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ABSTRACT 
 

This study explored the effect of conventional laboratory practical manuals on pre-service teachers’ 

integrated science process skills (ISPS). A validated multiple-choice questionnaire with the ISPS 

components was used to collect data. No significant difference between pre-service subject-specific 

teachers’ (biology, physics and chemistry) ISPS scores was found. The ISPS scores significantly 

increased along with proliferation in lab practical works, except for physics. Pre-service math teachers, 

who had no lab practical works, showed significantly higher ISPS scores than pre-service science 

teachers. The results indicated that all pre-service teachers’ ISPS scores fell into intermediate level. 

Further, it was found that they possessed the lowest scores for such ISPS as identifying and controlling 

variable, stating operational definition and designing experiments. The common format of the 

conventional laboratory manual adopted from many universities need to be reformatted for engage 

learners in all ISPS. To improve learners’ ISPS, higher-order thinking assignments should be intensively 

given to them. 
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INTRODUCTION 

Scientific research processes (i.e., making an observation, proposing a hypothesis, 

designing a research procedure, analysing data, writing a conclusion and communicating a 

research finding) develop science. These processes are ideally integrated into school science 

learning (Anderson, 2002). Students are expected to experience the integrated science process 

skills (ISPS) through several science courses (Adlim, Samingan & Hasibuan, 2014).  

Science process skills (SPS), which play an important role in daily life (Aydogdu, 

2015), are widely exploited in other disciplines (Rellero, 1998). These skills are generally 

associated with such terminologies as higher order thinking, critical thinking, formal 

reasoning (Monica, 2005; Rezba, et al., 1995; Al-Rabaani, 2014).  

Many countries (e.g., Indonesia) have adopted National Science Education Standards 

(NSES) into their science curricula emphasizing inquiry-based learning. Hence, students are 

expected to acquire and improve their science process skills (Kimble, Yager & Yager, 2006).  
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Indonesia has revised and released its national curriculum in 2013, also some inquiry 

laboratory manual (Mahyuna, Adlim & Saminan, 2018) and Science Technology Engineering 

Mathematic (STEM) laboratory module have been studied (Sari, Adlim & A Gani, 2018).    

Even though inquiry has been interpreted in different ways, the “Standard” term means 

much more thing than a science process. That is, it acts as a vehicle for learning science 

content (Asay & Orgill, 2010). Given inquiry-based learning and the National Science 

Education Standards (NRC 2000), inquiry learning process consists of five “essential 

features”; (a) engaging in scientifically oriented questions; (b) giving a priority to evidence in 

responding to questions; (c) formulating explanations from evidence; (d) connecting 

explanations to scientific knowledge; and (e) communicating and justifying explanations 

(NRC 2000, p. 29). Any teacher may direct various essential features through inquiry-based 

activities (NRC 2000, p. 29). Asay and Orgill (2010), who reviewed the inquiry studies 

between 1998 and 2007, reported a need for elaboration on how to reformat the laboratory 

practical manual and how to link it to the SPS. Yildirim, Calik & Ozmen (2016) stated that 

inquiry-based learning approach acted as a driving factor in developing SPS. 

The objective of science curriculum is to design the relevant learning materials/tools, 

i.e., textbooks, laboratory practical manuals, handouts, and student worksheets. However, 

very few inquiry-based laboratory manuals have easily been found in open access literatures 

(AP®, 2015; Grooms, Enderle, Hutner, Sampson, 2016; Flinn Scientific, n.d). Interestingly, 

most of them have been prepared in a conventional format (including confirmation 

experiments).  

Integrating SPS into laboratory manual seems to have neglected cognitive-knowledge 

domains. Unfortunately, many teachers have still not fully understood inquiry-based learning 

reported by Anderson (2002) and Crawford (1999). For this reason, implementing SPS has 

been problematic for school science learning and teaching in that they are abstract and need 

much more efforts for planning science courses (Windschitl, 2004). Therefore, the practical 

implementation in science classes is likely very low (Monica, 2005; Coil et al, 2010; Sukarno, 

Permanasari, Hamidah, Widodo, 2013), and it will be more complicated in rural schools 

(Adlim et al, 2014; Ambross, Meiring & Blignaut, 2014).   

Although Miller and Driver (1987) argued that SPS are content-related, separating 

science learning from SPS results in less meaningful learning and memorizing activities. 

Also, they are unable to demonstrate SPS and acquire an in-depth content knowledge 

(Monica, 2005).  

