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Abstract: Laboratory work activities are very
important in science learning because they can
develop students' science process skills. This
research aims to develop valid and feasible
laboratory work assessment indicators. The
research method used research and development
(R&D) 4-D model which includes the stages of
define, design, develop, and disseminate. The
subjects of this study were 5 lecturers and 293
students of the Science Education Study
Programme at Universitas Negeri Yogyakarta.
Aiken Formula was used to analyse content
validity, confirmatory factor analysis was used to
analyse construct validity, and Rasch model was
used to analyse empirical validity. This article
focuses on the design and develop stage, to
determine the quality of the Science Laboratory
l. INTRODUCTION

Science learning is a learning that is
closely related to process skills (Carin, 1993;
Chiappetta & Koballa, 2010). Laboratory work is a
special type of science learning that needs to be
applied by science teachers when teaching science.
Process skills are basically one of the competencies
that must be possessed by every learner in this era
of globalisation and have received considerable
attention  in  science  education(Roth &
Roychoudhury, 1993). Learning strategies and
curriculum sets aimed at teaching process skills
have received much attention in science education.
The reality is that science teachers have not been
able to conduct continuous and comprehensive
assessment of laboratory work(Hofstein & Lunetta,
2004). The author emphasises this, because science
laboratories have a central and distinctive role in
experimental science learning and have extensive
benefits in learning for students.

Work Assessment instrument to Measure Science
Process Skills. The results showed that the 4-D
model was effectively used in developing
laboratory work assessment instrument products to
measure students' science process skills, this was
indicated by the quality of laboratory work
assessment instruments to measure students'
science process skills which were valid based on
Aiken's formula, feasible, and reliable according to
Science Education experts from the aspects of
content, construct, and language. The instrument
fulfils the validity of the construct and Rasch
model.

Keywords: laboratory work, science process
skills, confirmatory factor analysis, Rasch model.

Curriculum changes in Indonesia in the
last decade have led to many ways to teach learners
tasks and projects in the form of science
experiments, where science process skills are
developed integrated in experimental activities
(hand on activity). The process of acquiring science
concepts in laboratory-based learning has taught
the systematic steps of the scientific method which
greatly helps learners to improve their science
process skills(Vazquez-Villegas et al., 2023). The
literature has stated that laboratory work is useful
in terms of students' cognitive and affective
development(Harman et al., 2016; Zoller &
Pushkin, 2007). In terms of cognitive skills, the
laboratory is a place where students learn concepts,
principles and laws by exploring through
experiments. The author views that in the process
of experimenting, students are involved in
observation, measurement, classification, recording
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data, forming hypotheses and methods, changing
and controlling variables.

Science  process  skills  (SPS) in
experimental activities are thinking skills used by
scientists to construct knowledge in order to solve
problems and formulate results(Rusmini et al.,
2021). Scientific method, scientific thinking, and
critical thinking are also terms that have been used
to describe science process skills, but in the last
two decades, science process skills have become
more common among science education academics
(Ozgelen, 2012).Laboratory work is very important
in science learning. Furthermore,Gericke et al.
(2023)science education is part of every secondary
school curriculum around the world. Laboratory
work has a central and clear role in science learning
that must be fully understood by science teachers.

At this time, science teachers are
beginning to seriously question the effectiveness
and role of laboratory work from learners, and the
probabilities of learning involving laboratory work
are not as self-evident as they seem(Hofstein &
Lunetta, 2004). Science process skills in laboratory
work activities are aligned with the main
dimensions of science which are seen as processes,
products, and attitudes (Carin, 1993). These main
dimensions in the curriculum become the basis for
developing science learning outcomes by students
so that these competencies in laboratory work can
be measured. It is wvery important that the
assessment instrument both scienceunderstanding
and science process skills through laboratory work.
Generally, the achievement of science process
skills can be measured by the inquiry process,
namely a series of laboratory work activities from
observing, asking questions, proposing hypotheses,
selecting and managing information, planning and
carrying out action activities and self-reflection,
and having attitudes and behaviours so that
students can contribute positively to the
development and preservation of their environment
in accordance with the paradigm in the merdeka
curriculum.

