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 Purpose of the study: Chemistry identity is an important affective construct in 

science education because it is associated with learning engagement, academic 

persistence, and STEM career aspirations. This study aims to evaluate whether 
negatively worded items represent substantive dimensions of the construct or 

merely methodological artifacts. 

Methodology: This study involved 300 senior high school students in Indonesia 

who completed the Chemistry Identity Scale, consisting of 27 items, including 
five negatively worded items. Data were analyzed using a comprehensive 

psychometric approach that incorporated exploratory factor analysis (EFA), 

confirmatory factor analysis (CFA), and bifactor modeling to distinguish 

substantive construct variance from method variance attributable to item 

wording. 

Main Findings: The findings showed that negatively worded items tended to 

form a distinct cluster during the exploratory stage, indicating shared method 

variance. The best-fitting CFA model was the four-factor model with an 
additional negative wording method factor. Bifactor analysis revealed the 

dominance of a general chemistry identity factor; however, negatively worded 

items contributed minimally to the general construct, suggesting that these items 

function more as sources of method variance than as substantive indicators. 

Novelty/Originality of this study: The novelty of this study lies in its 

comprehensive evaluation of wording effects in chemistry identity measurement 

through the integration of EFA, competitive CFA, and bifactor modeling. These 

findings have practical implications for educational instrument developers, 
highlighting the need for greater caution when using negatively worded items, as 

they may affect score interpretation and lead to less accurate evaluative 

decisions. 
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1. INTRODUCTION 

In science education, chemistry identity has increasingly been recognized as an important affective 

construct because it reflects how students position themselves in relation to chemistry learning. This construct 

generally encompasses dimensions such as recognition, competence/performance, interest, and sense of 
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belonging [1]-[3]. A growing body of research has shown that chemistry identity is associated with students’ 

engagement in learning, academic persistence, and even career aspirations in STEM fields [1], [3], [4]. 

Therefore, the quality of instruments used to measure chemistry identity is critically important. The scores 

generated should accurately reflect the intended construct rather than being influenced by the technical 

characteristics of the instrument itself. 

One of the most frequently discussed methodological issues in the psychometric literature is the use of 

negatively worded items in self-report instruments. This strategy was originally intended to reduce acquiescence 

bias, namely the tendency of respondents to agree with statements without carefully considering their content. 

However, empirical evidence has shown that the inclusion of negatively worded items may instead introduce 

method variance, that is, systematic variance attributable to item format rather than the substantive construct 

being measured [5]-[8]. The consequences are far from trivial. Factor structures may become distorted, reliability 

may decrease, and score interpretations may become less accurate [5], [9], [10]. For example, [9] demonstrated 

that scales combining positively and negatively worded items tend to exhibit lower reliability and less stable 

factor structures than scales with consistent item wording. Similarly, [7] found that different item reversal 

strategies can lead to non-equivalent latent structures. 

This issue becomes even more evident when examined from a response process perspective. [11] 

demonstrated that negatively worded items impose a greater cognitive burden, as reflected in longer processing 

times and a greater need for reinterpretation compared with positively worded items. [12] further emphasized 

that wording effects are not solely related to cognitive complexity, but also involve linguistic factors that 

influence how respondents interpret and reason about item meaning. In a more applied context, [13] showed that 

negative wording alone can produce inconsistent response patterns and even affect model fit. In other words, 

factors emerging from negatively worded items do not necessarily reflect substantively meaningful 

psychological dimensions, but may instead represent methodological artifacts. 

In science education, science identity and chemistry identity instruments have been widely used to 

understand the development of students’ academic identities as well as to evaluate their affective engagement in 

learning [1], [2], [14]. However, most studies in this area have primarily focused on the conceptual development 

of the construct, the process of identity formation, or the relationship between identity and other learning-related 

variables [2], [3], [15]. Psychometric evaluations that specifically examine the consequences of item design, 

particularly in relation to negative wording, remain relatively limited. Yet, within the broader fields of 

psychological and educational measurement, substantial evidence has shown that mixing positively and 

negatively worded items can produce artificial factor structures that do not fully reflect the intended construct 

[13], [16], [17]. 