SPS can be integrated and implemented onto student worksheets of laboratory practical 

manuals. Thus, exploring their applicability is a crucial for studying SPS. Assessing pre-

service teachers’ capacities is more significant for preparing and educating them to achieve 

science process skills and scientific processes for the next generation standards.     

Taking complex hierarchical features of science process skills into account, two 

categories appear: basic science process skills (simple skills) and integrated science process 

skills (complex, higher-order). Basic science process skills (BSPS) are usually experienced in 

primary school levels, while integrated science process skills (ISPS) can be accomplished by 

secondary and high school students (Gurses, Çetinkaya, Dogar, & Sahin, 2015; Delen & 

Kesercioğlu, 2012). BSPS include several skills in observing, comparing, classifying, 

measuring, experimenting, predicting and inferring (Tobin & Capie, 1982). ISPS contain 

identifying/controlling variables, stating hypothesis, designing experiments, 

graphing/interpreting data and stating operational definition (Dillashow & Okey, 1980; 

Shahali & Halim, 2010). 

Science laboratory practical works are expected to train BSPS and ISPS, since science 

process skills are a part of lab activities. Another BSPS model also uses computer animations 

and laboratory virtual works (Yang & Heh, 2007; Supriyatman & Sukarno, 2014). Moreover, 
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using picture books is a successfully method to introduce some science process skills for early 

childhood education (Monhardt & Monhardt, 2006).  

Several studies in SPS have been reviewed.  Yildirim et al (2016) reported the profile of 

SPS implementation in Turkey. Al-Rabaani (2014), who investigated pre-service teachers’ 

SPS (both BSPS and ISPS) levels, reported that their SPS levels of social sciences fell into 

average level. Further, he implied no significant difference for gender variable at pre-service 

teachers in Oman. Zedan and Jayosi (2015), who studied with the Palestinian high school 

students, depicted that female students had higher SPS scores than  male ones. Aydogdu 

(2015), who accessed Turkish science teachers’ ISPS,  found that they were not at satisfactory 

level. Karsli, Yaman and Ayas (2010), who sampled Turkish student teachers, addressed that 

they had difficulty performing SPS-integrated experimental tasks in chemistry laboratories. 

They also suggested to write SPS-embedded books/worksheets. Similarly, Chabalengula, 

Mumba and Mbewe (2012) reported that the American pre-teachers’ ISPS fell into a moderate 

level. Downing and Filer (1999) implied that pre-service teachers’ science process skills had a 

positive correlation with their attitudes toward science. Shahali (2015) depicted that 

Malaysian primary school teachers’ understanding of SPS was not as good as their teaching 

experiences. Although several studies have been reported on the assessment of SPS, how pre-

service teachers’ ISPS are related to their laboratory practical experiences has been 

unexplored. 

Since the laboratory practical works are conducted by using the conventional science 

lab manuals then the university usually will face difficulties in improving and accommodating 

all ISPS. Therefore, worksheets in the laboratory practical manuals need to be analyzed to 

synchronize pre-service teachers’ laboratory work experiences with ISPS. This information 

will make a great contribution to reformat common science laboratory manuals, student 

worksheets in laboratory practical manuals and conceptual assignments. 

Since ISPS might be drilled during laboratory practical works, then the more students 

practice the laboratory works, the higher they should have accomplish science process skills. 

Therefore, this study purposed to explore the ISPS levels of subject-specific pre-service 

science teachers (chemistry, physics and biology) at different years of the study and compared 

their levels with those of pre-service math teachers having no science laboratory practices. 

The current study also intended to explore the content, the frequencies of laboratory practical 

works, and the students’ assignment model and the impact on ISPS. 

 

Research Questions  

The following research questions guided the current study: 

 Do pre-service teachers’ ISPS levels significantly increase along with the proliferation 

of their lab practical works?  

 Do the laboratory practical works significantly affect pre-service science teachers’ 

ISPS levels as compared with those of pre-service mathematics teachers? 

 Do pre-service teachers’ science syllabuses improve  all ISPS? 

