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Abstract:  This study examines student responses upon the implementation of 
Biochemistry Laboratory Manual which focused on science-economics. The 
manual was implemented on Biochemistry poracticum classes for 3 consecutive 
schedules. Students' cognitive, affective, and psychomotor learning outcomes 
were recorded that implies their responses to the topic. Validated questions and 
questionnaires were used and were administered before the first and after the 
third round of practicum classes. Data analysis employed Student T-tests. It was 
revealed that the implementation of the Laboratory Manual moderately 
enhances biochemistry learning achievements (N-Gain) and the students 
responded positive and very positive toward the topic at 80% and 18% 

respectively. 
  
Keywords: Economic Prospects; Implementation; Laboratory Manual; Lipase;  
Practicum 

  

 

Introduction  
 

Practicums have been proven to have a positive 
effect on teaching and learning achievements, including 
physical skills, thinking skills, science process skills, and 
understanding of concepts, where classes with 
practicums are superior in understanding concepts 
compared to control classes (Shana & Abulibdeh, 2020). 
Scientific process abilities, intellectual skills and social 
abilities also develop with practicum (Yulianingsih, 
2017). Lee & Sulaiman (2018) reported that practicum 
classes showed better interest in learning physics 
compared to non-practicum classes. The implementation 
of guided inquiry-based practicum instructions 
increased scientific work skills with a high N gain 
category (Widyaningrum & Wijayanti, 2019). From those 
reasons, therefore, practicum has important role in 
enhancing learning achievement, particularly for 
subjects that are perceived abstract and difficult bay 
students, such as Biochemistry subject.  

One of the outcomes of PNBP 2020 research at FKIP 
Unram is the teaching materials in this case practical 
instructions (Laboratory manual). The manual topic was 
about lipase enzymes that was chosen among others due 
to lipase has economic prospect as the demand is 
increasing annually either globally or locally. This 
increase is because lipase can be applied in various 
industries, so its market share is very broad and very 
large. The increasing demand for enzymes occurs in line 
with the level of public awareness toward 
environmental issue, switching the use of unfriendly 
industrial processes such as the use of high 
temperatures, high pressure and dangerous chemicals 
into enzymatic industrial processes that is 
environmentally friendly (Hamid et al., 2022; Mesbah, 
2022).  

These prospects and opportunities need to be 
disseminated to the younger generation, especially 
students who will face an increasingly competitive 
situation. This practicum with an economic prospect that 
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may give an insight about opportunities supports the 
Independent Campus Program (Program Kampus 
Merdeka), one of which is entrepreneurship. The 
General Directorate of Higher Education (Ditjen Dikti) of 
the Ministry of Education and Culture shared 
knowledge and ideas as an effort to restore our economy 
and future particularly for young people due to the crisis 
caused by the Covid-19 pandemic so that they can 
rebuild the economy in Indonesia and create changes. 
Practicum using the laboratory manual may 
disseminated the insight to the younger generation, 
especially for those who are interested to do business in 
the field. 

Lee & Sulaiman (2018) reported that the control 
class had lower interest, understanding, and enthusiasm 
for the subject than the treatment class, therefore 
through practicum interest, enthusiasm and 
understanding can be built. If we expect students are 
interested on entrepreneurship, therefore practicum 
class must provide topics that economically prospective 
and provide the related skills. By implementing the 
Laboratory Manual Outcome from PNBP 2020 research, 
students are given a direct experience the processes 
leading to enzyme production, so it is hoped that skills 
will be obtained that can foster their confidence to try in 
the future (Gallou et al., 2023). The question is however, 
how effective is the implementation of such laboratory 
manual for such purpose?  

This research was conducted to reveal student’s 
responses toward science-economic topic instructed 
within the Laboratory Manual and if the implementation 
contributes to learning outcomes in Biochemistry subject 
particularly on lipid degradation. The responses in this 
experiment refers to learning outcomes in terms of 
cognitive, affective and science processes that implied 
their interest to the topic.  