This is where the research gap underlying the present study emerges. Although the effects of negative 

wording have been extensively investigated across various psychological scales, empirical evidence specifically 

examining its impact on chemistry identity measurement remains limited [2], [18]. In addition, most previous 

studies have tended to rely on a single analytical approach, making it difficult to comprehensively disentangle 

substantive construct variance from method variance [19]. This gap is particularly important because chemistry 

identity scores are frequently used as a basis for drawing conclusions about students’ affective engagement in 

chemistry learning. If the factor structure of the instrument is influenced more by item wording than by the 

construct it is intended to measure, interpretations of those scores may be misleading. 

Based on these considerations, this study evaluates the psychometric structure of the Chemistry Identity 

Scale, with particular emphasis on the impact of negatively worded items. Unlike previous studies that have 

relied on a single analytical approach, the present study integrates exploratory factor analysis (EFA), 

confirmatory factor analysis (CFA), and bifactor modeling to examine whether the factors emerging from 

negatively worded items genuinely represent meaningful latent dimensions or are more appropriately interpreted 

as methodological artifacts [19]-[21]. This approach enables a more comprehensive evaluation of the distinction 

between substantive construct variance and method variance, thereby providing a stronger foundation for 

interpreting scores derived from self-report measures of affective constructs. 

Based on the foregoing rationale, this study aims to examine the presence and magnitude of method 

variance associated with negatively worded items in the measurement of chemistry identity. Specifically, the 

study is guided by the following research questions: 

1. How do negatively worded items behave within the exploratory factor structure of the Chemistry 

Identity Scale?  

2. Do negatively worded items represent substantive dimensions or wording-related method factors in 

confirmatory models?  

3. To what extent does bifactor modeling support the dominance of a general chemistry identity factor 

relative to wording-related variance?  

By addressing these questions, this study is expected to contribute to the development of chemistry 

identity instruments that are more valid, reliable, and accurately interpretable, while also enriching the 

methodological discourse on the evaluation of self-report instruments in science education. 
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2. RESEARCH METHOD 

This study employed a psychometric validation design using a cross-sectional survey approach to 

evaluate whether negatively worded items in the Chemistry Identity Scale represent substantive dimensions of 

chemistry identity or instead introduce method variance that may affect score interpretation. The primary focus 

of this study was to evaluate the quality of the measurement structure of a self-report instrument rather than to 

examine causal relationships or the effectiveness of an intervention. 

The participants consisted of 300 senior high school students (Grades 10–12) from various regions of 

Indonesia who were enrolled in chemistry courses at the time of data collection. This sample size was considered 

adequate for factor analysis, given that sample size sufficiency in factor analytic studies depends on model 

complexity, the number of indicators, and parameter characteristics, with a moderate sample size such as 300 

generally regarded as sufficient for well-defined models [22], [23]. Participants were recruited using a 

convenience sampling technique through an open online survey. This sampling approach was deemed 

appropriate given that the study focused on evaluating the psychometric characteristics of the instrument, 

particularly item behavior and construct validity, rather than on broad population generalization. All 

participation was voluntary and anonymous. 

The instrument used in this study was the Chemistry Identity Scale, adapted from previously developed 

science identity and STEM identity instruments [14], [24]. The instrument measures four theoretical dimensions, 

namely recognition, performance/competence, interest, and sense of belonging, which represent the social, 

affective, and cognitive aspects of students’ identity formation within the context of chemistry learning. In total, 

the instrument consisted of 27 items rated on a four-point Likert scale ranging from 1 (strongly disagree) to 4 

(strongly agree), including five negatively worded items (Items 2, 7, 10, 21, and 27). These items were originally 

included to reduce acquiescence bias, defined as the tendency of respondents to agree with statements without 

carefully considering the item content [25]. However, a growing body of psychometric research suggests that 

negatively worded items may instead introduce wording effects or method effects that can distort factor 

structures and reduce measurement quality [6], [26]. 