The new paradigm in the independent
curriculum  places learning and assessment
processes effectively (Sayekti, 2022; Sufyadi et al.,
2021). One of these paradigms is a learning process
that supports the holistic development of students'
competencies and characters. In  addition,
assessment is an integrated part of the learning

process, facilitates learning, and provides holistic
information as feedback for educators, students,
and parents to guide them in determining further
learning strategies. This requires science learning
to include integration of the dimensions of process,
product, and attitude so that it is considered
important to have an assessment instrument that
integrates the learning process and assessment,
namely the development of a feasible, valid, and
effective laboratory work assessment instrument to
measure science process skills.

1. METHOD

The research used the define, design,
develop, and disseminate model of development /4-
D (Paidi, 2011; Subali, 2019; Thiagarajan et al.,
1974). The research subjects included five science
education lecturers and 293 students. The research
instruments used validation sheets to validate
research products and laboratory work assessment
observation sheets. The data collected were
analysed with Aiken Formula, Fleiss Kappa
statistic, confirmatory factor analysis, and Rasch
model.

Aiken Formula was used to validate
products from the development of laboratory work
assessment indicators from the results of expert
judgement for each item by science education
experts as follows the following equation (Aiken,
1985; Retnawati, 2014; Setyawarno, 2020).

V= 72 d
[n(C — 1)]

Where: S =R — 1,
Description:
L, = lowest assessment number (e.g. 1)
C = highest assessment number (e.g. 4)
R =the number given by the rater
n =number of assessors or number of
validators

Quantitative ~ to  qualitative  scale
conversion analysis of the results of expert
assessments related to the feasibility of products
developed from the aspects of content, construct,
and language with the provisions of the lowest
assessment score criteria of one and the highest of
five.
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Table 1.Scale for Converting Scores to Instrument Feasibility Criteria

Score Interval

Qualitative Data

X > X, + 1.80SB;
X, +0.60SB; < X < X, + 1.80SB;
X, — 0.60SB; < X < X, + 0.60SB;
X, - 1.80SB; < X < X, — 0.60SB;
X < X, — 1.80SB;

Very Decent
Feasible

Decent Enough
Not Decent
Very less worthy

Description:
Xi =% (ideal maximum score + ideal minimum score)
SBi= ¥ (ideal maximum score - ideal minimum score)

Fleiss Kappa statistic or interater reliability is a
measure used to test agreement between two or
more raters on a categorical variable. The results of
the Kappa statistic provide information about the
level of agreement beyond the possible(McHugh,
2012; Orts-Cortés et al., 2013). Mathematical
equation for calculating the Fleiss Kappa Statistic
coefficient.
Pr(a) — Pr(e)
~ 1-Pr(e)

Cohen provides an interpretation of Kappa
results interpreted as follows: < 0 as an indication
of no agreement and 0.01-0.20 as none to little,
0.21-0.40 as moderate, 0.41-0.60 as moderate,
0.61-0.80 as substantial, and 0.81-1.00 as almost
perfect agreement (McHugh, 2012). Analysis of the
construct validity of the creative thinking ability
instrument using the Confirmatory Factor Analysis
(CFA) test using the Jamovi application. The
provisions used to determine the results of the
analysis as Table 2(Dimitrov, 2012; Teo, 2013).

Table2.CFA Analysis Result Reading

Criteria

Recommendation value

Chi-square (X%

Expectedly small

X?2- significance probability >0.05
Tucker-Lewis Index (TLI) >0.90
Comparative Fit Index (CFI) >0.90
Root Mean Square Error of Approximation (RMSEA) <0.08

Furthermore, the items used as questions were also
analysed with the Rasch model. Determination of
item fit model using (Winstep 5.3.6) computer
application. Terms of item fit with Rasch-RSM
with several criteria:

1) Outfit MNSQ value with a range of 0.5 < Outfit
MNSQ < 1.5,

2) Outfit Z-Standard with range -2.0 < ZSTD <
+2.0, and

3) Point Measure Correlation value with range 0.4
< Pt Mean Corr< 0.85(Dimitrov, 2012; Linacre,
2002; Meyer, 2014).