 
Method  
  

This study utilized a quasi-experimental design 
involving students who attended the Biochemistry 
lecture at the Biology Education Faculty of Teacher 
Training and Education (FKIP) at Mataram University in 
the year 2022. The study included a total of 6 classes as 
subjects consisted of 130 students. 

The assessment tools included questions designed 
to evaluate students' cognitive achievements and a 
questionnaire to assess their affective and process 
science skills; where cognitive and affective aspect may 
reflex the enthusiasm toward such topic. Both tools were 
validated using validation program available on excel 
accordingly. 

The cognitive achievement assessment comprised 
20 questions to gauge their understanding of lipid 

degradation. Following validation using an Excel-based 
validation program, one question was found to be 
invalid and subsequently removed. Data was collected 
through pretests and posttests. To determine if there 
were any significant differences between the posttest 
and pretest results, the data was analyzed using the 
Student's T-test, which is also available in Excel. 
Cognitive achievement was measured using N-Gain, 
calculated using the following Formula 1. 

 

𝑁 − 𝑔𝑎𝑖𝑛 =
Post test score−Pretest score

𝑆𝑐𝑜𝑟𝑒 𝑀𝑎𝑥𝑖𝑚𝑢𝑚−𝑃𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
  (1) 

 
The questionnaire instrument utilized a Likert scale 

(5-point scale) to assess students' enthusiasm and 
interest in the practical class topic, as well as their 
scientific processes. It contained 33 items, three of which 
were deemed invalid based the validation program and 
removed. Data collection took place at the final round of 
the practical class, which consisted of three rounds.  
 
Result and Discussion 

 
The research conducted on the Cognitive Student’s 
Achievement upon Implementation of Laboratory Manual 
Outcome of PNBP 2020 yielded significant findings 

 

 
Figure 1. Pretest and Posttest of entire population (6 classes) 

 
The cognitive achievement after 3 rounds of 

practicum was calculated from the value of pre-test and 
that is presented in Figure 1 and Table 1. The pretest 
scores are relatively high, ranging from 55.45 to 79.9 
across the six classes with the average of 64.33. After the 
implementation of the laboratory manual, there was a 
noticeable improvement in student performance. Post-
test scores ranged from 71.25 to 77.9 across the six 
classes, with an overall average of 77.29. This suggests a 
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substantial increase in cognitive achievement following 
the implementation of the Laboratory Manual. 

 
Tabel 1. Pretest and Post Test Score of every class 
Class Pretest Post tset 

Min Max X̅ Min Max X̅ 

A 50.0 85.0 67.2 70.0 95.0 79.4 
B 55.0 90.0 70.8 60.0 95.0 82.9 
C 40.0 85.0 68.7 70.0 85.0 79.7 
D 25.0 80.0 57.0 45.0 85.0 71.3 
E 40.0 75.0 55.5 45.0 95.0 71.5 
F 50.0 80.0 66.7 70.0 95.0 79.0 

X̅ 43.3 82.5 64.3 60.0 91.7 77.3 

 
The pretest and post-test data underwent statistical 

analysis using the Pair Student T Test. The results 
revealed a highly significant difference between the 
pretest and post-test scores, with a p-value of 0.00011 (a 
= 0.05). This indicates that the improvement in scores 
was not due to chance but rather a result of the 
intervention. 

The increase in cognitive achievement is 
quantified as N-Gain score. The proximity of pretest and 
posttest scores undoubtedly influences the N-Gain 
achieved. Table 2 presents the N-Gain scores for each 
class. The N-Gain scores range from 0.31 to 0.46, with 

overall average of 0.37 for the entire population. 
According to Hake (1999) categorization, this score 
places the N-Gain in the moderately high range. 

