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Abstract: The study objectives were (1) developing a valid and reliable Affective Self-assessment Instrument of Chemistry for High
School Student and (2) discovering the chemistry affective domain ability trend of high school students based on gender. The current
development study utilized 10 non-test instrument development procedures from Mardapi. The study population was all high school
students in Yogyakarta Special Region. The sample size was 405 students categorized into two stages and sampling techniques, i.e.,
the trial stage using cluster random sampling and the measurement stage using simple random sampling. The data analysis
techniques were validity test using the Aiken index and construct validity and reliability using the second-order Confirmatory Factor
Analysis model. The study findings were (1) the Affective Self-assessment Instrument of Chemistry for High School Student had 15
valid and reliable items and 15 available items to be utilized by teachers to measure students’ affective in the learning process and
(2) the chemistry affective domain ability trend of male high school students was dominated by the “good” category and “very good”
category for female students.
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Introduction

Chemistry learning requires evaluation to discover the learning indicator achievement. The learning indicator
achievement is observed from the learning results in the cognitive, affective, and psychomotor aspects (Bloom et al,,
1956). The observation result performed on several high schools in Yogyakarta Special Region demonstrated that the
validity and reliability of the applied affective assessment instrument were unknown. The instrument utilized by
teachers was insufficient to conduct an assessment (Syamsudin et al, 2016). A study illustrated that the affective
assessment by teachers had not used the assessment regulation following the determined curriculum (Muslich, 2014).
Another fact depicts teachers merely assessing based on interactions between students and teachers since they assess
students as individuals (Kusumaningtyas et al.,, 2018). Also, another problem was discovered where teachers rarely
measure the affective domain and utilize it to advise students as the learning process improvement (Saxon et al., 2008).
School facts show that teachers understand the importance of affective assessment; however, they do not have an
appropriate instrument for affective measurement (Riscaputantri & Wening, 2018).

The validity and reliability of the affective domain measurement instrument should be known to facilitate its use
(Mardapi, 2018). Affective assessment instrument development is crucial as the assessment guideline for teachers in
the learning process to accountably measure students’ affective ability. Conversely, without a clear assessment
guideline, the assessment process is uncontrollable, and each student’s score equality is doubted (Setiadi, 2016).
Besides, the affective domain is the supporting factor for learning success in the cognitive domain (Setiawan et al,,
2013). A study revealed an insignificant difference in the cognitive domain between male and female students
(Lilleholt, 2019). Another study showed that male and female students had different problem-solving approaches.
Males tend to use daring strategies, while females tend to use procedural and familiar strategies (Cimpian et al., 2016).
Gender difference affects student motivation during learning (Marshman et al.,, 2018). This condition indicates that
several factors influence the affective measurement in the learning process. Contrasting the cognitive domain that is
measurable and concrete, the affective domain is challenging to be defined and assessed due to its abstract nature
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(Setiawan & Mardapi, 2019). There are five crucial affective types, i.e., attitude, self-esteem, value, moral, and interest
(Mardapi, 2017).

One of the instruments used to measure affective ability is a questionnaire in case studies, where students are asked to
respond (Mardapi, 2012). The instrument encouraging students to answer following the condition is using self-
assessment, where students are presented with questions and answer options with possible events. Complex students’
behaviors and limited affective assessment instrument availability, particularly in chemistry, are reasons for this
affective instrument development. Therefore, the developed affective self-assessment instrument can measure
students’ affective in the chemistry learning process.

Literature Review
Affective Domain

Learning result assessment based on the Regulation of the Minister of Education and Culture of the Republic of
Indonesia No. 23 of 2016 article 3 mentions that educational assessment includes attitude, behavior, and skill aspects.
The attitude assessment in question is teachers’ activities in acquiring descriptive information concerning students’
behaviors. The assessments may take the form of observation or other types. The affective domain is defined as
interests, attitudes, and values (Bloom et al.,, 1956). Affective is also defined as emotional attitudes or reactions against
an object, behavior on objects, and faith in objects (Hart, 1989). Moreover, the affective domain components comprise
emotions, attitudes, and behaviors (Beltran-Pellicer & Godino, 2020). Meanwhile, Binet, Simon and Tyler (Anderson &
Bourke, 2013) argued that the affective character variations are attitudes, interests, values, and self-esteem. These
characteristics reflect students’ attention and persistence in class. It is reinforced by Mardapi (2017) that there are five
crucial affective types, i.e., attitude, self-esteem, interest, value, and moral.

