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 The present study aims to examine the implementation of a stepwise inquiry 
approach to improving communication skills and scientific attitudes. Stepwise 
inquiry comprises structured inquiry, guided inquiry, and open inquiry. The 
variables measured were communication skills and scientific attitudes. The 
construct used to measure communication skills involved written, verbal, and 
social communication skills, along with scientific attitude indicators including 
curiosity, openness of mind, objectivity, honesty in reporting results, responsibility, 
and mutual respect. The design of the study employed a posttest-only control group 
design with an experimental class of 20 students and a control class of 21 students. 
The effect of stepwise inquiry implementation was analyzed using MANOVA. The 
results reveal that the classes implementing stepwise inquiry had higher scores for 
communication skills and scientific attitudes than those undertaking expository 
approaches. The implementation of stepwise inquiry significantly affects the scores 
of scientific communication and attitude skills based on MANOVA analysis. The 
involvement of students independently in the investigation process increases their 
ability to construct knowledge and build arguments, in addition to increasing their 
motivation for learning. This established motivation enables the formation of 
positive attitudes, such as scientific attitudes, in the students. 

Keywords: biochemistry, communication skills, inquiry, laboratory work, scientific 
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INTRODUCTION 

Current learning not only requires students to be able to remember concepts but must 
also be capable of training students in the skills required for their future needs. Verbal 
and written communication are two skills that students need to master as an indicator of 
their readiness to face life (Saavedra & Opfer, 2012; Wagner, 2008, p. 5). 
Communication skills are important not only for training critical thinking skills but also 
for building long-term concepts (Reynolds et al., 2012). 

Laboratory-based learning is one method suited to training in many skills, especially 
direct practices and communication skills (Anwar et al., 2018; Bramer & Bastin, 2013; 
Burnham, 2013; Carr, 2013). There are four types of laboratory-based learning, namely 
expository, inquiry, discovery, and problem-based. This type of learning is divided into 
three descriptors, namely outcome, approach, and procedure (Johnstone, 2006). The 
descriptors for each type of laboratory-based learning are shown in Table 1. 

Table 1 
Descriptors for Laboratory Instruction Styles 

No. Type 
Descriptor 

Outcome  Approach Procedure 

1. Expository Predetermined Deductive Provided 
2. Inquiry Undetermined Inductive Student generated 
3. Discovery Predetermined Inductive Provided 
4. Problem-based Predetermined Deductive Student generated 

The chemistry curriculum in higher education stipulates laboratory work as a place to 
develop students’ ideas and thought processes as a whole. Laboratory work is carried 
out not solely to improve psychomotor skills but also to enhance problem-solving ability 
and help to develop student attitudes (Mbajiorgu & Reid, 2006). This requires the 
development of learning-based laboratory work capable of providing greater 
opportunities for students to study investigations in the laboratory, with more support 
(Holbrook & Rannikmae, 2007). 

The facts in the field indicate a range of problems associated with the implementation of 
laboratory work in higher education. Laboratory work remains dominated by expository 
methods, which means it has not been effective in the training of critical thinking skills 
(Anwar et al., 2017a). In addition, laboratory work has not been developed with the aim 
of training student communication skills (Anwar et al., 2017b). 

Laboratory-based learning in higher education would thus be more effective if the 
tendency for it to be dominated by expository methods was removed (Monteyne & 
Cracolice, 2004; Reid & Shah, 2007; Sigler & Saam, 2007). More students would be 
provided with the opportunity to prepare an investigation process enabling them to 
understand the procedures required for the examination (Ginger et al., 2012; Limoto & 
Frederick, 2011; Tsaparlis & Gorezi, 2007). One approach that can be applied to the 
training of student skills is the inquiry approach (Cacciotore & Sevian, 2009; Fakayode, 
2014).  
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Inquiry is related to constructivism theories that describe the constructs of knowledge 
that are built and tested so that they are feasible to apply (Johnstone, 2006). The ability 
of students to construct knowledge can lead to new understandings that help them build 
relationships between concepts. In addition, inquiry activities can develop students’ 
motivation to learn and improve their scientific attitudes (Ketpichainarong et al., 2010). 
The inquiry approach is highly suited to courses that involve laboratory work as part of 
the learning process. 