 

METHODS 

Population and sample  

The population of the current study comprised of 813 pre-service teachers enrolled to 

Semesters III (Admission year was 2015) - V (Admission year was 2014) - VII (Admission 

year was 2013) in the departments of biology, physics, chemistry and mathematics at Syiah 

Kuala University, Indonesia. They were distributed to several classes, whose capacities 

ranged from 24 to 34 students without any academic rank group (homogenous). A total of 360 

pre-service teachers (30 x 12); 30 for each semester group (III, V & IV) and for each study 
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program (biology, chemistry, physics and mathematics) was randomly drawn from each 

department. The flow chart of the current study is summarized in Figure 1.  

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The flow chart of the current study 

 

This study focused on assessing pre-service teachers’ ISPS levels and learning 

experiences. The enrolment test follows national standard with relatively a constant passing 

grade in each department. The school of education, which has 16 departments, is the oldest 

institution in Aceh Provinces and one of 374 institutions in Indonesia. Each department runs 

4-5 years covering a total of 151 credits, 83% of which are pure science courses. The lecturers 

dominantly hold master’s degree (70-75%), while minority of them has PhD (20%) and 

Professor (5%) degrees. Their academic backgrounds have highly fallen into mathematics 

education and pure sciences (biology, chemistry, and physics). A few science educators have 

been employed in the department. All schools of education in Indonesia follows the same 

syllabus meeting the national standards. The textbooks and laboratory practical manuals are 

nearly similar to pure science learning materials for undergraduate programs at worldwide 

universities (Robson, 2012).  

 

Instrument  

A multiple-choice ISPS instrument was adapted from Monica ’s (2005) dissertation (see 

the link at epository.up.ac.za/bitstream/handle/2263/24239/dissertation.pdf;sequence=1) and 

validated for the current context. In Monica’s (2005) study, the items were designed for senior 

high school students (grades 10-12) and validated with 769 students. Table 1 lists the 

characteristic of the instrument.  

 

Table 1. The characteristics of ISPS instrument developed by Monica (2005) 

characteristics  of the 

instrument 
Overall 

Acceptable (standard) 

value 

Discrimination index 0.403 ≥ 0.3 

Index of difficulty 0.402 0.4-0.6 

Content validity 0.978 ≥ 0.7 

Reliability 0.810 ≥ 0.7 

Readability level 70.29 60-70 

Reading grade level Grade 8 ≤ grade 9 

 

The original version of the ISPS instrument, which was in English, was administered 

to South African senior high school students. Then, the researchers translated it from English 

into Indonesian language.  A group of experts (science and math educators) validated its 

In science majors, 

Lab Practical works 

conducted by pre-

service teachers:  

(SMT V)>(SMT III)> 

(SMT I) 

In Math major, no 

sci.lab practical work 

 (SMT V)=(SMT 

III)= (SMT I) 

The Facts : Hypothesis : 

In science major, 

ISPS of pre-service 

teachers (SMT 

V)>(SMT III)> (SMT 

I) 

 

Math pre-service 

teachers have lower 

ISPS than those of sci. 

pre-service teachers 

ISPS 

assessment 

ISPS test scores 

Review the 

Hypothesis  

Explanation based on: 

(1). The relevance of 

pre-service teacher 

tasks in lab manual 

toward their ISPS 

exercise  

(2). The level & the 

frequency of HOT 

practise during 

lecturing   
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translated version with 30 multiple-choice questions. The content validity was found to be 

97.7+0.96. The reliability co-efficient measured by a split-half method was found to be 0.96. 

The researchers did not measure such other parameters as index difficulty was since the 

instrument was passed to pre-service teachers, whose academic level was higher than senior 

high school students. The adapted version of the ISPS instrument is outlined in Table 2. 

 

Table 2. An outline of indicators in the ISPS instrument 

No. Indicators Objectives 
Item test 

number  

Total 

item 

1. 

Identifying and 

controlling 

variables 

Describes an investigation, and 

identifies dependent, independent, 

control variables  

2, 6, 12, 

19, 28, 29, 

30 

7 

2. 
Operational 

definition 

Describes an investigation, and 

identifies how variables are 

operationally defined  

1, 7, 22, 

23, 26 
5 

3. 
Determining 

the hypothesis 

States a problem with dependent 

variables and a list of independent 

variables to identify a testable 

hypothesis  

8, 16, 20 3 

4. 