Attitude: The attitude term has several meanings related to the topic. Attitude can be conceptualized as the tendency to
respond positively or negatively to particular objects, situations, concepts, or people (Aiken, 1980). Students’ attitudes
on chemistry can be measured via scientific attitudes. Scientific attitudes are portrayed when students work on an
experiment completely and scientifically (Wiwin & Kustijono, 2018). Scientific attitudes include a) curiosity, b) respect
to data and facts, c) diligence, d) creativity and innovation, e) cooperation, f) open-minded, g) respect people’s opinions,
and h) sensitive to the environment (Harlen, 1985). Scientific attitudes are vital to be applied in the chemistry learning
process.

Self-esteem: Self-esteem aims to discover and utilize students’ abilities and drawbacks. It strengthens Mardapi’s (2017)
statement that self-esteem is necessary for future career paths where students can understand their strengths and
weaknesses to select an appropriate career. Student strengths can be measured using a self-esteem scale comprising
physique, moral, family, personality, social, and academic or occupation (Fitts & Roid, 1964). Self-esteem can improve
students’ academic achievements (Hosseini et al, 2016). Therefore, information regarding self-esteem becomes
teachers’ reference in improving the learning process.

Interest: Interest is defined as attention to specific objects or topics and tends to linger for a long period (Harackiewicz
et al, 2016). Interest is emphasized as a liking for a thing or an activity without commands. It can be measured through
interest, attention in learning, learning motivation, and knowledge (Slameto, 2010). Interest is considered a strong
motivator for teenagers; thus, teachers utilize this to improve student engagement in the learning process (Chen &
Wang, 2017). Therefore, interest is considered essential in the learning process success.

Value: The role of teachers is required to reinforce individual values to impact positively. A value is defined as a social
or religious rule or cultural etiquette. A value is also defined as students’ awareness of good behaviors (Bhardwaj,
2016). The affective domain in measuring values includes honesty, integrity, fairness, freedom, and commitment
(Mardapi, 2017).

Moral: Moral is defined as the idea regarding human behavior (good or bad) based on specific situations (Abadi, 2016).
Furthermore, moral is also defined as ideas commonly accepted concerning good, appropriate, and reasonable actions
(Hudi, 2017). Moral indicators are keeping promises, helping others, respecting others, being honest, and behaving
honestly (Mardapi, 2017).

These five affective types are then utilized as aspects in the affective assessment instrument. The affective assessment
in scientific learning processes is often neglected where cognitive development is prioritized (Ramma et al., 2018). It is
due to two reasons related to unsystematic affective assessment, i.e.,, many educators perceive the affective domain as
“feelings” and not becoming an educational business where the affective domain is the natural (final) result of the
cognitive domain not requiring solution during the learning process (Tyler, 1973). Affective domain had effect on the
teaching and learning processes, caused different models of its components and conditioning factor (Beltran-Pellicer &
Godino, 2020). Affective assessment is applicable through observation and self-report methods (Andersen, 1980).
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Therefore, affective assessment also used self-assessment method (Setiawan & Mardapi, 2019). Observation can be
performed on behaviors involving one’s feelings and emotions. These behaviors should follow one’s behavioral thought
type (Andersen, 1984).

Methodology
Research Design

This study aimed to (1) develop a valid and reliable Affective Self-assessment Instrument of Chemistry for High School
Student and (2) discover the chemistry affective domain ability trend of high school students based on gender. The
study was a development study with a descriptive quantitative approach. The development procedure employed 10
non-test instrument development procedures from Mardapi (2018), i.e., (a) determining the instrument specification,
(b) writing the instrument, (c) determining the instrument scale, (d) determining the scoring system, (e) studying the
instrument, (f) conducting trials, (g) analyzing the instrument, (h) assembling the instrument, (i) measuring, and (j)
interpreting the measurement outcome.