Inquiry is divided into four levels, namely verification (level 0), structured inquiry (level 
1), guided inquiry (level 2), and open inquiry (level 3) (Fay et al., 2007). The use of 
open and guided inquiry has been reported to be able to improve student understanding 
in chemistry learning (Allen et al., 1986; Bartholow, 2007; Conway, 2014; Johnson & 
Graham, 2015; Rens & Schee, 2009; Sedwick et al., 2018; Winkelmann et al., 2015; Xu 
& Talanquer, 2013). However, the direct application of guided and open inquiry may 
make students uncomfortable because they are accustomed to conducting investigations 
with procedures as directed by lecturers (Chatterjee et al., 2009; Cheung, 2011). Up to 
now, the use of inquiry in stages has not been widely reported, especially in the context 
of biochemistry learning in higher education. 

Communication Skills 

Communication skills are defined as a person’s ability to provide information that is 
easily understood by others (Iksan et al., 2012; Khan et al., 2017). They can also be 
defined as the ability to deliver and give information, and as speaking and writing ability 
(McCroskey & McCroskey, 1988). There are four elements that support communication 
skills, namely the speaker, listener, communication channel, and feedback. 

Communication skills are divided into three types, namely writing, verbal, and social 
skills (Iksan et al., 2012). A person’s writing skills demonstrate their ability to express 
ideas, opinions, and arguments in writing in ways that are easily understood by the 
reader. Verbal skills show a person’s ability to express opinions, ideas, and arguments 
directly with polite words in a way that is easily understood by listeners. A person’s 
social skills indicate their ability to interact with others in an effort to convey ideas, 
opinions, and arguments. 

It is important that chemistry students are trained in writing skills as, through writing, 
students can practice critical thinking skills, develop effective verbal abilities, and 
practice learning skills over time (Quitadamo & Kurtz, 2007). In addition, writing skill 
can provide reinforcement in the cognitive domain (Dresner et al., 2014). 

Scientific Attitude 

Scientific attitude is a type of attitude that is both held and required in order to use 
scientific processes, and it features the knowledge acquired by a scientist through the 
processes carried out (Pitafi & Farooq, 2012). Scientific attitudes describe openness of 
mind, curiosity, and an optimistic approach to failure as values that are closely related to 
scientific training. Attitudes are very important for all citizens (Abdullahi, 1982), and a 
scientific attitude is a combination of many qualities and virtues, which are reflected in 
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behavior and actions. People who have a scientific attitude will be open-minded, 
experiment-oriented, and systematic in their approach. They tend to be intellectuals who 
have a love of knowledge, are honest, and who have a scientific spirit and hope that the 
solution to a problem can be derived through the use of verified knowledge (Jancirani et 
al., 2012). 

Scientific attitude is included in the character education that must be possessed by 
students, and the implementation of learning is expected to be able to train the scientific 
attitude of students. A number of different elements make up a scientific attitude, 
including honesty, responsibility, curiosity, loyalty, critical, independent, openness, 
respecting the work of others, and thinking ahead (Balitbang, 2012). Kaur (2013) 
explained that scientific attitudes can be characterized by components such as open-
mindedness; curiosity; verification based on proven facts; a readiness to test and verify 
conclusions, cause and effect relationships, and reconsider decisions; freedom from 
superstition and false beliefs; honesty in recording, collecting, and reporting important 
scientific data in observation; accepting final conclusions, and trusting more in books 
written by experts in their respective fields. The scientific attitude includes the following 
habits of thought, namely the habit of accuracy in all operations, including accuracy in 
calculations, observations, and reports; intellectual honesty habits; open-minded habits; 
the habit of seeking out the right cause, and the influence of relationships and habits. 

METHOD 

Research Design 

The current study used a posttest-only control group design consisting of two groups, 
namely an experimental group and a control group (Mertens, 2015). The experimental 
group received stepwise inquiry treatment and the control group received expository 
treatment that had been applied. The sample comprised 41 University of Mataram 
students undertaking a Biochemistry course; 21 students in the control group, and 20 
students in the experimental group. 

Structure of the Stepwise Inquiry Approach 

This study was designed for chemistry students undertaking a Biochemistry course. The 
special lectures for the present study were conducted over a period of 8 weeks. Every 
week there were two face-to-face meetings in the class with a duration of 150 minutes, 
plus two to three hours of laboratory work. The content used in this study includes 
amino acids, proteins, and enzymes. The structure of the inquiry approach used in the 
study is shown in Table 2. 
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Table 2 
The Structure of the Stepwise Inquiry Approach 

Level of Inquiry Scenario 

Structured 
inquiry (Level 

1) 

1. The lecturer explains the competencies to be achieved, learning activities, and 
evaluation techniques. 

2. The lecturer explains the material structure, properties, and methods of 
qualitative analysis of amino acids. 

3. The lecturer gives instructions to discuss the preparation of laboratory work to be 
carried out on the qualitative analysis of amino acids. 