However, based on Meltzer & David (2002) 
classification, it falls into the ineffective category. Table 
3 and Table 4 present the distribution of N-Gain scores 
for each class according to both categorizations. This 
seemingly low N-Gain scores can be attributed to the 
moderately high pretest scores. Since practical classes 
typically follow theoretical class, students already 
possess some knowledge about lipase from lecture 
discussions. This familiarity with the topic likely 
contributed to the lower N-Gain achievement. 

 
Tabel 2. Student’s N-Gain of each class 
Test Class score �̅� 

(%) A B C D E F 

Pretest 67.3 70.8 68.7 55.3 66.7 64.3 66.8 
Posttest 79.6 82.9 79.6 71.3 70.8 77.2 76.9 
N-Gain  0.37 0.46 0.38 0.31 0.4 0.37 0.37 

±  
0.06 

 
In the case of the Biochemistry class, the N-Gain 

score is understandable given the inherent challenges of 
the subject. Biochemistry involves complex concepts, 
such as molecular structures, metabolic pathways, and 

enzyme functions and their mechanism, which students 
often find difficult to comprehend. Previous research 
(Bukhari & Nasruddin, 2019; Juwita et al., 2023; Lang & 

Bodner, 2020; Salame et al., 2022) has highlighted the 
struggles students face in grasping abstract biochemical 
principles. Additionally Elhousni et al. (2022); Hasanah 
& Ansyah (2022) suggested that memorization and 
assimilation of biochemistry concepts require highly 
structured thinking (Dewi, 2021; Mowbray et al., 2021). 
Therefore, the N-Gain score resulting from this 
experiment is reasonable, especially considering the 
practical nature of the classes following lecture sessions. 

 
Tabel 3. The Distribution N-gain of each category based 
on Hake (1999) Category 
Category  
Class  

Class �̅�  

A B C D E F  (%) 

Ineffective   51 35 69 58 9 56 46 
Less 
effective 

38 42 26 42 59 25 39 

Faily 
Effective 

11 21 5 0 32 19 15 

Effective 0 0 0 0 0 0 0 

 
Based on these findings, it can be interpreted that 

the implementation of the Laboratory Manual Outcome 
of PNBP research 2020 led to a significant enhancement 
in cognitive student achievement. This conclusion is 
further supported by a previous report by Shana & 
Abulibdeh (2020), which found differences in 
achievement between classes with and without practical 
components, and Sikumbang et al. (2020) suggest that 
practicum facilitated student’s concept understanding. 

 
Tabel 4. The distribution N-Gain (%) of each category 
(Meltzer & David, 2002) 
Category  
Class 

  Class    𝑋(̅̅ ̅%) 
A B C D E F 

Low 51 35 58 69 9 56 46 
Moderate 38 42 42 26 59 25 39 
High 11 21 0 5 32 19 15 

 
Overall, the study provides strong evidence 

supporting the effectiveness of incorporating the 
laboratory manual outcome into the practical class for 
improving student cognitive achievement. This has 
implications for educational practice and underscores 
the importance of practical, hands-on learning 
experiences in enhancing student learning outcomes.  

 
Affective Responses of Students to the Implementation of the 
Laboratory Manual Outcome of PNBP 2020 Research  

Numerous factors influence learning achievements, 
such as personal integrity, family background, 
preferences towards the topic and or to the teacher, as 
well as future orientation. The Laboratory Manual 
Outcome of PNBP 2020 research focuses on practical 
topics with economic prospects, providing insights for 
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student’s post-graduation. Specifically, the practical 
class focused on lipid degradation, particularly lipase, 
involving activities such as screening lipid-producing 
microbes, detecting lipase activity, and selecting 
microbes based on specific characteristics like their 
optimum growth and enzyme activity on pH and 
temperature (Jahn et al., 2020). 

The affective condition of students following the 
practical class was assessed, encompassing their 
enthusiasm and curiosity towards the topic, as well as 
their discipline, honesty, and responsibility. The results 
of this assessment are presented in Table 5. 