Sample and Data Collection

The study population was all XI Science class of high school students in Yogyakarta Special Region. The study samples
were divided into two, i.e., trial and measurement samples. The trial sample determination using cluster random
sampling is presented in Table 1. The measurement sample determination using simple random sampling is presented
in Table 2. The sample size in trial and measurement was adjusted to a small sample size comprising 200 students (Li,
2016).

Table 1. Trial Sample

Location School’s Name Number of Students
Bantul MAN III Bantul 59
Sleman SMA Angkasa 55
Kota Yogyakarta MAN II Yogyakarta 86
Total 200

Table 2. Measurement Sample

School’s Name Number of Students
SMAN 7 Yogyakarta 75
SMAN 11 Yogyakarta 60
SMAN 6 Yogyakarta 50
Total 205

The affective self-assessment instrument of chemistry for high school student was developed using five aspects with 15
indicators. Each aspect is represented by three indicators. These indicators were developed following the number of
indicators, i.e., 15 question items using the Likert scale with three solution alternatives (A, B, and C) (Kokom & Edwina,
2020) . The available solution alternatives are plausible events in a student’s life. The multiple-choice assessment scale
was transformed into an interval scale based on the gradation of assessments 1-3. The affective assessment concept
note in this study is depicted in Figure 1.

! Affective f

| }

| Attitude || Self-esteem || Interest || Value | | Moral |

Figure 1. The Affective Assessment Concepts

The affective self-assessment instrument of chemistry for high school student have five aspects. First, attitudes
comprising curiosity, respect for data and facts, and creativity and innovation. Second, self-esteems comprising
physique, morals, and family. Third, interests comprising learning interest, learning attention, and learning motivation.
Fourth, values comprising honesty, integrity, and freedom. Fifth, moral comprising keeping promises, respecting
others, and being honest.
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Analyzing of Data

Content validity shows that elements in a measurement instrument are relevant and representative of the
measurement objective (Haynes et al,, 1995). The items developed in this affective self-assessment instrument were
validated by five expert judges. The experts were selected based on their fields, i.e., chemistry and educational research
and evaluation. The experts assessed the instrument, scored the items, and delivered critics and suggestions to the
items via the available comment column. The score from validators was then analyzed using the Aiken formula in
equation 1 (Aiken, 1980). The valid criteria based on the Aiken table and suggestions from validators were then utilized
to improve the affective self-assessment instrument. Content validity analysis aims to improve the instrument.
Subsequently, it was subjected to a trial for construct validity.

[1]

Construct validity explains the tested items’ consistency against the theories. It is mentioned by Azwar (2018) that
construct validity proves the high correlation between measurement results from the items with the theoretic
construct underlying the instrument arrangement. Construct validity emphasizes a logical analysis using statistical
analysis results. Good validity for constructs or latent variables is achieved when (a) loading factor is = 0.30 (Sarstedt
& Mooi, 2014); (b) t-value from the loading factor is over the critical value (t-value = 1.96) (Doll et al., 1994).

r _ Ei’![

a1

Reliability was calculated using composite reliability (CR) in equation 2 (Ghadi et al., 2012). Good construct reliability is
achieved when itis = 0.7 (Lance et al., 2006).

(Ea1?
Pe = T2 Lvarte [2]

The confirmatory factor analysis result acquired the fit criteria, referring to the fulfillment of two from three fit criteria
models, ie, Root Mean Square Error of Approximation (RMSEA = 0.8) , p—wvalue =0.05 , and
Goodness of Fit Index = 0.90 (Suranto et al.,, 2014). Two from these three criteria show that the developed instrument
model is fit to the data.

Categories of Affective Domain Ability

The affective domain ability was categorized using the ideal average and ideal standard deviation. The categories are
presented in Table 3 (Mardapi, 2017).

Table 3. The Categories Affective Domain

Score Category
X =K+ 1558, Very Good
F+155B, X=X Good
¥=X¥=X-1558, Poor
X =¥ - 1558, Very Poor

Statistical Test

The statistical test employed to discover the difference of chemistry affective domain ability of high school students
was one-way Anova used SPSS. F-test one-way Anova rely to the fulfillment by three criteria, i.e, samples were
independent, identically distributes residuals are normal, and had equal variances between groups or homogeneous
(Delacre et al, 2019). The significance level was 0.05. Ho is accepted if Sig = 0.05 (Dewi et al, 2017) and
F.cicuiarion = Frapie (Mulyono et al.,, 2018).

