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 The transition to online learning during the pandemic has significantly 

impacted Indonesian students’ physics learning motivation. Recognizing the 

need for culturally relevant tools to assess this motivation, this study aims to 

adapt the physics motivation questionnaire (PMQ) to the Indonesian context. 

This research, which was conducted on 107 secondary and vocational school 

students, had a balanced gender distribution and used survey methodology. 

The PMQ, which was adapted from the biology motivation questionnaire 

(BMQ) through a rigorous forward-backward translation process, was 

analyzed for its psychometric properties using the Rasch model. This 

analysis focuses on the content aspects of construct validity, assessing 

content relevance, representativeness, and technical quality. The results 

show that the PMQ, using a 4-point Likert scale, effectively addresses these 

elements, thus confirming its reliability and applicability in the Indonesian 

educational environment. This study concludes that the culturally adapted 

PMQ is a valuable instrument for evaluating Indonesian students’ motivation 

to study physics, especially in the context of ongoing changes in the 

educational landscape. 
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1. INTRODUCTION 

Developing cognitive and non-cognitive tests is complex, necessitating an extensive literature 

review and demanding substantial time [1]. This task becomes increasingly challenging as the demand for 

culturally sensitive instruments rises exponentially in various fields. Instruments designed for one cultural 

context often require adaptation for others to ensure relevance and efficacy. The growing trend in adapting 

these instruments across different disciplines and cultural contexts is evidenced by recent studies [2]–[6]. 

However, adaptation involves more than mere translation; it requires careful consideration of the 

socio-cultural nuances of the target audience. Established adaptation procedures, such as those proposed by 

Hambleton [7] and Lee et al. [8], offer systematic approaches, yet they also reveal the complexity of this 

process. The onset of the pandemic has accelerated a shift in educational modes, transitioning abruptly from 

traditional face-to-face learning to fully online environments. This sudden change has impacted educators 

and students, altering physical and psychological learning spaces and consequently affecting student 
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motivation [9]. Research indicates that motivated students are more effective in independent learning 

contexts [10], [11]. Thus, assessing and understanding learning motivation becomes crucial, particularly in 

these changed circumstances. 

The science motivation questionnaire (SMQ) by Glynn et al. [12], a tool with proven efficacy in 

both science and non-science contexts, has undergone significant revisions from its original 30-item, five-

dimension format to the more streamlined SMQII with 25 items across five factors [12], [13]. This 

instrument's versatility is demonstrated through its adaptations in diverse cultural settings, including Greece 

[14], Turkey [15], Spain [16], the Czech Republic [17], and China [18]. In Indonesia, specific adaptations 

have been made for dental students by Wardhany et al. [19] and for science students by Aini et al. [20]. 

However, while informative, these adaptations have yet to comprehensively address the psychometric 

properties of SMQII, particularly in the context of the Rasch model and Likert scale functionality. 

Furthermore, the adaptation of SMQII in specific academic disciplines like Physics remains limited, 

unlike its applications in Mathematics [10], Chemistry [14], [15], and Biology [17]. For instance, study by 

Fiorella et al. [10] transformed SMQII into the mathematics motivation questionnaire (MMQ), while Salta 

and Koulougliotis [14] and Dindar and Geban [15] developed chemistry-focused versions. Janštová and 

Šorgo [17] streamlined the original SMQ into a more concise 14-item biology motivation questionnaire 

(BMQ). Drawing from these adaptations, our study focuses on tailoring the BMQ for the field of Physics. 

Given the practical advantages of shorter questionnaires, such as higher respondent participation 

rates [17], we aim to balance brevity with comprehensiveness. While classical test theory, used by Janštová 

and Šorgo [17], provides some insight, it falls short in reporting detailed psychometric properties, such as 

item-level reliability and Likert scale functionality. To address these gaps, our study employs the Rasch 

model to provide a more nuanced understanding of the psychometric qualities of motivation questionnaires in 

Physics, thus building upon and expanding the existing literature. 

