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Purpose of the study: The purpose of this study was to determine the differences
in scientific attitudes and cognitive knowledge of students between guided
inquiry and direct learning models in practical activities by controlling students'
prior knowledge.

Methodology: This quasi-experimental study employed a Non-Equivalent
Pretest-Posttest Control Group Design. From a population of 88 students, 57
were selected using purposive sampling. Instruments included multiple-choice
tests and Likert scale observation sheets. Data were analyzed using Microsoft

Keywords: ) .
Excel and IBM SPSS 23 with One-Way MANCOVA and Partial Eta Squared
Cognitive Knowledge for effect size.
FO(,)d Tesnng Practlcum Main Findings: The guided inquiry learning model is effective in improving
Guided Inquiry Learning students' scientific attitudes and cognitive knowledge. The average scientific
Prior Knowledge Control attitude of students in the experimental class was 85, compared to 70 in the
Scientific Attitude control class. The average post-test cognitive knowledge score was 75.17 in the
experimental class and 50.93 in the control class. The One Way MANCOVA
test showed significant differences between groups (p = 0.0001; partial eta
squared = 0.840). Partial eta squared is a measure of effect size that indicates the
proportion of variance in the dependent variables explained by the independent
variable. A value of 0.840 suggests a large effect, meaning the learning model
had a strong influence on students’ outcomes.
Novelty/Originality of this study: This study integrates guided inquiry learning
into food testing on the digestive system topic, uniquely controlling prior
knowledge to examine its impact on scientific attitudes and cognitive outcomes,
thus enhancing inquiry-based learning insights.
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1. INTRODUCTION

Scientific attitude is an attitude that has characteristics, namely always wanting to find out how the
environment is, having an open mind to all views, and having the belief that there will be consequences and causes
for every event. Scientific activities can train students to have elements of scientific attitudes such as, polite
attitudes, daring to ask questions, giving opinions, having curiosity, being sensitive to the environment, a spirit of
cooperation, being open to each other, being careful, diligent, creative, liking innovation, always being critical in
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thinking, disciplined, objective and having a very high work ethic [1], [2]. These elements are closely linked to
character education because the attitudes developed through science learning are also reflected in an individual's
character [3], [4]. Science education in schools provides opportunities for teachers to help shape these positive
character traits in students [5]-[7]. Science learning carried out in schools can be an activity that helps teachers
shape students' character [8], [9].

Character education embedded in the curriculum aims to improve educational outcomes and the quality
of the learning process. The goal is to foster noble morals and balanced, integrated character aligned with the
Graduate Competency Standards for each educational unit [10], [11]. The curriculum encourages students to
observe, ask questions, and reason based on the knowledge they have acquired [12], [13]. Through a competency-
and character-based curriculum, students are expected to use their knowledge actively while internalizing and
personalizing values such as noble morals and integrity, which are reflected in their daily behavior.

Students with a strong scientific attitude tend to think fluently during the learning process and show a
strong commitment to success, excellence, and motivation to excel academically [13], [14]. Scientific attitude is
also crucial in everyday community life because it fosters decision-making based on rational considerations [15],
[16]. Therefore, developing students’ scientific attitudes significantly influences learning achievement, especially
in biology [17], [18]. Monitoring the development of scientific attitudes requires observation based on specific
indicators, often through scientific activities such as environmental observation and laboratory practicums [19],
[20].

In practicum activities, students must apply scientific methods to demonstrate scientific attitudes.
Practicums aim to allow students to test and apply theories using laboratory tools, thus enhancing their conceptual
knowledge, scientific method skills, and scientific attitudes [21], [22]. Effective practicum implementation
requires appropriate models or procedures that engage students actively in observation, investigation, questioning,
data collection, and communicating their findings [23], [24]. Learning models during practicum activities help
students discover and solve problems, thereby fostering their scientific attitudes [25], [26].