Findings
Affective Self-Assessment Instrument

The developed affective self-assessment instrument has five aspects, i.e., attitude, self-esteem, interest, value, and
moral. Each aspect has three indiactors and three question items. The instrument was presented using the Likert scale
with three solution alternatives. The instrument quality was determined based on content validity, construct validity,
and reliability.

Content Validity

The content validity verification used the Aiken method. The assessment was performed by two chemistry experts and
five educational research and evaluation experts. The content validity analysis result shows that 15 items analyzed
using the Aiken method obtained a validity range of 0.76 — 0.95. This score was compared to Right-Tail Probabilities
{(p) for Selected Values of the Validity Coefficient (V). It was discovered that the rater number was seven and the
highest score was three; therefore, the validity acceptance score was = 0.76 (Aiken, 1985). Based on this result, all
items developed in the study instrument were valid.
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Construct Validity

The construct validity verification using the second-order CFA method is presented in Figure 2. Before discovering the
construct validity result, a statistical analysis model verification was performed. Based on Figure 2, (a)
RMSEA = 0.068 =< 0.8, fulfilling the fit criteria, (b) p — value = 0.00000 = 0.03; not fulfilling the criteria, and (c)
Goodness of Fit Index (GFI) = 0.90 = 0.90; fulfilling the fit criteria. From the three criteria, the model fit obtained two
fulfilling criteria. Therefore, it can be concluded that the second-order CFA analysis model fulfilled the goodness of fit
statistical criteria, allowing the analysis to continue.

Construct validity verification is portrayed in Figure 2 and Table 4. Figure 2 obtains the first proof where five aspects
and 15 items had a loading factor = 0.30. Table 4 delivers the second proof that 15 items acquired a t — value = 1.96
. Hence, it was discovered that 15 valid items were present to measure the chemistry affective ability of students.

Figure 2. The Result of the Second Order-CFA Analysis of Affective Self-assessment Instrument

Note: B1 : Learning interest; B2 : Integrity; B3 : Family; B4 : Ethics-moral; B5 : Physique; B6 : Learning attention; B7 :
Curiosity; B8 : Learning motivation; B9 : Being honest; B10 : Respecting others; B11 : Honesty; B12 : Respect for data
and facts; B13 : Creativity and innovation; B14 : Keeping promises; B15 : Freedom
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Table 4. The Result of the Second Order-CFA Analysis of Affective Self-assessment Instrument

Indicator Loading Factor  tvalue R® Notes

B1 0.36 - 0.13 Reference var
B2 0.33 - 0.11 Reference var
B3 0.37 - 0.13 Reference var
B4 0.45 3.42 0.21 Indicator fit
B5 0.40 3.26 0.16 Indicator fit
B6 0.46 3.19 0.21 Indicator fit
B7 0.60 4.66 0.36 Reference var
B8 0.31 - 0.095 Reference var
B9 0.36 - 0.13 Reference var
B10 0.35 3.41 0.12 Indicator fit
B11 0.47 3.63 0.22 Indicator fit
B12 0.35 - 0.12 Reference var
B13 0.51 4.55 0.26 Indicator fit
B14 0.44 3.85 0.20 Indicator fit
B15 0.39 3.35 0.15 Indicator fit

Note: Reference var: reference variable, t-value is not estimated, t-value target = 1.96.

Reliability

Reliability verification using composite reliability (.} obtained g, = 0.75. This score shows that the effective self-
assessment instrument was reliable and could properly measure in different conditions. The reliability score of = 0.7
concludes that the measurement reliability is good (Lance et al., 2006).

Chemistry Affective Ability Trend of Students

The measurement process aimed to discover the affective domain ability trend of high school students based on gender.
The chemistry affective domain measurement result of high school students in Yogyakarta Special Region is presented
in Figure 3. Based on Figure 3, it was discovered that the chemistry affective domain of students was dominated by

good and very good categories with percentages of 56% and 42%, respectively.