 

 

2. RESEARCH METHOD 

This survey-quantitative research adheres to the guidelines for the Rasch model, which suggests that 

a sample size between 50 and 250 participants is appropriate for achieving a well-fitting model [21]. To 

ensure data stability with an accuracy of 0.5 logits at a 95% confidence level, the study recruited 107 students 

from state senior high and vocational schools, with a gender distribution of 66 males (61.7%) and 41 females 

(38.3%). We excluded two students (1.8%) with extreme scores to preserve the statistical validity of our 

findings [22], [23]. 

The physics motivation questionnaire (PMQ) was meticulously adapted from the BMQ [17], 

undergoing a rigorous forward-backward translation process by an experienced English lecturer specializing 

in applied linguistics [6]. The biological terminology was carefully contextualized into the domain of 

physics, ensuring content relevance for the target demographic. The adapted instrument's readability was then 

validated through a pilot test with a group of students. The PMQ's motivational scale comprises 14 items 

across three dimensions-motivation (Mo), self-efficacy (SE), and responsibility (Re)-using a 5-point Likert 

scale to capture responses. 

For data collection, we utilized Google Forms, facilitating an efficient and accessible online survey 

process [24]. Collaboration with local school teachers ensured a smooth distribution of the questionnaire, and 

we emphasized to students the confidentiality and academic non-consequential nature of their participation, 

securing voluntary and unbiased responses. Students typically completed the questionnaire within 15 to 20 

minutes. The psychometric quality of the PMQ was scrutinized using the Rasch model, with raw data 

prepared in Microsoft Excel and analyzed through Winsteps software [25]. This process evaluated the PMQ’s 

construct validity, focusing on content relevance, representativeness, and technical quality [26]. Additionally, 

we investigated the functional use of the Likert scale, an essential factor in the interpretability of the PMQ 

results. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Content relevance 

Content relevance is critical in understanding the relationship between test items and the measured 

construct, particularly student motivation in learning physics. To accurately gauge this, the PMQ was adapted 

from the well-established BMQ, a process meticulously undertaken by Janštová and Šorgo [17]. This 

adaptation involved tailoring the BMQ’s content to reflect the unique aspects of physics, ensuring that the 

questionnaire resonates with the specific interests and challenges physics students face. The BMQ, known for 

its robust construction, underwent a rigorous validation process using a factor analysis approach. Out of the 

original 30 items, 14 were identified as fitting the model criteria, demonstrating the PMQ’s strong 
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representation of the construct domain and bolstering its content relevance. This successful adaptation 

affirms the PMQ’s utility in assessing student motivation in physics and highlights the importance of precise 

instrument modification in educational research. By capturing the essence of student engagement in physics, 

the PMQ is a valuable tool in understanding and enhancing the learning experience in this field. 

 

3.2.  Representativeness 

The strata (H) and separation (G) indices were used to assess the representativeness of the PMQ. 

These two indexes are displayed in Table 1. In this table, two critical indices, strata and separation, were 

instrumental in assessing the representativeness of the PMQ. These indices showed promising results, 

specifically designed to evaluate the instrument's ability to differentiate between varying levels of item 

difficulty and respondents' abilities. The H and G indices, with respective values of 5.14/4.09 and 3.61/2.82, 

not only exceeded the established cut-off values [27], [28], but underscored the PMQ's nuanced assessment 

capabilities. The H index, calculated using H=(4×G+1)/3 [29], further reinforced this point. Regarding 

reliability, the PMQ demonstrated robustness, with person and item reliability indicating a high degree of 

consistency in respondents' answers and the quality of the test items. These findings are complemented by a 

confidence level of 89% and 93% for person and item sizes, respectively, and an impressive Cronbach’s 

alpha score of 0.92 [30], highlighting excellent interaction quality between items and persons. 

Further analysis of the PMQ's content representativeness involved examining item quantity, 

distribution hierarchy, and gaps in item difficulty [26]. Figure 1 reveals an adequate number of items 

appropriately distributed across various difficulty levels, it also highlights a notable gap between items Mo3 

and Mo4 (0.72 logit). This discrepancy warrants further investigation to understand its impact on the PMQ's 

overall effectiveness. Nevertheless, the findings collectively affirm the PMQ's strong content 

representativeness, paving the way for its reliable use in educational contexts to measure student motivation 

in physics. 