The ultimate goal of any learning process is to achieve learning outcomes, which include changes in
attitudes, skills, habits, knowledge, understanding, and appreciation. These outcomes are often categorized into
cognitive (concept understanding), affective, and psychomotor (process understanding) domains [27], [28].
Students who achieve satisfactory learning outcomes demonstrate higher grades and visible engagement in the
learning process. Success in learning depends on developing both knowledge and attitudes [29]-[31].

In the last five years, many studies have examined the effectiveness of guided inquiry learning models in
improving scientific attitudes and student learning outcomes. For example, Rahmawati et al. [32], found that
guided inquiry significantly improved students' science process skills, although it did not significantly interact
with scientific attitudes. Similarly, Simbolon and Juniar [33], reported that guided inquiry was more effective than
direct learning in enhancing science process skills and learning outcomes in thermochemistry. However, most
studies focus primarily on cognitive skills and science processes, with less attention to the overall impact of
learning models on students' scientific attitudes. Furthermore, research that controls for students' prior knowledge
when comparing guided inquiry and direct learning models remains limited.

This study addresses these gaps by evaluating differences in students' scientific attitudes and cognitive
knowledge between guided inquiry and direct learning models during practicum activities, while controlling for
prior knowledge. It aims to contribute to a more comprehensive understanding of how learning models affect
scientific attitudes and learning outcomes holistically. This study is novel in its integrated approach, examining
both learning models' effects on scientific attitudes and cognitive knowledge while considering prior knowledge
variables. Previous research has often focused separately on cognitive outcomes and science process skills without
adequately exploring how prior knowledge influences these results, especially regarding scientific attitudes [34],
[35].

Additionally, the use of practical activities as a medium for developing scientific attitudes through guided
inquiry has not been thoroughly studied. Therefore, this research offers a holistic and targeted approach by
combining scientific methods, learning models, and prior knowledge roles in shaping scientific attitudes and
improving student learning outcomes, particularly in science subjects. The purpose of this study was to determine
the differences in students' scientific attitudes and cognitive knowledge between guided inquiry and direct learning
models in practicum activities, controlling for prior knowledge.

2. RESEARCH METHOD

This study employed a quasi-experimental design with a Non-Equivalent Pretest-Posttest Control Group
Design to investigate the effect of guided inquiry versus direct learning models on students' scientific attitudes and
cognitive knowledge, while controlling for students' prior knowledge. The independent variable was the learning
model (guided inquiry and direct learning), the dependent variables were scientific attitudes and cognitive
knowledge, and the covariate was students' initial knowledge before treatment.
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The population consisted of 88 eleventh-grade students from three classes at State Senior High School 8
Muaro Jambi in the 2024/2025 academic year. A purposive sampling technique was applied to select 57 students
from two classes that met the criteria of similar learning conditions and no class divisions based on ability. One
class (Phase F.3) served as the experimental group receiving the guided inquiry model, while the other (Phase F.2)
was the control group using direct learning.

Data were collected using a multiple-choice test (20 items) to assess cognitive knowledge and a Likert-
scale observation sheet (56 items) to measure scientific attitudes. The test reliability was high (a = 0.89), and
observations were conducted by five trained observers during natural classroom activities.

Table 1. Scientific attitude observation sheet grid
No. Dimension Indicators
1. Enthusiastic in seeking answers.
2. Pays attention to observed objects.
3. Shows enthusiasm for scientific processes.
4. Plans each step of the activity.
1. Objectivity.
2. Does not manipulate data.
3. Free from prejudice.
4. Makes decisions based on facts.
5. Does not mix facts with opinions.
1. Proposes temporary findings.
2. Expresses every new change or discovery.
3. Repeats conducted activities.
4. Does not easily accept facts, even minor ones.
1. Uses facts as a basis for conclusions.
2
3
4
5
6
1
2
3
1
2
3
4
5

1. Curiosity

Respect for Data and
Facts

3. Critical Thinking

. Presents reports differently from classmates.

. Responds to facts with different perspectives.

. Uses tools in an unconventional way.

. Designs new experiments.

. Draws new conclusions based on observation.

. Continues research even after the “truth” is unclear.