56% -:i'?:i\\\\ \

. 42% EVery Good

Verv Poor

Figure 3. The Chemistry Affective Domain Measurement Result

Chemistry affective abilities of students in the attitude aspect are presented in Table 5. Table 5 shows that students had
good attitudes in the chemistry learning process, marked by the very good category frequency being the most
dominant. Therefore, it is concluded that the affective ability of students in the attitude aspect was very good.

Table 5. Chemistry affective of the attitude aspect

Score Category Frequency Percentage (24}
X=723 Very good 105 51
7To=K=6 Good 83 41
6=X=45 Poor 10 5

N =45 Very poor 7 3

Total 205 100

Chemistry affective abilities of students in the self-esteem aspect are presented in Table 6. Table 6 shows that students
had good self-esteem in the chemistry learning process, marked by the good category frequency being the most
dominant. Therefore, it is concluded that the affective ability of students in the self-esteem aspect was good.
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Table 6. Chemistry Affective of the Self-esteem Aspect

Score Category Frequency Percentage (%)
X=75 Very good 76 37
79=X=6 Good 107 52
6=X=45 Poor 17 8

X = 4.3 Very poor 5 2

Total 205 100

Chemistry affective abilities of students in the interest aspect are presented in Table 7. Table 7 shows that students had
good interests in the chemistry learning process, marked by the good category frequency being the most dominant.
Therefore, it is concluded that the affective ability of students in the interest aspect was good.

Table 7. Chemistry Affective of the Interest Aspect

Score Category Frequency Percentage (%)
X=75 Very good 45 22
79=X=6 Good 123 60
G=X=45 Poor 24 12

X =45 Very poor 13 6

Total 205 100

Chemistry affective abilities of students in the value aspect are presented in Table 8. Table 8 shows that students had
good values in the chemistry learning process, marked by the very good category frequency being the most dominant.
Therefore, it is concluded that the affective ability of students in the value aspect was very good.

Table 8. Chemistry Affective of the Value Aspect

Score Category Frequency Percentage (%)
X=75 Very good 170 83
79=X=6 Good 28 14
6=X=45 Poor 5 2

X =45 Very poor 2 1

Total 205 100

Chemistry affective abilities of students in the moral aspect are presented in Table 9. Table 9 shows that students had
good morals in the chemistry learning process, marked by the very good category frequency being the most dominant.
Therefore, it is concluded that the affective ability of students in the moral aspect was very good.

Table 9. Chemistry Affective of the Moral Aspect

Score Category Frequency Percentage (%)
X=75 Very good 143 70
7o=K=6 Good 57 28
6=X=45 Poor 5 2

X =45 Very Poor 0 0

Total 205 100

Chemistry affective domain abilities of high school students based on gender are illustrated in Figure 4. Figure 4
demonstrates that Chemistry affective abilities of high school students based on gender had different abilities. It is
demonstrated by the “good” affective ability category domination in male students and the “very good” category
domination in female students. This difference was obtained from one-way Anova. The data must fulfillment three
assumpsion, i.e., 1) the data collection technique used simple random sampling showed that the data were independent
(Wong, 2015), 2) normality indicates that the two data are normally distributed, indicated by the
Sig. Kolmogorov — Smirnov (boy = 0.716 & girl = 0.060) = 0.05 (Sari & Hidayat, 2019), and 3) the chemistry affective
domain ability data had 5ig.Lavene Statistic = 0.230 = 0.05, which can be concluded to have homogeneous variance
(Akbarini et al. al.,, 2018). The result of an F{12.218) = 3.89 (Mulyono et al., 2018) and Sig. (0.001) =< 0.03 (Dewi et al,,
2017), concluding a statistically significant difference of Chemistry affective domain abilities in male and female
students.
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Figure 4. Chemistry Affective Domain Abilities of High School Students Based on Gender