Before administration, the instrument was reviewed through expert judgment by four specialists in 

educational psychology, chemistry education, and educational measurement and evaluation. This review aimed 

to assess content relevance, construct clarity, and linguistic appropriateness. Feedback from the experts was used 

to refine the instrument prior to data collection. Data were collected through Google Forms between October and 

November 2025, and all participants provided informed consent before taking part in the study. 

Data analysis was conducted using R software. Because the data were obtained from a four-point Likert 

scale and were therefore ordinal in nature, polychoric correlations were used, as they are considered more 

appropriate than conventional Pearson correlations for estimating relationships among latent variables in ordinal 

data [27]. Prior to conducting factor analysis, data suitability was assessed using the Kaiser–Meyer–Olkin 

(KMO) measure and Bartlett’s test of sphericity to evaluate sampling adequacy and the factorability of the 

correlation matrix. 

The number of empirically supported factors was determined using parallel analysis, which is widely 

recommended as one of the most robust approaches for factor retention, including for ordinal data [28]. 

Subsequently, exploratory factor analysis (EFA) was conducted using principal axis factoring with oblimin 

rotation to explore the latent structure and identify the possible emergence of additional factors associated with 

negatively worded items. This approach was selected because it is appropriate for evaluating latent constructs 

based on common variance and allows for correlations among latent factors, which are conceptually plausible in 

this context [29], [30]. 

To provide a more rigorous test of the measurement structure, the analysis was extended using 

confirmatory factor analysis (CFA) implemented in the lavaan package with the Weighted Least Squares Mean 

and Variance Adjusted (WLSMV) estimator, which is recommended for ordinal indicators because it provides 

more appropriate parameter estimates than approaches that assume continuous data [31]. In this study, five 

competing measurement models were compared: a one-factor model, the theoretical four-factor model, a 

positive–negative wording model, a four-factor model with an additional negative method factor, and a bifactor 

model. Model fit was evaluated using CFI, TLI, RMSEA, and SRMR, following current methodological 

recommendations [32], [33]. 

To gain a deeper understanding of the contributions of substantive variance and method variance, the 

analysis was further extended using bifactor modeling. Several additional indices were calculated, including 

Explained Common Variance (ECV), Omega Hierarchical (ωH), Percent of Uncontaminated Correlations 

(PUC), and Item-level Explained Common Variance (IECV), which were used to evaluate the dominance of the 

general factor as well as the contribution of specific factors within the measurement model [19], [24], [34]. This 

study was conducted in accordance with ethical principles for research involving human participants. All 

participants were informed about the purpose of the study, data confidentiality, and their right to withdraw from 

participation at any time without consequence. All responses were collected anonymously and used solely for 

academic purposes. 



                ISSN: 2716-3725 

In. Sci. Ed. J, Vol. 7, No. 3, May 2026:  459 – 469 

462 

3. RESULTS AND DISCUSSION 

3.1. Exploratory Evidence of Negative Item Behavior 

Before evaluating the behavior of negatively worded items within the factor structure of the Chemistry 

Identity Scale, internal reliability and data suitability were first assessed to ensure that the instrument provided 

an adequate psychometric foundation for subsequent analyses. The results indicated that the instrument 

demonstrated good overall internal consistency, with a Cronbach’s alpha coefficient of 0.878, suggesting a 

reasonably consistent pattern of inter-item responses in representing the intended construct. However, 

Cronbach’s alpha should be interpreted with caution, as it does not automatically guarantee the structural validity 

of an instrument, particularly when the construct is multidimensional in nature [18], [35]. At the dimensional 

level, the reliability coefficients showed some variation, with performance/competence demonstrating relatively 

higher reliability (α = 0.730), whereas recognition (α = 0.637), interest (α = 0.654), and sense of belonging (α = 

0.671) exhibited comparatively lower internal consistency. This variation may indicate the presence of additional 

sources of variance influencing response patterns, including the possible influence of method effects associated 

with item wording characteristics [19], [36]. 