4.  Discovery and Creativity

Perseverance and

5. Dilicence . Repeats experiments despite failures.
& . Completes activities even when peers finish earlier.
. Appreciates others’ opinions.
Open-mindedness and . Willingly chang§s opinions if data is lacking.
6. . Accepts suggestions from peers.

Cooperation . Does not always feel they are right.

. Shows enthusiasm for alternative analyses.

The data analysis technique of this research uses descriptive and inferential statistics. First, the data
analysis of the scientific attitudes of students in the experimental class and control class, the categories or levels
of student scores are presented in the following table 2:

Table 2. Scores and levels achieved by students
Score (%) Level
0%—-20% Very Weak
21%—-40%  Weak
41%-60%  Fair
61%—-80%  Strong
81%—-100% Very Strong

The implementation of the syntax of the learning model is obtained from the results of observations during
learning. The data obtained are analyzed using the formula:

__ Many steps have been taken

K

x100%  ...(1)

Total number of steps

The results of the percentage calculation are analyzed to determine the criteria for the implementation of
the syntax of the learning model. These criteria can be seen in Table 3.

Table 3. Criteria for the implementation of learning models
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Percentage (%) Description
75 <K <100 Very Good
50<K <75 Good
25<K<50 Fair
0<K<25 Poor

Data analysis included descriptive statistics and inferential statistics using Microsoft Excel and IBM
SPSS 23. To test the hypotheses, a one-way Multivariate Analysis of Covariance (MANCOVA) was conducted.
MANCOVA was chosen because it allows simultaneous examination of differences between groups on multiple
interrelated dependent variables (scientific attitudes and cognitive knowledge) while statistically controlling for
the covariate (initial knowledge) [36], [37]. This approach increases the accuracy of estimating the effect of the
learning model by adjusting for prior differences between groups. The main multivariate test used was Wilks'
Lambda; a significance level below 0.05 indicated meaningful differences between groups after controlling for the
covariate. Additionally, effect size was reported using Partial Eta Squared to measure the proportion of variance
in dependent variables explained by the independent variable, providing insight into the practical significance of
the findings.

3. RESULTS AND DISCUSSION
3.1. Results of Observations on the Implementation of Learning Models

During the study, the observer also observed the learning implementation process in the experimental and
control classes. Observation aims to observe the implementation of each syntax in the learning model applied in
the experimental and control classes. Whether or not each syntax in the learning model is implemented is observed
and written on the observation sheet. Observations were carried out by five biology education students who acted
as observers. The research data is presented in the form of quantitative data by giving a score (1) if the syntax is
implemented well and (0) if the syntax is not implemented or not implemented well. The data is processed and
presented in the form of a percentage. Data from the observation results will be analyzed by calculating the
percentage of learning implementation in both classes. Data from the results of learning observations in the
experimental and control classes can be seen in Table 4:

Table 4. Implementation of the Learning Model

No Experimental Class Control Class

" Percentage (%)  Criteria  Percentage (%)  Criteria
1 100 Very Good 100 Very Good
2 100 Very Good 100 Very Good

Based on Table 4, the percentage of implementation of the learning model in both the experimental and
control classes was obtained very well with a percentage of 100%, indicating that every syntax in the learning
activity could be implemented optimally.

3.2. Scientific Attitude Data

Data on students' scientific attitudes were obtained through observations made by five observers during
the learning process. Observations were conducted twice in both the experimental class and the control class based
on the number of learning meetings. Assessment of students' scientific attitudes was conducted using a Likert
scale, with categories: (4) Always; (3) Often, (2) Sometimes, (1) Never. Based on the results of the observations,
the average value of students' scientific attitudes in the experimental class was 85 and the average scientific attitude
in the control class was 70. The average scientific attitudes of students are shown in Figure 1.
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Figure 1. Average Scientific Attitude