Discussion

This study aimed to develop a affective self-assessment instrument of chemistry for high school student with known
quality and the chemistry affective domain ability trend of high school students. The chemistry affective was measured
from attitude, self-esteem, interest, value, and moral. The chemistry affective instrument quality was observed from
content validity, construct validity, and reliability. Content validity using the Aiken index obtain a range of 0.76 - 0.95.
[t shows that all items in the Affective self-assessment instrument of chemistry were valid with a content validity value
of = 0,76 (Aiken, 1985). Before discovering the construct validity result, a statistical analysis model verification was
performed using confirmatory factor analysis. The fit test obtained (RMSEA = 0.067) < 0.8 ,
(p — value = 0,000} = 0.0.5, and (Goodness of fit ststistic = 0.90) = 0.90. The fit test revealed that one requirement,
i.e, p — value, did not fulfill the fit criteria. Hence, it fulfill two from three criteria (Suranto et al., 2014). Construct
validity shows that 15 items fulfilled the valid criteria with aloading factor = 0.30 (Sarstedt & Mooi, 2014) and
t— value = 1.96 (Doll et al, 1994). Reliability (p, = 0.73) = 0.7 shows good reliability (Lance et al., 2006). Based on
the analysis result of the instrument quality, 15 items could be used to measure chemistry affective ability. The analysis
process follows Hidayati et al. (2021), in which standard instruments are prepared through a validation process by
expert-judgment to be refined, followed by an empirical validation process to determine the validity and reliability of
the developed instrument. The existence of an assessment process will improve students’ attitudes towards chemistry
learning (A'izzah et al,, 2017). In addition, another study revealed a relationship between affective and cognitive, where
students with good affective abilities tend to have good cognitive abilities (Rosa, 2015). It shows that affective
assessment with a good quality instrument can provide benefits for evaluating the cognitive domain.

Chemistry affective abilities were dominated in the good and very good categories, while the chemistry affective
domain ability trend between male and female students was statistically and significantly different. It is shown by the
analysis result using one-way Anova with F(12.218} = 3.89 and 5ig. (0.001 = 0.05) (Mulyono et al, 2018). It is
discovered that the affective domain abilities of male students were dominated by the “good” category while female
students were dominated by the “very good” category. High ability is an essential variable in learning since it
determines the extent of success in learning (Istiyono et al.,, 2020). It illustrates that the affective domain learning
indicators are successfully demonstrated by the dominance of the “good” and “very good” categories. The results of this
study are supported by a study showing that male and female students have different beliefs in the learning process
(Rojo Robas et al.,, 2018). Another study found evidence that the affective abilities of male and female students were
different (Adenzato et al., 2017). The results of other studies showed gender differences in students’ attitudes towards
science (Wan & Lee, 2017).

In studies that focus or include the affective domain, some researchers included gender as a variable of interest.
Kavousi et al,, (2017) showed that the differences in affective domain between male and female students, preferences
of senior high school students indicated that there were differences in the level of education and ability. Meanwhile,
male students have more physical activity than female students. Ayub et al., (2017) showed that female students better
than boys in all domains (affective, cognitive, psychomotor). Female students have a higher average mathematical
engagement than male students. High school students are teenagers, Herman-Giddens (2006) mentions that the onset
of puberty is associated with changes in affective domains such as increased emotional intensity, sensation seeking, risk
taking, sleep/arousal regulation, and affective disorders. Based on this description, it can be seen that there are several
possibilities that affect the difference in affective domains between male and female students.

Conclusion

This study instrument was developed to measure the chemistry affective domain of high school students including
attitudes, self-esteem, interests, values, and morals. The results showed 15 valid and reliable items to be used to
measure the chemistry affective. Furthermore, it is expected that this affective self-assessment instrument of chemistry
can be used by teachers in assessing the learning process. The affective domain ability trend of students was
statistically and significantly different between male and female students. The chemistry affective domain ability of
male students was dominated by the “good” category while the “very good” category dominated in female students.
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Recommendations

Referring to the study results that the affective domain assessment process is critical to be carried out using
instruments with known quality, this affective domain self-assessment instrument can be used to measure the affective
domain in the chemistry learning process in schools. Affective aspects that are measured are attitudes, self-esteem,
interests, values, and morals. The affective domain trend shows differences between male and female students; hence,
is possible to conduct an affective domain study with other affecting factors based on current technological
developments.

Limitations

The study had two major limitations. First, the research was conducted online so that only some students filled out this
instrument at one school. Therefore, several schools are needed to assess chemistry affective abilities of students.
Second, the ability estimation is carried out only in class XI science class and does not cover all levels class.
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