Data suitability for factor analysis was also examined using the Kaiser–Meyer–Olkin (KMO) measure 

and Bartlett’s Test of Sphericity, which are commonly used to assess sampling adequacy and data factorability 

prior to conducting factor analysis [37]-[39]. The KMO value of 0.88 indicated excellent sampling adequacy, 

while the significant Bartlett’s test result (p < 0.001) suggested that the inter-item correlations were sufficient for 

factor analysis [40]. Overall, these findings indicate that the data were suitable for further analysis using both 

exploratory and confirmatory approaches. To address the first research question concerning the behavior of 

negatively worded items within the exploratory factor structure, a parallel analysis based on polychoric 

correlations was conducted to determine the number of factors empirically supported by the data before further 

exploration of the latent structure. This approach was selected because the data were derived from an ordinal 

Likert scale, making polychoric correlations more appropriate for representing inter-item relationships more 

accurately than conventional Pearson correlations [27], [41]. 

Figure 1 presents the results of the parallel analysis based on a comparison between the empirical 

eigenvalues and those generated from simulated data. Visually, the eigenvalues from the observed data remained 

above the simulated values beyond the theoretical four-dimensional structure underlying the Chemistry Identity 

Scale. This finding suggests that the empirical data support a more complex structure than the initial theoretical 

model, indicating the presence of additional sources of variance beyond the four core dimensions of chemistry 

identity that were conceptually intended to be measured. This phenomenon is consistent with previous findings 

showing that rating scale data may exhibit a tendency toward overfactoring when additional non-substantive 

sources of variance are present in response patterns [42]. 

 

 
Figure 1. Parallel analysis based on polychoric correlations for factor retention in the Chemistry Identity Scale. 

 

These preliminary findings were further clarified through exploratory factor analysis (EFA), which 

revealed that negatively worded items tended to form a distinct cluster, separate from the primary theoretical 
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dimensional structure. This pattern suggests that negatively worded items do not behave entirely equivalently to 

positively worded items in representing the chemistry identity construct. When items that are conceptually 

intended to measure the same construct instead cluster according to their wording format, this indicates that 

respondents’ answers may be influenced not only by their level of chemistry identity, but also by the technical 

characteristics of the items themselves. 

This interpretation is consistent with findings from the contemporary psychometric literature showing 

that negatively worded items often generate additional factor structures that do not necessarily reflect 

substantively meaningful psychological dimensions. [5] demonstrated that negatively worded items can produce 

substantial systematic variance that affects the overall measurement structure. Similarly, [9] found that 

combining positively and negatively worded items within a single instrument can weaken dimensional stability 

and reduce the psychometric quality of the measure. Likewise, [7] showed that the inclusion of reverse-worded 

items can make an instrument that is theoretically unidimensional appear multidimensional, as positively and 

negatively worded items tend to form separate factors. 

Similar findings were reported by [13], who demonstrated that separating items based on positive 

versus reverse wording significantly improved model fit, suggesting that the additional factor structure observed 

was more likely attributable to wording effects than to a genuinely new substantive construct. [6] further showed 

that this phenomenon becomes even more pronounced among respondents with lower cognitive processing 

capacity, indicating that wording effects are not merely a statistical concern, but are also closely related to 

respondents’ response processes. 