I11.  Resultand Discussion
Research with the 4-D model is divided
into four stages. The first stage is the identification

stage and the identification results are obtained in
the form of lab work indicators developed from
science process skills. The second stage is planning
in the form of an instrument model that will be
developed for laboratory work and the third stage is
the preparation and development of laboratory
work evaluation instruments by involving experts
and field tests so that a product is produced that is
feasible to use to measure laboratory work from
learning activities in the science laboratory. The
fourth stage is the dissemination of research results
through science teacher training activities in
Sleman-Yogyakarta junior high schools so that the
research results can be adapted for the evaluation
of science learning in schools.
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Stage Design

IV. RESULT

This stage is to prepare a prototype of the device developed in the form of basic and integrated science process
skills dimensions and their indicators. The product of this planning stage is an evaluation instrument indicator to
measure students' laboratory work skills as shown in Table 4.

Table 4.Laboratory Work Assessment Indicators

Assessment Aspect Indicators
Observation . Use one or more senses to gather information about objects/events
o Sensing differences and similarities between objects
. Identifying characteristics of objects (shape, colour, size and texture)
Classification . Identifying characteristics that are useful for classifying objects of
observation
. Classify observed objects based on their characteristics (similarities and
differences or observable criteria)
. Compile and use the classification system in tabulation or other forms
Measuring . Measure the object of observation using appropriate measuring instruments

Using Time / Space
Relationship to the
object of research

Using
Numbers/Numbers/Sy
mbols for Data
Analysis
Communication

Predicting

Inference

Identifying and
Controlling Variables

(the level of accuracy that is in accordance with the object of measurement or
accompanied by the uncertainty value of the measuring instrument)

. Observe the object with the eye position perpendicular to the object of
observation

o Using standard and non-standard measurements to describe the object of
observation

o Describe the condition of the object of research (from the initial condition,
during the experiment process, and after the process ends)

. Describe the condition of the object of research that is compared with other
objects (between independent variables in the experiment)

. Designing patterns / reciprocal relationships (between independent and
dependent variables in the experiment)

. Analyse rough data (quantitative/ qualitative)

. Use number values/numbers/symbols in research variables

o Write down the meaning/physical meaning based on the analysis results

. Correctly convert information (experimental data) into other forms, such as
graphs, tables, and diagrams

o Correctly read information (experimental data) given in the form of graphs,
tables, etc.

. Choosing the best way to present certain types of information (experimental
data)

. Use facts (experimental data) to write the sequence of processes/symptoms
in the experiment

. Use patterns in the sequence of processes/symptoms in an experiment to

determine processes/symptoms for which no information was collected in the
experiment

. Predict events/symptoms based on previous observations/experiences

. Organise/arrange observational data in a logical sequence that aids
understanding of the object of study

. Develop an explanation for an event/process/symptom based on
observations

. Analyse explanations for events/processes/symptoms with cause and effect
patterns

. Identify research variables (independent variable, dependent variable, and

control variable)
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Assessment Aspect Indicators
. Describing each research variable (independent variable, dependent variable,
and control variable)
3 Keeping all control variables constant when manipulating only independent
variables
Data Interpretation . Identify the relationship between research variables (positive/negative,
linear/non-linear/quadratic)
o Make conclusions based on data with clear sentences
. Provide reasons that support the conclusion
Formulating . Formulate a statement in the form of a hypothesis that is relevant to the
Hypotheses object of research
. Formulate a statement in the form of a hypothesis that can be tested with
experiments
o The hypothesis statement contains research variables (independent variable
and dependent variable)
Experimentation 3 Choose a research design that suits the object of research (to test the
hypothesis)
. Using safe procedures while conducting research (before and after practicum
the tools are in neat condition, no tools are damaged by practitioners)
. Using equipment (tools and materials) that are appropriate to the object of
research

In addition, for the scoring format from score 1 to 4 according to the categories that appear both during
laboratory activities and from the experimental reports that have been prepared by students. The assessment
rubric for scoring each aspect of the assessment is shown in Table 5.

Table 5.Rubric for Scoring in Laboratory Work Assessment

Category Score
Learners fulfil all observation indicators 4
Learners fulfil two indicators 3
Learners fulfil only one indicator 2
Learners do not fulfil any of the indicators 1
a. The validity of the research instrument

Stage Develop

This stage is to produce a laboratory work
evaluation instrument that meets the validity
standards from the content, construct, and
empirical aspects. The development stage includes
the following.

a. Making laboratory work assessment
instruments based on science process skills

b. Product validation by experts covering
aspects of construct, content, and language for each
item and

c. Field test with first semester science
education students of Yogyakarta State University
in the Basic Physics | course.