4. The lecturer explains how to qualitatively analyze amino acids. 
5. Students conduct investigations based on the procedures provided by the 

lecturer. 
6. The students record the results of the investigation and prepare an investigation 

report. 
7. The lecturer provides feedback on the investigations that have been conducted 

and provides evaluations.  

Guided inquiry 
(Level 2) 

1. The lecturer explains the competencies to be achieved, learning activities, and 
evaluation techniques. 

2. The lecturer explains the material structure, properties, and methods of 
qualitative and quantitative analysis of protein. 

3. The lecturer gives instructions to discuss the preparation of laboratory work to be 
carried out on the qualitative and quantitative analysis of protein. 

4. Students develop procedures for the qualitative and quantitative analysis of 
protein through literature. 

5. Students carry out an investigation based on the procedures they have compiled. 
6. The students record the results of their investigation and prepare an investigation 

report. 
7. Students give presentations and discuss the results of the investigation. 
8. The lecturer provides feedback on the investigations conducted and provides 

evaluations.  

Open inquiry 
(Level 3) 

1. The lecturer explains the competencies to be achieved, learning activities, and 
evaluation techniques. 

2. The lecturer explains the classification of enzymes, work mechanism, and factors 
that affect enzymes. 

3. The lecturer gives instruction to discuss the preparation of laboratory work to be 
carried out with the theme of protease. 

4. Students determine the problem to be investigated with the instructed theme. 
5. Students develop an investigation procedure in accordance with the problems 

that have been prepared. 

6. Students carry out investigations in accordance with the procedures they have 
compiled. 

7. Students record the results of their investigation and prepare an investigation 
report. 

8. Students present and discuss the results of their investigation. 
9. The lecturer provides feedback on the investigations that have been conducted 

and provides evaluations. 

Research Instrument 

This current study used two types of instruments suitable for the variables being 
measured, namely instruments to measure communication skills and scientific attitudes. 
The communication skills measured in the present study include written, verbal, and 
social communication skills. Written communication skills were measured based on the 
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students’ ability to compile investigative reports. The components of the investigative 
reports measured were the abstract, information sources, organization, relevance, 
content, and presentation (Hoyo, 2003). Verbal and social communication skills were 
measured based on the students’ ability to report the results of their investigations and 
interact with their groups. The components of verbal and social communication skills 
included the students’ communication skills at presentation, their ability to work 
together in teams, and the ability to locate information. Each component of 
communication skills had assessment criteria in the form of rubrics, with scores ranging 
from 1 to 4. 

The scientific attitude used in this study consisted of 6 categories, namely curiosity, 
openness of mind, objectivity, honesty in reporting results, responsibility, and mutual 
respect. Each category of attitude was developed into two indicators (Table 3), with 
each indicator developed into several positive and negative statements. Each statement 
was provided with five choices of answers, namely strongly agree, agree, hesitate, 
disagree, or strongly disagree. The communication skills rubric and scientific attitude 
questionnaire were tested for validity and reliability using the expert judgment of three 
experts. The expert judgment analysis showed that the instrument was valid and reliable. 

Table 3 
Categories and Indicators of Scientific Attitudes 

No. Categories Indicators 

1. Curiosity a. Has a scientific interest in biochemistry 
b. Interest in information related to biochemistry 

2. Openness of mind a. Interest in attaining more information 
b. Accepts the opinions of others  

3. Objectivity a. Is objective 
b. Is able to distinguish facts and opinions 

4. Honesty a. Behaves in a way or says things consistent with the facts 
b. Does not overstate and understate  

5. Responsibility a. Completes tasks on time 
b. Carries out the task based on the lecturer’s guidance 

6. Mutual respect a. Respects team members 
b. Respects the biochemistry lecturer  

Data Analysis Technique 

The mean score for each measured variable for the control group and experimental 
group was calculated. The effect of stepwise inquiry implementation was analyzed using 
MANOVA with SPSS 21 (IBM SPSS Statistic 21). Supporting data were obtained by 
eliciting the opinions of the students regarding the implementation of the stepwise 
inquiry approach. The opinions and suggestions from students were then analyzed and 
described in the form of free response data. 