Nevertheless, these exploratory findings should be interpreted with caution. The emerging factor 

structure cannot be evaluated solely on the basis of statistical separation among items; it is equally important to 

consider whether such groupings are conceptually meaningful in representing the intended construct [43]. In this 

context, the emergence of a cluster of negatively worded items cannot be immediately regarded as merely a 

methodological artifact. [5] cautioned that factors formed by negatively worded items do not always reflect only 

noise or measurement error, but may, under certain conditions, also contain substantive meaning. Therefore, at 

this stage, the EFA findings are more appropriately interpreted as preliminary evidence of possible wording-

related variance rather than as a definitive conclusion regarding the nature of the observed structure. These 

findings subsequently provided the basis for further examination through confirmatory analysis. 

 

3.2. Confirmatory Evidence of Wording Effects 

To address the second research question, namely whether negatively worded items represent distinct 

substantive dimensions or instead form wording-related method factors, confirmatory factor analysis (CFA) was 

conducted by comparing five competing measurement models. These models included a one-factor model, the 

theoretical four-factor model, a positive–negative wording model, a four-factor model with an additional 

negative method factor, and a bifactor model. 

 

Table 1. Comparison of Measurement Model Fit Indices 

Model CFI TLI RMSEA SRMR 

1 Factor 0.941405771 0.936522919 0.110890038 0.09692834 

4 Factor 0.951846307 0.946849226 0.101470279 0.092457163 

Positive-Negative 0.957976403 0.95433349 0.094055234 0.085246314 

4 Factor + Negative Method 0.970389263 0.96679435 0.080202897 0.078128473 

Bifactor 0.959808799 0.95577708 0.092556679 0.083472085 

 

The analysis showed that the four-factor model with an additional negative method factor provided the 

best fit compared with the other competing models. This finding conveys an important implication. On the one 

hand, the theoretical structure of the Chemistry Identity Scale, consisting of recognition, 

performance/competence, interest, and sense of belonging, continued to receive empirical support. On the other 

hand, the relationships among items could not be fully explained solely by the chemistry identity construct itself, 

as additional variance was systematically associated with the negatively worded items. 

The one-factor model demonstrated the poorest fit, indicating that chemistry identity cannot be 

adequately reduced to a single, fully homogeneous construct. This finding is consistent with the conceptual 

framework underlying the Chemistry Identity Scale, which conceptualizes chemistry identity as a 

multidimensional construct [2], [3]. The theoretical four-factor model showed improved fit, confirming that the 

instrument’s foundational conceptual structure remains empirically relevant. 

However, the most substantial improvement in model fit occurred when a specific method factor for 

negatively worded items was incorporated into the model. Figure 2 illustrates this best-fitting model, in which 

the items continued to load onto their respective substantive dimensions, while the negatively worded items also 

shared additional variance through a dedicated method factor (negative wording method factor). Visually, this 
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model suggests that negatively worded items function not only as indicators of the chemistry identity construct, 

but also exhibit systematic associations arising from their shared wording format. 

 

 
Figure 2. Best-fitting confirmatory factor model showing the four substantive dimensions and the negative 

wording method factor. 

 

These findings suggest that some of the covariance among negatively worded items cannot be fully 

accounted for by the substantive chemistry identity dimensions alone, but instead reflect an additional source of 

systematic variance associated with item wording characteristics. In other words, the negatively worded items 

appear to behave differently from the positively worded indicators, contributing variance that is not entirely 

attributable to the intended substantive construct. 

This interpretation is further supported by the standardized factor loadings shown in Figure 2. Several 

negatively worded items displayed negative loadings on their substantive factors, including R7 (-0.190), P3 (-

0.093), I6 (-0.134), and B6 (-0.049), while simultaneously loading moderately on the negative wording method 

factor. This pattern indicates that these items may function differently from the positively worded indicators, 

reinforcing the interpretation that wording-related method variance is present in the measurement model. 