The results of stages (b) and (c) were used as the
basis for revising the developed product. The data
that has been obtained is analysed quantitatively
and qualitatively. Details of data analysis in this
study are as follows.

describes the extent to which the product developed
actually describes what is to be measured, namely
lab work skills. The validity analysis includes
construct, content, and language from the results of
expert judgement of the products developed by
experts analysed using Aiken's formula(Aiken,
1985). The validity of the instrument estimated
through testing the feasibility or relevance of the
content, namely rational analysis by a competent
panel or through expert judgement, consists of
construct, content, and language developed. The
results of the content validity test of the product
through five science education experts with an
assessment of five categories, namely very good
(SB), good (B), quite good (CB), less good (KB),
and very less good (SKB) using Aiken's formula as
Table 6.
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Table6. Results of Validity Analysis of Laboratory Work Instruments with the Aiken Formula

Expert Assessment Results v Result

Assessment Aspects from Experts 1 > 3 2 5

Content

The laboratory work assessment sheet is in line with the
indicators.

The assessment sheet is homogeneous and logical in terms of 5 4 5 5 5 0,95 valid
material.

The assessment sheet has one correct or most correct answer. 5 5 4 4 5 0,9 Valid
Construct

The laboratory work assessment sheet is formulated clearly
and firmly.

The main formulation on the laboratory work assessment
sheet is a necessary statement only.

The principal of the laboratory work assessment sheet is a
clue to the correct lab performance.

The laboratory work assessment sheet does not contain
statements that are double negative.

The length of the formulation on the laboratory work
assessment sheet is relatively the same.

Languge

The laboratory work assessment sheet uses language that is
in accordance with Indonesian language rules.

The laboratory work assessment sheet does not use local

5 4 5 4 5 0,9 Valid

5 4 5 4 5 0,9 Valid
5 4 5 5 5 0,95 Valid
5 5 4 4 5 0,9 Valid
5 4 5 4 5 0,9 Valid

5 5 5 5 5 1 Valid

5 4 5 4 5 0,9 Valid

5 5 5 5 5 1 Valid
language.
The laboratory work assessment sheet uses communicative 5 5 4 4 5 0.9 valid
language.

The laboratory work assessment sheet does not repeat words
or phrases that do not constitute a single unit of 5 4 4 4 5 0,85 Valid
understanding.

Description of expert assessment results:
1 = very poor (VP)
2 = less good (LG)
3 = good enough (GE)
4 =good (G)
5 = very good (VG)
Determination of valid or invalid based on Aiken table for 5% or p value <0.05 is 0.80..

b. Fleiss Kappa statistic or interater reliability was also used to fulfil the reliability aspect of the
instrument. The results of the Fleiss Kappa statistics analysis are shown in Table 7.

Tabel 7.Result of Fleiss' Kappa Statistics

95% ClI
Ratings Fleiss' kappa SE Lower Upper
Overall 0,821 0,147 0,651 0,883
4 0,821 0,147 0,651 0,883
5 0,821 0,147 0,071 0,883

Note. 45 subjects/items and 5 raters/measurements. Confidence intervals are asymptotic.

The result of interater reliability analysis with Kappa statistic as shown in Table 7 is 0,821.

c. Quantitative to qualitative scale conversion analysis of the results of expert assessments related to the
feasibility of the products developed from the aspects of content, construct, and language with the provisions of
the lowest assessment score criteria of one and the highest of five. The item assessment based on the feasibility
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instrument shows that the average ideal score of the three aspects of the assessment instrument device (Xi) = %
(ideal maximum score + ideal minimum score) = 36,00. Standard Deviation of the ideal score of the three
aspects (SBi) = % (ideal maximum score - ideal minimum score) = 8 as shown in Table 13.

Table8.Instrument Feasibility Criteria

Score Interval Qualitative Data
X>524 Very Decent
428<X<524 Feasible
33.2<X <4238 Decent Enough
23.6< X <332 Not Decent
X <236 Very less worthy

The expert assessment after being converted obtained the following results.