FINDINGS  

The results of the study show that the mean score for communication skills of the class 
implementing stepwise inquiry (M = 81.30; SD = 6.45) was higher than that of the class 
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applying expository learning (M = 65.83; SD = 7.05). The scores of the three constructs 
indicate that the implementation of stepwise inquiry increases the ability of students to 
communicate in written, verbal, and social form. In the experimental class, the average 
scores for written, verbal, and social communication skills were 69.35, 58.33, and 
69.81, respectively, while the scores obtained by the control class were 78.75, 76.69, 
and 85.45 respectively. The mean scores for communication skills in the two classes are 
shown in Figure 1. 

 
Figure 1 
Scores of Communication Skills of the Control Group and Experimental Group 

The ability of the students to produce inquiry in the class applying stepwise inquiry is 
thus shown to be better than that of the students in the class implementing an expository 
approach. In addition, the students seemed to have more control over the topic of 
investigation when presenting the results of their investigations. The contribution of 
group members during the presentations was more evenly distributed and all group 
members were able to answer questions from the participants well. In the class with an 
expository approach, the students read more presentation slides, which meant they did 
not master the topic of investigation. The contribution of the team members did not 
appear to be well distributed, and one only group member answered questions from the 
participants. 

The scientific attitude score in the class with stepwise inquiry implementation (M = 
87.67; SD = 2.67) was higher than that of the class that applied the expository approach. 
The scores of the six scientific attitude categories showed the highest value in the class 
implementing stepwise inquiry compared with the class applying the expository 
approach (Figure 2). In the control class, the responsibility category shows the highest 
value (M = 77.14), while curiosity has the lowest score (M = 68.57). Unlike the 
experimental class, the highest score is shown in the curiosity category (M = 89.33). 
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Figure 2 
Scores of Scientific Attitudes in the Control and Experimental Classes 

The MANOVA test is used to analyze the relationship between the implementation of 
stepwise inquiry and communication skills and scientific attitudes. The Box’s M test 
value has a significance of 0.643 and the Levene test has F test scores for 
communication skills and scientific attitudes of 0.004 and 0.232 respectively (p> 0.05), 
thus indicating that the variance matrix of the dependent variables is the same. This 
satisfies the MANOVA assumption, meaning the analysis can be continued. The 
implementation of stepwise inquiry has a significant influence on the communication 
skills and scientific attitudes of students (p <0.05). The values of the adjusted R squared 
for communication skills and scientific attitudes are 56.8% and 90% respectively. 

DISCUSSION 

The implementation of stepwise inquiry is aimed at reducing the application of 
expository methods in biochemistry learning. According to Reid and Shah (2007), 
laboratory-based learning should not be dominated by the cookbook laboratory; instead, 
it should provide more opportunities for students to be able to prepare their 
investigations. While expository can be used as a first step to familiarize students with 
conducting investigations (Ault, 2002), if high-level inquiry is then applied directly, it 
can make students uncomfortable as they have become accustomed to conducting 
investigations according to procedures laid down by their lecturers (Chatterjee et al., 
2009; Cheung, 2011). 

The stepwise inquiry applied in this study ranges from the lowest to the highest level. 
The application of the method in stages offers the ability to integrate the topic and 
procedure of investigation so that the students can understand each stage of the 
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investigation (Kakisako et al., 2016). In addition, following the staged method means 
that students can be trained gradually in the skills needed to conduct investigations 
(Bennett & O’Neal, 1998; Hunter et al., 2003). 

The lowest level of inquiry used is structured inquiry, which involves more lecturers in 
the learning process. The lecturer sets out the procedure of investigation, and the 
students only follow the procedures given. Structured inquiry experiment classes can be 
considered as “pre-learning” to help students plan their next investigation with a higher 
level of inquiry (Burnham, 2013; Cacciatore & Sevian, 2009; Johnstone, 1997; Jolley et 
al., 2016; Rollnick et al., 2001). 

The use of the second level of inquiry provides students with something different. If the 
student has previously been provided with an inquiry procedure by the lecturer, then the 
second stage involves the student beginning to be trained in forming his own 
investigation procedures. The preparation of an independent inquiry procedure benefits 
the learning process. The benefits of organizing independent inquiry procedures are that 
investigative procedures are easy to understand, the theoretical basis can be 
strengthened, it helps to build arguments, and student thinking skills are improved 
(Burnham, 2013; Dresner et al., 2014; Fakayode, 2014; Hakim et al., 2016; Hakim & 
Jufri, 2017; Hakim et al., 2018; Hakim & Jufri, 2018; Miller & Lang, 2016; Walker & 
Sampson, 2013). If students are able to carry out a well-planned inquiry process, it can 
increase their motivation for subsequent investigations (Limoto & Frederick, 2011; 
Miller & Lang, 2016; Tsaparlis & Gorezi, 2007). 