This interpretation is consistent with findings from previous psychometric studies. [13] demonstrated 

that when items were separated based on positive versus reverse wording, model fit improved significantly, 

suggesting that wording itself may represent a distinct source of systematic variance. Similarly, [6] found that 

models explicitly accounting for wording effects provided a better representation than simple unidimensional 

models, particularly when negatively worded items were included. Comparable findings were reported by [7], 

who showed that reverse-worded items may introduce an additional method-related latent dimension beyond the 

intended substantive dimensions, reflecting item format effects rather than the construct itself. Consistent with 

this interpretation, [44] also demonstrated that the direction of item wording can generate systematic method 

effects that influence the structure of measurement models. 

Further support comes from [10], who reported that combining positively and negatively worded items 

within a single model can reduce model fit quality, whereas models that explicitly separate wording effects often 

perform better. More broadly, [9] noted that mixed item wording may weaken the structural validity of an 

instrument, even when overall scale scores appear relatively stable. 

Nevertheless, these findings should be interpreted with caution. As emphasized by [5], the emergence 

of a factor associated with negatively worded items does not necessarily mean that the factor is purely a 

methodological artifact. In some contexts, such factors may still contain a degree of substantive variance. 

Therefore, the negative wording method factor identified in this study is more appropriately interpreted as 

evidence of substantial wording-related variance, rather than definitive proof that the variance is entirely 

methodological. 

From a methodological perspective, these findings also highlight that good statistical model fit alone 

does not automatically indicate that the observed latent structure fully reflects the intended psychological 

construct. As [19] cautioned, the evaluation of measurement models should not rely solely on fit indices, but 
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should also consider whether the sources of variance shaping the model are substantively meaningful or partly 

influenced by measurement artifacts. In this context, the CFA results suggest that the observed structure of 

chemistry identity is influenced, at least in part, by wording effects, and therefore interpretation of the construct 

should be undertaken with appropriate caution. 

 

3.3. Bifactor Evidence for General Chemistry Identity 

To address the third research question, namely the extent to which bifactor modeling supports the 

dominance of a general chemistry identity factor relative to wording-related variance, the analysis was extended 

using a bifactor model. This approach was selected because it allows for a clearer separation between variance 

attributable to the primary substantive construct and variance arising from specific factors or other non-

substantive sources. Unlike second-order models, which represent the influence of a general factor indirectly 

through first-order factors, bifactor models allow each item to load directly onto both the general factor and its 

corresponding specific factor, thereby providing a more detailed evaluation of the sources of measurement 

variance [19], [36], [45]. 

The analysis indicated that the general chemistry identity factor remained highly dominant, with an 

Explained Common Variance (ECV) of 0.859, an Omega Hierarchical of 0.858, and a Percent of 

Uncontaminated Correlations (PUC) of 0.972. Based on established guidelines for interpreting bifactor models, 

this combination of values suggests that the majority of shared variance among the items is still explained by a 

single strong general construct, namely chemistry identity [19]. These findings indicate that although some 

response variation is associated with item wording, the instrument’s primary substantive structure remains 

dominated by the psychologically meaningful construct of chemistry identity. 

These findings provide an important clarification of the earlier CFA results. In the CFA stage, the 

model including an additional negative method factor demonstrated the best fit, indicating the presence of 

wording effects within the measurement structure. However, the bifactor results suggest that the influence of this 

method effect is not sufficiently strong to override the dominance of the general chemistry identity factor. In 

other words, although wording effects are present as an additional source of variance, they do not completely 

obscure the presence of the primary substantive construct being measured. This interpretation is consistent with 

the modern psychometric literature, which emphasizes that better model fit does not necessarily imply that the 

specific factors that emerge possess strong substantive meaning. [19] argued that the evaluation of bifactor 

models should not rely solely on goodness-of-fit indices, but must also consider whether the general factor 

genuinely dominates the measurement structure. Findings from [36], and [45] likewise suggest that constructs 

that appear theoretically multidimensional may still be empirically dominated by a single strong general factor, 

requiring cautious interpretation of the subfactors. 