Table9.Results of Feasibility Assessment of Laboratory Work Assessment Instruments

Product Feasibility Total Feasibility Score (X) Result Description
Laboratory Work Instruments 56.2 X>524  Very Decent
d. Analysis of the validity of the instrument construct was analysed with Confirmatory Factor Analysis

using computer applications, the results are shown in Table 10.

Tablel10.Analysis Results of Factor Loadings in CFA

Factor Indicator Estimate SE z P Stand. Estimate

Factorl D1 0.367 0.0831 3.22 0.001 0.550
D2 0.327 0.0771 164 0.100 0.538
D3 0.386 0.0922 419 <.001 0.573
D4 0.356 0.0934 381 <.001 0.545
D5 0.402 0.0880 456 <.001 0.634
D6 0.432 0.0889 4.85 <.001 0.639
D7 0.475 0.0871 545 <.001 0.728

Factor2 T1 0.347 0.0956 2.58 0.010 0.579
T2 0.377 0.0774 487 <.001 0.665
T3 0.394 0.0801 493 <.001 0.683
T4 0.299 0.0844 354 <.001 0.506

All values of the standard estimate show above 0.50. In addition to the results of factor loading analysis, the
results of Factor Covariances analysis as Table 11.

Tabel 11.Analysis Result of Factor Covariances

Estimate SE Z P Stand. Estimate

Factor 1 Factor 1 1.000 =
Factor 2 0.829 0.119 6.96 <.001 0.829

Factor 2 Factor 2 1.000 =

a fixed parameter
|
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Tabel 11.Analysis Result of Factor Covariances

Estimate SE Z P Stand. Estimate

The results of the factor covariances analysis show that there is covariance between factor 1 and factor
2. The standard estimate value is 0.829 or greater than 0.5 so that the construct validity of the integrated science
process skills variable is fulfilled and can be used as a measuring tool. In addition, from the aspect of absolute
fit measures, the overall goodness-of-fit and badness-of-fit measures for the entire model include: Chi-Square,
Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and Root Mean Square Error of Approximation
(RMSEA).

Table 12.Analysis Result of Chi-Square
e daf P

542 43 0117

The value of p> 0.05 on Chi-Square indicates a suitable model, namely there is a match between the
indicators and the measured variables including basic science process skills consisting of 8 aspects of measured
assessment and integrated science process skills consisting of 4 aspects of measured assessment.

Tabel 13.Analysis Result of CFA

RMSEA 90% ClI

CFI TLI RMSEA Lower  Upper

0912 0.901 0.0677 0.00 0.118

The Tucker-Lewis Index (TLI) measure is
also called the non-normed fit index (NNFI). This
measure is a measure for comparing between
models that considers the number of coefficients in
the model. A TLI value > 0.9 is a good fit, while
8.0 < TLI < 9.0 is a marginal fit. The Comparative
Fit Index (CFI) measure is a revised form of the
Normed Fit Index (NFI). It is less sensitive to
sample size (Fan, Thompson, & Wang, 1999).
Compares the fit of the target model to the fit of the
independent or null model. The value should be >
0.90. RMSEA is a measure of the average
difference per degree of freedom expected in the
population. Root Mean Square Error of
Approximation (RMSEA) value < 0.08 is good fit,
while RMSEA value < 0.05 is close fit. Model path
diagram to explain the construct validity of the
laboratory work assessment instrument as Figure 2.

(fe2)

Figure2.Path Diagram of Laboratory Work
Instrument
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The path diagram explains that the lab
work measurement instrument consists of basic and
integrated science process skills. There is a
relationship between basic and integrated skills. In
addition, factor 1 as a basic science process skills
variable consists of several indicators, namely
observation (D1), classification (D2), measuring
(D3), using time/space relationships (D4), using
numbers/numbers/symbols (D5), inference (D6),
communication (D7), and predicting (D8). While

factor 2 as an integrated science process skills
variable consists of several indicators, namely
identifying and controlling variables (T1), data
interpretation (T2), formulating hypotheses (T3),
and experimentation (T4). The path diagram model
is appropriate or fit model from the results of
confirmatory analysis (CFA). Furthermore, the fit
model can be seen from the instrument reliability
of each variable as shown in Table 14.