3.3. Student Knowledge (Cognitive) Data

Student knowledge (cognitive) data was obtained from the average pre-test score and the average post-
test score. The pre-test was given to the experimental class and the control class before being given treatment, to
determine students' initial knowledge and the post-test was given after being given treatment to determine the
effect of the treatment that had been given on students' final knowledge. Based on the results of the pre-test and
post-test, the average pre-test score of the experimental class and the control class was 37.17 and 38.33. While the
average post-test score of the experimental class and the control class was 75.17 and 50.93, it can be concluded
that the average experimental class was higher than the control class. The average student knowledge (cognitive)
score is shown in Figure 2.
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Figure 2. Average Knowledge (Cognitive) of Students

3.3. One Way Mancova Analysis Test

Linearity between dependent variables in each group of independent variables and Linearity between
covariates and dependent variables, in each group of independent variables. Scatter plots are generated to analyze
the linearity of the relationship between dependent variables in each group of independent variables. The scatter
plot results show that the dependent variables show a linear relationship, both in the experimental class and in the
control class. The significance value is compared with alpha in other tests using 0.05, and specifically for the
homogeneity of the variance-covariance matrix, a very small alpha of 0.001 can be used. The resulting Box's M
value is 4.619 (p = 0.218). Because the significance value of 0.218> 0.001, it can be concluded that there is
homogeneity of the covariance matrix between groups or can be assumed to be the same as the record of
determining Box'M> 0.001.
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The homogeneity of the regression slope in each dependent variable is obtained by the p value = 0.064
scientific attitude and knowledge variables in the interaction of independent variables and covariant> 0.05. If the
sig.>0.05 then the assumption of the slope of the regression line is homogeneity or fulfilled. Multivariate Normality
Test on residual data using the Saphiro-Wilk Test was carried out to analyze the normality of the residual data of
scientific attitude and knowledge variables. The results of the analysis inform that the residual data of the
knowledge variable [W(df 57)=0.991, p=0.943] is normally distributed. Residual data is normally distributed if
the sig.>0.05. However, the residual data of the scientific attitude variable [W(df 57)=0.820, p=0.0001] is not
normally distributed because the sig.30 sample value is considered normal in the calculation operation involving
regression, because the normality test is intended for data that has a small sample, so that data with a large sample
is considered normal.

The fulfillment of the assumption test in this study can be continued with the One Way Mancova
hypothesis test. The One Way Mancova test is a covariance analysis in which at least two dependent variables are
measured simultaneously to test whether there is a difference in treatment of the dependent variable group adjusted
for the influence of the covariate variable. Hypothesis testing using the One Way Mancova test to find out data
from students, namely scientific attitude data and knowledge (cognitive) towards classes that use practicums with
the Guided Inquiry model and classes that use practicums with the Direct learning model by controlling students'
initial knowledge (covariates). The One Way Mancova test is used to answer problem formulations one, two, and
three using the help of Microsoft Excel and SPSS 23. The results of the Tests of Between Subjects Effects test can
be seen in table 5.

Table 5. Test results of Tests of Between Subjects Effects univariate test

Dependent Type III Sum of Mean . Partial Eta
Source Variable Squares df Square F Sig. Squared
Model Scientific Attitude 3379.712 1 3379.712  244.513 .000 .819

Knowledge 8852.525 1 8852.525 67.769 .000 557

The results of the Test of Between-Subjects Effect can be seen in the univariate effect of the model row
which shows that there is a significant difference in scientific attitudes with learning models in practicum activities,
with a significant difference in scientific attitudes, namely [F (1, 54) = 244.513, p = 0.0001, partial eta square =
0.819]. So it can be concluded that by considering the pre-test scores (covariates) of students, the learning model
in the practicum class has an effect on students' scientific attitudes. The effect of size using the Partial Eta Square
effect size because it is appropriate for the F test, namely 0.819> 0.14 (Large Effect) then it can be concluded that
the effect is large. In the same way, it can be concluded on knowledge (cognitive) with significance [F (1, 54) =
67.769, p = 0.0001, partial eta square = 0.557].