Nevertheless, when item contributions were examined in greater detail through Item-level Explained 

Common Variance (IECV), a more complex pattern emerged, as illustrated in Figure 3. The distribution of IECV 

values revealed a clear contrast between positively and negatively worded items. Positively worded items 

demonstrated relatively high and consistent contributions to the general factor, whereas negatively worded items 

exhibited substantially lower contributions, with some approaching zero. This pattern suggests that not all items 

contributed equally to the measurement of the general chemistry identity construct. More specifically, the 

negatively worded items appeared to make only a limited contribution to the primary construct, despite formally 

remaining part of the same instrument. 

 

 
Figure 3. Distribution of item-level explained common variance (IECV) comparing positively and negatively 

worded items. 
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From a substantive perspective, these findings suggest that responses to negatively worded items are 

likely not driven entirely by chemistry identity itself, but also by additional response processes associated with 

the way the items are formulated. In other words, some negatively worded items appear to be more sensitive to 

the format in which the statements are presented than to the substantive content of the construct they are 

intended to measure. 

This interpretation is supported by the response process literature. Using an eye-tracking approach, [11] 

demonstrated that negatively worded items require longer reading times, extended response times, and higher 

frequencies of response revision compared with positively worded items. These findings suggest that negatively 

worded items impose additional cognitive processing demands during the item comprehension stage. [12] further 

emphasized that negative wording can alter the way respondents linguistically interpret item content, meaning 

that the resulting responses may not always purely reflect the psychological construct being measured. 

On the other hand, [46] offers an important interpretive nuance by showing that factor separation 

among negatively worded items does not necessarily arise solely from respondent confusion, but may also be 

influenced by the semantic characteristics of the items, such as extreme wording or specific linguistic structures. 

Therefore, the findings of the present study do not necessarily imply that all negatively worded items are 

inherently problematic; rather, they suggest that such items may introduce additional sources of variance that are 

not identical to the primary substantive construct. 

In the educational context, these findings carry significant implications. Chemistry identity instruments 

are frequently used to assess students’ affective engagement, the development of academic identity, and even 

tendencies toward persistence in STEM fields. If some items capture responses to wording more strongly than 

the intended construct, interpretations of students’ scores may become less accurate. Therefore, although the 

overall instrument score remains supported by the dominance of a strong general factor, the quality of each 

item’s contribution should still be critically considered. 

Overall, the bifactor modeling results reinforce the interpretation that the Chemistry Identity Scale 

retains a strong general construct foundation, while negatively worded items demonstrate psychometrically less 

optimal contributions to the measurement of that general factor. Accordingly, the wording effect identified in 

this study is more appropriately understood as a source of method-related variance affecting measurement 

quality at the item level, rather than as evidence that the chemistry identity construct itself has lost substantive 

validity. 

The findings of this study provide important implications, both theoretically and practically, particularly 

for the development of self-report affective instruments in the context of science education. From a theoretical 

perspective, the results reinforce the argument that the emergence of additional factors associated with 

negatively worded items should not be automatically interpreted as substantively meaningful new psychological 

dimensions. The combined evidence from exploratory factor analysis, confirmatory factor analysis, and bifactor 

modeling suggests that some of the additional structure observed is more appropriately understood as method-

related variance rather than as the representation of a new latent construct. These findings are consistent with the 

psychometric literature showing that reverse-worded items often produce artificial multidimensionality that 

reflects method effects more than substantive constructs [6], [7], [13]. 

This study also makes a methodological contribution to the chemistry identity literature, which has 

largely focused on the relationships between identity, learning engagement, academic persistence, and STEM 

career aspirations [1]-[3], while remaining relatively limited in evaluating how item design may affect 

measurement validity. In this way, the present study extends the discussion beyond substantive issues toward the 

methodological evaluation of instrument quality. The primary novelty of this study lies in the use of a 

comprehensive evaluative approach that integrates exploratory factor analysis, competitive confirmatory factor 

analysis, and bifactor modeling to examine whether the observed factors genuinely represent substantive 

constructs or are merely methodological artifacts. 