Table 14.Reliability Analysis Results
Factor 1 Factor 2
0.768 0.647

Reliabilitas
McDonald's ®

Gabungan
0.813

Reliability of factor 1 (basic science process skills) is seen from the Omega Coefficient coefficient
value with a value of 0.768 in the good enough category. Reliability of factor 2 (integrated science process
skills) is seen from the Omega Coefficient coefficient value with a value of 0.647 which is quite good. The
reliability of the instrument as a whole (basic and integrated science process skills) is seen from the Omega
Coefficient coefficient value with a value of 0.813 excellent category.

e. Analysis of item fit with the Rasch model (model 1 PL) using Winstep obtained the results as shown in
Figure 3 and Figure 4.

SUMMARY OF 12 MEASURED Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
o |
| MEAN 186.3 57.0 .00 26 1.00 .8 1.91 .1
| s.D. 8.4 e] .57 a1 15 .9 .17 .9 |
| Max. 202.0 57.8 1.13 28 1.20 1.2 1.30 1.4 |
| MIN. 169.0 57.0 -1.18@ 25 .76 -1.5 74 -1.6 |
= o m |
| REAL RMSE .27 TRUE SsD .50 SEPARATION 1.85 Item RELIABILITY .77
|MODEL RMSE .26 TRUE SD .50 SEPARATION 1.93 Ttem

|
RELIABILITY .79 |
| S.E. OF Item MEAN = .17 |

Figure3.Summary Results of Rasch Model Fit Item Analysis

The summary results of item analysis of Rasch model fit show the mean value of OUTFIT MNSQ is
1.01 and OUTFIT ZSTD is 0.1. This value is in accordance with the provisions of the rasch model fit, so the
instrument is in accordance with the rasch model. In addition, the reliability value of the instrument shows 0.79
with a fairly good category.
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SUMMARY OF 57 MEASURED Person

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
| |
| MEAN 39.2 12.8 2.94 58 99 @ 1.91 .1
| s.D. 4.2 ] 1.34 a8 .36 1.0 38 1.8 |
| max 47.0 12.0 6.14 1.05 2.44 3.6 2.38 3.4 |
| mIN 27.8 12.@ -.74 53 .39 -1.8 38 -1.9 |
= |
| REAL RMSE .62 TRUE SD 1.19 SEPARATION 1.93 Person RELIABILITY .79

|MODEL RMSE .58 TRUE SD 1.21
| S.E. OF Person MEAN = .18

SEPARATION

|
2.88 Person RELIABILITY .81 |
|

Figured. Summary Results of Person Fit Analysis of Rasch Model

The summary results of the person analysis of the Rasch model fit show the mean value of OUTFIT
MNSQ is 1.01 and OUTFIT ZSTD is 0.1. The value is in accordance with the provisions of the rasch model fit,
so the instrument is in accordance with the rasch model. In addition, the reliability value of the instrument shows
0.81 with a very good category. In addition, the results of the analysis of each item can also be seen from Figure

5.

|ENTRY  TOTAL TOTAL MODEL|  INFIT | OUTFIT |PT-MEASURE |EXACT MATCH|
|[NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |
[ e e e e fommmm o R — |
| 1 202 57 -1.10 28(1.11 .6]1.19 .8| .52 54| 63.2 695.4| D1

| 2 198 57 -.80 27]|1.20  1.2]1.36 1.4| .41 55| 59.6 66.9| D2

| 3 169 57 1.13 25| .96 -.1] .95 -.2| .65 58| 64.9 65.6| D3

| 4 189 57 -.16 26(1.14 g8|1.12 7| .55 57| 57.9 65.2| D4

| 5 182 57 30 25| .87 -.7| .84 -.9| .e5 57| 7@.2 e64.9| D5

| 6 184 57 17 26| .95 -.3] .95 -.2| .68 57| 64.9 64.9| D6

| 7 181 57 36 25| .76 -1.5| .74 -1.8| .74 57| 77.2 e4.6| D7

| 8 185 57 10 26(1.15 9|1.14 .8| .48 57| 52.6 64.9| D8

| 9 178 57 56 25|1.17 9|1.15 .9] .51 58| 54.4 65.3| T1

| 10 189 57 -.16 26| .81 -1.2] .78 -1.3| .68 57| 77.2 65.2| T2

| 11 191 57 -.30 26| .83 -1.8|1.e3 .2| .58 56| 78.2 65.5| T3

| 12 188 57 -.10 26|1.83 2|1.80 | .se 57| 71.9 65.2| T4

[ e e e e fommmm o R — |
| MEAN 186.3 57.@ 20 26|1.00 e|1.e1 1| | 65.4 65.8]

| s.D. 8.4 .0 57 e1| .15 9| .17 9| | 7.9 1.3]