Reading graphs 

and interpreting 

data 

Describes an investigation, obtains 

results/data, and identifies a graph 

representing the data 

4, 5, 9, 10, 

11, 17, 14, 

24, 25, 27 

10 

5. 
Designing 

experiments 

Selects a suitable design for test the 

hypothesis 

3, 13, 15, 

18, 21 
5 

 

Document Analysis and Interview Protocol  

The syllabus of each department was analyzed to list the laboratory course works for the 

laboratory practical manuals. All ISPS was listed and checked to synchronize them with 

student tasks in the lab practical manuals. The findings were subsequently confirmed by the 

lab supervisors, lab assistants and several pre-service teachers. Similar procedure was 

followed for several dominant courses in science and mathematics syllabus to analyze them in 

regard to the level of Bloom’s cognitive taxonomy. Senior science and math lecturers (5 

persons) and 10 senior pre-service teachers from each department were interviewed through a 

structured-interview protocol.  That is, senior science and math lecturers listed relevant 

courses and identified the dominant Bloom levels  in their instructions. A similar question list 

was given to 10 senior pre-service teachers to confirm the lecturers’ responses. Finally, their 

average responses were tabulated.  

 

 

FINDINGS 

Research Question 1: Do pre-service teachers’ ISPS levels significantly increase along  

                                    with the proliferation of their lab practical works?  

The year of the study determines the seniority in laboratory practical works. That is, 

pre-service teacher at the third semester was less senior than those at the seventh semester. 

The more pre-service students spend time in the campus, they have more experience in the 

laboratory practical works. 

Pre-service teachers must annually accomplish 2-3 lab practical courses. If not, they 

are dropped out from the university. Pre-service teachers under investigation had a good 

academic achievement (mean of GPA: 3.0).        
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Even though five ISPS were distributed into 30 multiple-choice items, 4 of them 

were deleted due to low discrimination index values. 3 of them were revised because of 

low validity scores. A total` of validated items was 26. However, 20 of them were selected 

to assess the ISPS, while 6 of them were excluded because of dominant arithmetic 

calculation. The ISPS items were descriptive, logic and included simple calculation instead 

of complex one. Mean scores of pre-service science teachers’ responses to the ISPS are 

shown  in Table 3. 

 

Table 3. Mean scores and standard deviation values of pre-service science teachers’ 

responses to the ISPS in regard to the year of the study 

Semesters 
Biology Physics Chemistry 

 (%) SD  (%) SD  (%) SD 

Semester III 57 15 60 11 59 11 

Semester V 61 8 60 11 60 10 

Semester VII 66 10 63 14 67 14 

 

As seen in Table 3, mean scores of pre-service science teachers’ responses to the ISPS ranged 

from 57 to 67. These range values were categorized under an intermediate level with a large 

standard deviation. This finding is consistent with previous studies in Oman, Turkey, and 

USA (Al-Rabaani, 2014; Karsli et al, 2010 & Chabalengula et al, 2012). That is, because pre-

service science teachers’ ISPS levels are poor, their capacities of the ISPS may influence their 

science teaching careers in school and prevent their students’ perspectives and science 

learning motivation in future (Aydogdu, 2015; Shahali, 2015).   

Before conducting analysis of variance (ANOVA), normality test was counted using 

chi-square method at significance p = 0.05. This test showed that all was normally distributed 

with 2 calc< 2
 table. No significant difference was found for ISPS levels of subject-specific 

pre-service teachers(biology, physics and chemistry)  at similar semester: F(90, 2) = 0.33; 

0.03; 0.80 with, p = 0.71; 0.96; 0.43 respectively. However, a significant difference between 

semesters at the given subjects, except for physics. That is, these values for biology were 

F(30, 2) = 4.3, P = 0.02; while those for chemistry, F (30, 2) =3.6, P = 0.03. There was no 

significant difference in physics [F(30, 2) = 0.5, p = 0.62]. It can be deduced that any 

significant improvement at the ISPS appeared for senior pre-service teachers. This means that 

experiencing laboratory works is ineffective in evolving all ISPS. However, based on mean 

scores of pre-service teachers’ responses to the ISPS test, dominant fraction of high ISPS 

scores obviously shifted from less senior (lower semester) to more senior (higher semester) 

levels for subject-specific pre-service teachers (see Figure 2 a,b,c. For example; the number of 

pre-service biology teachers’ ISPS scores increased along with their lab experience 

proliferations (Figure 2a). Similar case was observed for pre-service physics teachers (see 

Figure 2b). That is, their ISPS scores shifted from SMT III (ranging from 26 to 41to SMT V 

& VII (ranging from 42 to 73) (Figure 2b). Indeed, the highest ISPS score anomaly appeared 

at SMT III for pre-service physics teachers. The trend was obviously valid for chemistry 

education program (see Figure 2c). This finding supports Jerome Bruner’s learning theory 

stating that learners actively experience and construct their own knowledge.  