The Table illustrates that students responded 
positively in terms of their affective aspects, with overall 
(6 classes) at average score of 78 indicating a good overall 
affective response. Their enthusiasm and curiosity also 
scored well, with an average of 74. These results suggest 
that students responded positively to the 
implementation of the Laboratory Manual. The 
cultivation of student enthusiasm, honesty, 
responsibility, and discipline is crucial for educational 
achievements. While it is challenging to attribute these 
aspects solely to the implementation of the Laboratory 
Manual, the enthusiasm and curiosity towards the topic 
might be attributed to it.  

 
Tabel 5. Affective student response upon the 
implementation of Laboratory Manual Outcome of   
PNBP 2020 of the whole population. 
Aspect �̅� (6 classes) Category 

Antusiasm 
Quriousity 
Honousty 
Discipline 
Responsibility 
�̅�  

74 
74 
85 
74 
83 
78 

Good 
Good 

Very good 
Good 

Very good 
Good 

 
While affective aspects develop over human 

lifetime and influenced by various factors, nevertheless, 
Table 5 indicates that students exhibited positive 
affective characteristics, including honesty, discipline, 
and responsibility. They displayed enthusiasm and 
curiosity towards the economically prospective topic of 
lipase.  

 
Student's Scientific Process Assessment following the 
Implementation of the Laboratory Manual Outcome of PNBP 
2020 Research 

The data collected from questionnaires regarding 
students' scientific processes are presented in Table 6. 
This assessment encompasses their proficiency in 
observation, equipment usage, data interpretation, and 

articulation. Table 6 demonstrates that students scored 
well in scientific processes, with an average score of 
79.75 falling within the "good" category. 

Tabel 6. Student’s Process Science Skill of each class after 
The Implementation of PNBP 2020 Research 
Aspects Observed Score Category 

Observation 97 Very good 
Operating Equipment  71 Good 
Interpretation 73 Good 
Articulation/communicate 78 Good 

𝑋 score 79.75 Good 

 
This finding is consistent with a study by Aulia et 

al. (2023), which also observed that classes with practical 
components achieved higher scores in terms of process 
science performance compared to classes without 
practical components. This finding also in line with 
report by Walil et al. (2021) that practical-based inquiry 
learning enhanced not only on cognitive but also on 
process science skill, though that research applied 
practicum-based inquiry learning. While Rini & Aldila 
(2023) report that lack of  training of  students in  direct 
experience  makes students' science  process  skills less 
developed which affects their critical thinking skills.  

Combining all the findings from the student 
responses, it is evident that the implementation of the 
Laboratory Manual in practical classes enhances 
cognitive achievement. The assessment of affective and 
scientific processes post-implementation indicates that 
students exhibit enthusiasm and curiosity towards 
economically prospective topics (Reyes et al., 2024). 
Additionally, they demonstrate good affective attitudes 
and proficient scientific processes (Chan & Lay, 2021; 
Fortus et al., 2022). Diagram 2 illustrates that 81.6% of 
students provided good responses, while 18.6% gave 
very good responses. Only 1.4% responded fairly to the 
implementation of the Laboratory Manual Outcome of 
PNBP 2020 research. This suggests that the Laboratory 

Manual is suitable for application in practical classes, as 
it not only supports cognitive achievement but may also 
enhances affective and scientific process skill 
performance. Moreover, it provides new insights into 
the link between science and economic prospects. 

   

Conclusion  

 
From the results and discussion, it can be concluded 

that the implementation of the Laboratory Manual 
Outcome of PNBP 2020 supports the achievement of 
learning outcomes in the Biochemistry course. In terms 
of cognitive aspects, the average N-Gain of 0.37 falls 
within the moderate category. The aspect of process 
skills yielded an average score of 80, indicating a good 
category, while the affective aspect garnered an average 
score of 78, also classified as good. Furthermore, 80.6% 
and 18.60% of students respectively responded 
positively and very positively to the implementation of 
the laboratory manual instructions. 
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