So it can be concluded that by considering the pre-test value (covariate) of students, the learning model
in the practicum class has an effect on students' knowledge (cognitive). The effect or not of treatment on the
dependent variable is seen from the sig. <0.05 value. The large or small effect using the Partial Eta Square effect
size because it is appropriate for the F test, namely 0.557>0.14 (Large Effect) then it can be concluded that the
effect is large. Furthermore, for the differences in scientific attitudes and knowledge of students who received
practicum treatment with a guided inquiry model and practicum with a direct learning model after controlling for
initial knowledge, it can be answered using the Tests of Between Subjects Effects with the help of SPSS 23. The
results of the Tests of Between Subjects Effects test can be seen in table 6.

Table 6. Results of Tests of Between-Subjects Effects (Multivariate Test)

Effect Value F Hypothesis df Error df Sig. Partial Eta Squared
Model — Pillai’s Trace .840  138.819° 2.000 53.000 .000 .840

— Wilks’ Lambda 160  138.819° 2.000 53.000 .000 .840

— Hotelling’s Trace 5.238 138.819® 2.000 53.000 .000 .840

— Roy’s Largest Root  5.238 138.819" 2.000 53.000 .000 .840

The results of the Between-Subjects Effect test can be seen in the multivariate effect of the model row
which informs that there is a significant difference in the scientific attitudes and knowledge of students who receive
practical treatment with a guided inquiry model and practical work with a direct learning model after controlling
their initial knowledge [F (2, 53) = 138.819, p = 0.0001; Wilks Lambda = 0.160, partial eta squared = 0.840. The
effect or not of the treatment on the dependent variable is seen from the sig. value. <0.05 which means HO is
accepted. So it can be concluded that the learning model has an effect on students' scientific attitudes and
knowledge (cognitive). The large or small effect using the Partial Eta Square effect size because it is appropriate
for the F test, namely 0.840> 0.14 (Large Effect) then it can be concluded that the effect is large.
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This finding is in line with research by Sidiq et al.[38], who developed the GIReSiMCo model based on
guided inquiry. The study found that this model significantly improved students' science process skills and
cognitive learning outcomes compared to the regular inquiry model and conventional learning. In addition,
research by Kang [39], showed that inquiry-based learning helps students understand science content, master
scientific skills, and understand the nature of scientific knowledge. Furthermore, Hofstein et al. [40], highlights
the importance of integrating inquiry teaching with an understanding of the nature of scientific inquiry, which
requires a high level of self-efficacy from teachers.

Thus, the results of this study strengthen the evidence that the guided inquiry learning model has a
significant and large influence on improving students' scientific attitudes and knowledge. The use of this model in
science practicums can be an effective strategy to improve the quality of learning and student learning outcomes.
This study presents a novelty by integrating the guided inquiry learning model in the context of food testing
practicums on the digestive system material, which has previously been rarely applied systematically at the senior
high school level phase F. By controlling students' prior knowledge, this study statistically shows that the guided
inquiry model not only improves cognitive knowledge, but also significantly shapes students' scientific attitudes
simultaneously.

The implications of these findings are very important for educators and educational policy makers,
because they show that a guided inquiry-based approach is worthy of being adopted as an effective active learning
strategy in biology practicum activities. However, this study has several limitations, including the limited sample
size which was only taken from one school and within a certain scope of material, so that generalization of the
results to a wider population still requires further studies with a more diverse scope of material, education level,
and student background.

4. CONCLUSION

This study concludes that the guided inquiry learning model significantly improves students' scientific
attitudes and cognitive knowledge on the digestive system material in the eleventh grade Phase F at State Senior
High School 8 Muaro Jambi. The statistical test results showed a significant difference between the experimental
and control groups after controlling for students' initial knowledge, with a partial eta squared value of 0.840
indicating a large effect. Therefore, the use of the guided inquiry learning model in practical activities is proven to
be more effective than the direct learning model in developing scientific attitudes and enhancing students' cognitive
understanding. The application of the guided inquiry model in practicum activities can serve as an alternative
learning strategy capable of simultaneously fostering scientific attitudes and improving student learning outcomes.
Further research is recommended to examine the effectiveness of the guided inquiry model across different
educational levels, subjects, and materials by involving a larger sample to allow for more comprehensive
generalization of the results.
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