 

Research Question 2:  Do the laboratory practical works significantly affect pre-service  

 science teachers’ ISPS levels as compared with those of pre-service mathematics  

 teachers? 

 

As observed in Figure 3, pre-service teachers’ ISPS scores were also analyzed to 

explore weak and strong components at different subjects and the year of the study. 
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Consistently, the highest mean score of the ISPS was belonging to “graphing and interpreting 

data,” whilst the lowest one was pertaining to  “designing an experiment”. This finding is in a 

parallel with previous studies reporting that designing an experiment is very difficult for their 

samples (Monica, 2005; Aydogdu, 2015; Chabalengula et al, 2012).  

 

 

         

(a) 

 

(b) 

 

(c) 

 
Figure 2. Subject-specific pre-service teacher s’ ISPS scores at different lab practical  

      proliferation (Figure 2a for biology; Figure 2b for physics and Figure 2c for  

      chemistry)  
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Indeed, the ‘designing an experiment’ skill is a quite complex process incorporating in 

science process skills, statistical knowledge and systematic thinking skills. 

The results indicated that ‘graphing and interpreting data’ skill was the easiest task 

because it focused on mathematical logic rather than experimental skills. The other ISPS 

under investigation also required to experience science process skills and higher-order 

thinking skills. 

Lower scores in “Stating Operational Definition”, “Determining the hypothesis” and 

“Designing an Experiment” skills may result from the present format of the science laboratory 

practical manuals. That is, since the ISPS under investigation were not found in all lab 

manuals, pre-service teachers did not experience such skills although taking many laboratory 

practical works. The pre-service teachers, the head of laboratory and laboratory assistants 

consistently confirmed this finding.      

 As seen in Figure 3, pre-service math teachers had higher ISPS scores than pre-service 

science teachers. This trend appeared at all ISPS and year of the study, except for the ‘Stating 

Operational Definition’ at Semester III. The ‘designing an experiment’ skill at all semesters 

was low in all subject-specific pre-service teachers.     

The results of ANOVA indicated significant differences between subject-specific pre-

service teachers’ ISPS scores at similar semester, except for Semester III. The results of 

ANOVA for Semesters III, V and VII were F (120, 3) = 1.9, P = 0.13; F(120, 3) = 16, and 

F(120, 3) = 9.5 respectively.  

 As can be seen from Figure 3, the ISPS is independent on the laboratory practical 

works since pre-service math teachers, who did not have any laboratory practical 

work/manual, had the highest ISPS scores. This may come from the features of mathematics 

activities or learning, i.e., problem solving, reasoning ability and high order thinking skills.  

Problem solving activities involve cognitive processes underpinning conceptual and 

procedural understanding. Conceptual understanding is developed based on interpretation of 

the facts, whereas the procedural understanding is drilled with exercise skills (Gott & 

Duggan, 1995).   

Higher order thinking (HOT) skills, which are congruent with the ISPS, commonly 

practice mathematic learning through the ISPS (Tajudin, 2015). Students, who are good at 

HOT, usually have capacity to manipulate information and idea to synthesize, generalize, 

explain, formulate hypothesis, or reach some conclusions or interpret a given case. By 

mastering the systematic thinking skills, they are able to solve problem and discover new 

meanings or understanding. Some of mathematic assignments requesting to conduct any 

scientific investigation might also build the ISPS. For example; “please design a pool, whose 

area is 24 m2, and provide several alternative shapes that allow costumer to choose the 

options, compare their costs of the surrounding areas”. To solve this problem, the pre-service 

teachers need to determine the variables affecting the operational costs and define the 

hypothesis. Because of designing an experiment or simulation to reject or accept the 

hypothesis, such a process may have contained and evolved all ISPS. 
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 (a) 

 

(b) 

 

(c) 

 
Figure 3. Mean scores of subject-specific pre-service teachers’ ISPS ;  

    (a) Semester III, (b) Semester V, (c) Semester VII;  

   Coordinate legend:  

(1) Identifying an controlling variables;  (2) Stating operational definition 

(3) Determining the hypothesis;         (4) Graphing and interpreting data  

(5) Designing an Experiment 

 

   

 To compare pre-service science teachers’ HOT with those of pre-service mathematics 

teachers, the researchers conducted structured interview protocols with 5 lectures and 10 

senior pre-service teachers, as representatives for each teacher education program. By 

randomly sampling 10 courses in each teacher education program, the interviewees were 

asked to check the dominant courses in regard to Bloom’s taxonomy. As shown in Figure 4, 

mathematics courses included their learning activities within C3-C5 of cognitive domain as 
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compared with science courses. This confirmed that pre-service math teachers had frequently 

practiced with HOT, which fell into C3-C5 of thinking levels. The logic, reason and 

systematic thinking may have affected to any improvement in the ISPS scores.  