Students can find implementing investigation procedures that they have planned to be 
difficult and challenging (McDonnell et al., 2007). Through the implementation of their 
investigation plan, students can be trained in using the instruments in the laboratory, 
carrying out investigative procedures, correctly recording investigation data, analyzing 
inquiry data, presenting data systematically, and interpreting investigative data (Hensiek 
et al., 2016; Reid & Shah, 2007). The skills described above make it easier for students 
to compile investigative reports as well as report the results of investigations through 
presentations in class (Anwar et al., 2018). If the investigation process runs according to 
the plan that has been prepared, the students have greater confidence in the next 
investigation (Gaddis & Schoffstall, 2007; Gasper & Gardner, 2013; Pickering, 1987). 

Open inquiry is applied after guided inquiry by giving students the opportunity to 
determine problems, develop investigation procedures, and interpret data. In the group 
applying the stepwise inquiry, the source of the protease enzyme being studied used 
waste such as that from pineapples and papayas. Meanwhile, in the class with an 
expository approach, the protease enzyme tested had already been determined by the 
lecturer, and the students only followed the procedures contained in the laboratory work 
instructions. Prior to starting the investigation, the lecturer was consulted on the 
students’ draft inquiry with a view to reducing possible errors (Deters, 2005; Lechtanski, 
2001). 

The implementation of open inquiry as the highest level of inquiry has similarities with 
the assigning of projects to students during the learning process. The students’ 
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independence in planning and implementing an investigation plan leads to them acting 
as initiators in terms of supporting the development of their own thinking and 
communication skills (King et al., 2018; Rootman-le Grange & Retief, 2018; Velasco et 
al., 2016). When conducting an investigation, students are more familiar with the 
procedures that they followed, thus making it easier for them to explain to the 
participants in the discussion. The inquiry approach is not only beneficial for the 
students, but also useful for the lecturers in that it allows them to design better learning, 
modify more interesting inquiry procedures, and establish more intense communication 
with students (Burnham, 2013; Lechtanski, 2001; Rootman-le Grange & Retief, 2018). 

The ability to compile laboratory work reports is important in the development of 
student communication skills (Bramer & Bastin, 2013). Through writing, students can 
better understand content through the ability to construct new knowledge and ideas 
(Sampson et al., 2013). The task of compiling an investigation report can encourage 
students to think in real terms and develop arguments to facilitate their presentation in 
class (Duzor, 2016; Visser et al., 2018). 

The comments raised by the students indicated a positive response to the application of 
stepwise inquiry. The students felt happy and motivated when conducting investigations. 
The presentation of the results of the investigation was part of the learning that students 
greatly favored because they were more aware of the purpose of each stage of the 
investigation procedure that they had carried out. According to the Motivation-
Opportunity-Determinant (MODE) model, learning has the ability to determine the 
formation of attitudes, including scientific attitudes. Scientific attitudes and other 
positive attitudes are very meaningful in developing thinking skills and other skills 
(Ajzen & Fishbein, 2005). 

In traditional laboratory work, the students merely followed the procedures of laboratory 
work as described in the laboratory work manual, and they typically did not understand 
each stage well. While the students still asked questions – such as why does enzyme 
isolation use buffer when making crude enzyme; what are the functions of TCA in 
protease measurement activity? – these were different from the experimental class where 
the open inquiry approach used to study the topic of enzyme demanded students’ 
independence in following the inquiry procedures. This leads students to learn and 
understand each stage required in the inquiry process. 

CONCLUSION 

The results of this study indicate that the implementation of a stepwise inquiry approach 
had a positive effect on the students’ communication skills and scientific attitudes. 
Scores in writing, verbal, and social skills, and the six scientific attitude categories were 
higher in the experimental class than the control class. In addition, the students 
demonstrated a positive response to the application of a stepwise inquiry approach. 

The use of the inquiry approach gradually gives students the opportunity to design the 
investigation process. This gradual implementation, starting with an inquiry structure 
and building to open inquiry, functions to train students gradually and reduce the 
discomfort that arises from them being accustomed to using traditional laboratories. 
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Based on the results of this study, the recommendation is that a stepwise inquiry 
approach can be applied to laboratory-based science learning so as to reduce the 
dominance of expository methods in the implementation of laboratory work in higher 
education. 

LIMITATIONS OF THE STUDY 

The current study has several limitations. First, this study uses a limited number of 
respondents. Second, the study did not apply the four levels of the inquiry in the group, 
meaning the effect of the three variables at each level of inquiry has not been examined 
in this study. 
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