Figure 5.Results of Analysis of Each Item on Rasch Model Fit

The results of the analysis of each item against the
Rasch model fit all item numbers are within the
Rasch model fit criteria range, namely Outfit
MNSQ with a range of 0.5 < Outfit MNSQ < 1.5,
Outfit Z-Standard with a range of -2 < ZSTD < 2,
V. DISSCUSSION

Research and development are used to
develop science laboratory work assessment
instruments to measure students' science process
skills. The stages of this research and development
follow the stages proposed by Thiagarajan et al.
(1974)which consists of define, design, develop,
and disseminate(Paidi, 2011; Subali, 2019;
Thiagarajan et al., 1974).

The design stage in this study develops

Point Measure Correlation value with a range of 0.4
< Pt Mean Corr< 0.85(Dimitrov, 2012; Linacre,
2002; Meyer, 2014).

indicators that are the constituents of the science
laboratory work assessment tool as well as the
format or prototype form of the research product
which includes basic and integrated science process
skills(Kurniawati, 2021; Rezba, 2002). Basic
science process skills consist of the ability to
observe, classify, measure, use time/space
relationships, use numbers/symbols, inference,
communication, and predict. Meanwhile, integrated
science process skills consist of the ability to
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identify and control variables, interpret data,
formulate hypotheses, and experiment. The
instrument was prepared based on the results of the
formulation of the instrument lattice that had been
identified in detail as Table 4.

The develop stage shows several stages of
testing of the research products that have been
produced. The testing involved science education
experts to ensure that the laboratory work
assessment indicators met the validity in terms of
content, construct, and language. Table 6 shows
that from the results of the Aiken Formula analysis
all indicators have met the validity because all are
above 0.80(Aiken, 1985; Retnawati, 2014). In
addition, the results of Fleiss Kappa analysis show
that there has been an agreement between
validators with almost perfect categories (Cohen,
1988; McHugh, 2012). In addition, the results of
empirical testing with confirmatory factor analysis
from the aspects of %, p, CFI, TLI, and RMSEA
have met the criteria as Table 2. As Table 10 shows
that if the standard value of the estimate on factor
loading is greater than or equal to 0.5, the indicator
in question is valid and significant in measuring a
construct. The results of Factor 1 analysis for
indicators of observation (D1), classification (D2),
measuring (D3), using time / space relationships
(D4), using numbers / numbers / symbols (D5),
inference  (D6), communication (D7), and
predicting (D8) are all greater than 0.5 so that the
construct validity of the basic science process skills
variable is met and can be used as a measuring tool.
In addition, the results of factor 2 analysis for the
indicators of identifying and controlling variables
(T1), interpreting data (T2), formulating
hypotheses (T3), and experimentation (T4) are all
also greater than 0.5 so that the construct validity
of the integrated science process skills variable is
met and can be used as a measuring tool. In
addition, the results of the fit analysis with the
Rasch model as Figure 3, Figure 4, and Figure 5
show that the Rasch model fit criteria are met. All
items in the empirical test on 293 students in basic
physics practicum activities were fulfilled, namely
1) Outfit MNSQ value with a range of 0.5 < Outfit
MNSQ < 1.5, 2) Outfit Z-Standard with a range of
-2.0 < ZSTD < +2.0, and 3) Point Measure
Correlation value with a range of 0.4 < Pt Mean
Corr < 0.85 (Dimitrov, 2012; Linacre, 2002;
Meyer, 2014).

V1. CONCLUSION
The conclusion of this study shows that the
4-D model development research is effectively used
in developing laboratory work assessment

instrument products to measure students' science
process skills. In detail, the results are stated as
follows.

1. The  laboratory  work  assessment
instrument to measure students' science process
skills is valid based on Aiken's formula, feasible,
and reliable according to science education experts
from the aspects of content, construct, and
language.

2. Developed laboratory work assessment
instruments to measure science process skills that
quantitatively fulfil the validity of the construct and
Rasch model.
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