 
Figure 4. Pre-service teachers’ cognitive domains of science and mathematics courses.     

 

Research Question 3: Do pre-service teachers’ science syllabuses improve all ISPS? 

Even though syllabus has a broad meaning, this study specified science syllabus as the 

laboratory activities in the laboratory practical manuals. Table 4 presents the number of 

laboratory practical manuals for each subject in syllabi of teacher training program. The 

contents of lab manuals were reviewed and matched with the ISPS. It was found that the 

manual format composed of title of experiment, theory, material and procedure (structured 

tables for students) and questions.  

Three head of laboratories and 15 pre-service teachers as representatives for each 

subject-specific pre-service teachers were interviewed to verify the ISPS presentation in the 

manuals. The interview data revealed that the ISPS were not found in the manuals, except for 

data analysis and graphing (see Table 4).  

 

Table 4. Subject-specific pre-service science teachers’ syllabuses                 

Disciplines  

Laboratory 

Practices (total 

numbers) 

Frequencies of the ISPS explicitly found in the lab manuals 

Credit 

hours 

Lab. 

manuals 

Indetify.

&control.

variables 

Stating 

operat. 

definition. 

Deter-

mining 

hypo-

thesis 

Graphing 

& 

interpret.

data 

Designing 

experiment 

Biology 17 17 none none none always none 

Physics 12 9 none none none always none 

Chemistry 17 13 none none none always none 

    

The format of the lab practical manuals for each subject was almost similar to those of 

other well-known universities. Science lab manuals from Durham University, Reed College, 

Austin College, Massachusetts Institute of Technology and 9 others partially contained the 

ISPS (Ronson, 2012; “lab reference, n.d” ; 1406manualRRC, n.d & Physics 123, n.d). The 
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experimental procedures were represented in detail. Also, there was no task for students to 

state their hypothesis, find the variables and design the experiments (Gobaw, 2016; Tweedy 

& Hoese, 2005; Basey, Mendelow & Ramos, 2000; Germann, Haskins & Auls, 1996). 

Biology lab manuals (as a typical format of a lab practical manual) at University of Illinois 

and University of Maryland, USA contained almost all ISPS (AP® Biology, n.d; Experiment 

MF, n.d). These manuals, which provided the research questions, asked the students to write 

their hypothesis, design the experimental procedure, analyze data and write their reports. By 

doing this, the students may have acquired ‘designing experimental procedures, operational 

definition and identifying variables’ skills of the ISPS. 

 

DISCUSSION and CONCLUSION 

Most of the conventional laboratory practical manuals contained confirmative 

experimental works, “alike cookbook”. They did not give any chance for students to practice 

their ISPS, especially “controlling variable” and “designing an experiment” skills.  Doing 

many laboratory practices does not build all ISPS unless the laboratory practical manuals are 

designed for building the ISPS. The research finding showed that pre-service teachers found 

difficulty in identifying and controlling variables, stating operational definition, determining a 

hypothesis and designing an experiment, which are ISPS components. Conventional 

laboratory manuals may improve “graphing and interpreting data” skill. Doing frequent 

exercises in problem solving and HOT may evolve the ISPS. Overall, because the 

conventional laboratory practical manuals had difficulties improving almost all of ISPS, a 

new format involving in all ISPS need to be developed. Also, this new format should engage 

students in several assignments containing higher order thinking, problem solving and 

research questions, tasks and student worksheets.    

 

Suggestions 

 

The participants of this study were undergraduate students which is known as pre-

service teachers at a teacher training school. Fur further study, it is interesting to compare 

their ISPS with the ISPS of in-service teacher and the ISPS of other undergradaute students 

having major in pure science and engineering. Disparity might be considered because the in-

service teachers have more experience in science teaching and the pure scince and 

engineering students have more science credit hours in their curriculum.  
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