to require both 
in-class activities and after-class activities. Both parts of the 
assignment were completed in groups based on the notion 
that cooperative learning helps increase the learning perfor-
mance of students (13, 14). Students worked collaboratively 
to collect data and complete the in-class activity, and the 
group discussed and developed a presentation idea during 
the after-class activity. Often, the presentation incorporated 
media such as movies and infographics. Group assignments 
were due within two weeks of the lab class. 

In-class activities: Time-restricted lab rotation

The guided inquiry–based practical task is designed 
based on the key conceptual idea for each topic and includes 
a variety of activities to ensure the task is both interesting 
and challenging for students (15). The guided instruction 
for in-class activities was planned to train both cognitive 
and psychomotor skills. As the average attention span of 
students has been reported to be around 10 to 15 minutes, 
all the tasks for in-class activities were designed to be com-
pleted within 10 minutes (16). In each task, students were 
allowed to collect data using provided specimens at the 
station table. An alarm signal was used to remind students 
to move to the next station, forcing students in the group 
to participate in activities at each station and encouraging 
active contribution among the team members. To foster 
respect for others and for the materials, students used 
two minutes after the alarm signal to clean up and reset 
their current station before rotating to the next station. 
A question-and-answer session at the end of class enabled 
students to discuss, collect more data, and implement criti-
cal thinking on the more challenging aspects of the task. 
Sample lab stations are shown in Appendix 1.

After-class assignment: Collaborative learning 

To foster a group active-learning experience, after-class 
assignments challenged the students to scrutinize the prob-
lem and find a way to effectively communicate their ideas to 
their peers (8, 14). The in-class team activities were designed 
to be different at every station, ranging from drawing to 
comparing animal structures and forms to capturing images 
for their assignments and answering questions related to the 
topics. The after-class assignments combined the in-class 
stations with student creativity. Free tools such as “Face-
book live” and “Piktochart” (17) were used to make movies 
or infographics to be published online. The format of the 
presentation was left open so individual groups could decide 
how to present the assignment. Impressively, the students 
in the study produced high-quality movies presented in dif-
ferent styles, including conventional voice-narrated shows, 
animation, and stop motion. Samples of these movies are 
available upon request. 

CONCLUSION

After two years of implementation, our lab strategy 
has been found to promote active student engagement in 
zoology classes. Students not only learned about the topic, 
but were also able to organize themselves to work as a 
team. We found that students successfully collaborated and 
distributed tasks among themselves within minutes during 
the in-class time-restricted challenge. The time-restriction 
was essential to encourage contribution from all team 
members. Diverse tasks, such as drawing, experiments, 
and collecting data for presentations, were used during the 
in-class assignments to accommodate the attention span 
of the students. Students quickly leveraged online social 
tools, including Facebook groups, Line, Google Drive, and 
Dropbox, to share resources among the team to complete 
the after-class project. The collaborative nature of the as-
signments helped promote team-building skills within the 
groups of students. Our approach clearly demonstrated 
that the time-restricted guided inquiry could be effectively 
implemented in undergraduate zoology laboratory classes 
to actively engage students in class activities. 

SUPPLEMENTAL MATERIALS

Appendix 1:	� Lab instruction for class about sponges 
and Cnidaria (for TAs & instructors)
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