From a practical perspective, these findings have important implications for educational instrument 

developers, particularly in encouraging greater caution in the use of negatively worded items as an instrument 

design strategy. This approach has long been employed as a means of reducing acquiescence bias, although its 

effectiveness remains debated within the psychometric literature [26], [46]. However, the findings of the present 

study suggest that the inclusion of negatively worded items may instead introduce wording-related method 

variance that can affect score interpretation. In the context of educational evaluation, this implication is 

particularly important because chemistry identity instruments are often used to inform decisions regarding 

students’ affective engagement, instructional design, and the development of STEM education programs. If part 

of the scores is influenced by wording artifacts, educational decisions based on such measurement results may 

become less accurate. 

Nevertheless, several limitations should be considered when interpreting the findings of this study. 

First, the exploratory and confirmatory analyses were conducted using the same sample, which limits the 

strength of cross-validation, as the identified structure has not yet been tested on an independent sample [47]. 

Second, the use of convenience sampling restricts the generalizability of the findings to broader student 



In. Sci. Ed. J ISSN: 2716-3725  

Negative-Worded Items Functioning as Method Artifacts in the Chemistry Identity Scale … (Yuleks Juru Mudi) 

467 

populations [48], [49]. Third, this study was conducted within the Indonesian student context, meaning that the 

potential influence of linguistic and cultural characteristics on the emergence of wording effects cannot be fully 

disentangled, particularly given that survey response styles may also be shaped by cultural factors at the 

individual level [11], [12], [50]. Fourth, this study focused on a single specific instrument, namely the Chemistry 

Identity Scale, and therefore caution is warranted in extending these conclusions to other affective instruments in 

STEM education that may differ in construct characteristics and item design. 

Based on these limitations, future research is recommended to use independent samples for the 

exploratory and confirmatory stages, conduct measurement invariance testing across different groups, and 

consider alternative approaches such as Item Response Theory (IRT) or response process-based studies to gain a 

deeper understanding of the cognitive mechanisms underlying wording effects [51], [52]. In addition, it is 

important to examine whether similar patterns also emerge in other affective instruments within STEM 

education, so that a more comprehensive understanding of the impact of wording on measurement validity can 

be established. 

 

 

4. CONCLUSION 

This study demonstrates that negatively worded items in the Chemistry Identity Scale do not function 

entirely equivalently to positively worded items in representing the chemistry identity construct. At the 

exploratory stage, negatively worded items tended to form a distinct cluster, indicating the presence of additional 

sources of variance beyond the primary theoretical structure. Subsequent confirmatory analysis showed that the 

model including a negative method factor provided the best fit, suggesting that part of the relationships among 

negatively worded items was more closely associated with wording characteristics than solely with the chemistry 

identity construct being measured. 

Nevertheless, the bifactor modeling results indicate that chemistry identity remains dominated by a 

strong general factor. These findings suggest that the presence of wording effects does not completely undermine 

the substantive validity of the instrument, but rather affects the quality of contribution of certain items, 

particularly negatively worded ones. Thus, negatively worded items in affective instruments do not necessarily 

represent new psychological dimensions, but may instead function as sources of method-related variance that 

should be explicitly considered in construct validity evaluation. 

From a theoretical perspective, this study extends the chemistry identity literature by demonstrating that 

construct validity is not solely concerned with the adequacy of theoretical model fit, but also with the ability to 

distinguish between substantive variance and variance arising from instrument design. From a practical 

perspective, these findings have important implications for instrument developers and educational evaluators, 

encouraging greater caution in the use of negatively worded items as an instrument design strategy, as wording 

effects may influence score interpretation and the quality of educational decisions based on measurement results 

if not adequately evaluated. 
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