 

 

Table 1. Summary statistic of PMQ 

 
Measure 

Separation Reliability Cronbach’s α 
Mean SD 

Item 0.00 0.66 3.61 0.93 
0.92 

Person 2.33 1.60 2.82 0.89 

 

 

 
 

Figure 1. Wright map of student learning motivation 
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3.3.  Technical quality 

The fit of empirical data to the Rasch model, particularly through the lens of infit and outfit mean-

square (MnSq) values, is a pivotal aspect in assessing the technical quality of the PMQ. While there is no 

universally accepted standard for statistical fit in Rasch measurements [31], a MnSq value close to 1 is 

generally considered ideal, with a range of 0.5 to 1.5 often cited as indicative of a good fit [26]. According to 

data in Table 2, the PMQ generally adheres to this acceptable range, with a notable exception being the Mo3 

items, which exhibit slightly elevated MnSq values, above 1.5 but below 2. This deviation suggests that 

respondents are less responsive to the Mo3 items due to the item's sensitivity or difficulty level. Interestingly, 

despite this high MnSq value, Mo3's Model S.E. is below 0.30, indicating respondents' strong comprehension 

of the item. This contrast highlights the nuanced nature of assessing questionnaire validity and suggests that 

while Mo3 deviates from the ideal fit, its impact on overall understanding may be minimal. 

In summary, despite the minor deviation observed in the Mo3 items, the PMQ generally strongly 

adheres to the criteria for technical quality set by the Rasch model. This suggests that the PMQ is a robust 

tool capable of effectively measuring student motivation in physics with high technical precision. The overall 

analysis, therefore, supports the PMQ's utility in educational assessments, with the potential for minor 

refinements to further enhance its effectiveness. 

 

 

Table 2. PMQ 14-item model fit 

Item 
Measure 

(Logit) 

Model S.E 

(Logit) 

Infit Outfit 

MnSq Zstd MnSq Zstd 

Mo1 -0.42 0.17 1.04 0.33 1.15 1.00 

Mo2 -0.48 0.17 1.08 0.65 1.06 0.44 

Mo3 1.59 0.15 1.56 3.44 1.62 3.65 
Mo4 0.87 0.16 0.65 -2.75 0.64 -2.81 

Mo5 -0.15 0.17 0.86 -1.04 0.84 -1.10 

Mo6 0.14 0.17 1.21 1.46 1.16 1.11 
Mo7 0.44 0.17 1.21 1.43 1.15 1.05 

SE1 0.11 0.17 1.06 0.46 1.04 0.34 

SE2 -0.54 0.18 1.07 0.55 1.11 0.76 
SE3 -0.42 0.17 0.87 -0.96 0.85 -1.00 

Re1 -0.70 0.18 0.79 -1.63 0.73 -1.82 

Re2 0.14 0.17 0.80 -1.44 0.83 -1.23 
Re3 0.44 0.17 0.91 -0.62 0.91 -0.60 

Re4 -1.02 0.18 0.74 -2.05 0.69 -1.93 

 

 

3.4.  Structural aspects of construct validity 

Unidimensionality, a crucial aspect of test validity, implies that an assessment measures only a 

single underlying trait [32]–[35]. This concept is particularly significant in evaluating the structural aspects 

of the PMQ's construct validity [26]. To investigate the unidimensionality of the PMQ, residual principal 

component analysis (PCAR) is employed [36], [37]. The analysis revealed that the raw variance explained by 

measures in the PMQ is 51.7%, comfortably surpassing the Rasch recommended threshold of 40% [38]. This 

high percentage indicates that a substantial portion of the variance in the data can be attributed to the primary 

latent trait measured by the PMQ, affirming its focus on a single construct. Additionally, the unexplained 

variance in the first contrast stands at 7.5%, well below the 15% limit, suggesting minimal influence from 

other dimensions or traits. 

These findings underscore the PMQ's unidimensionality, reinforcing its validity as a measure that 

accurately targets one specific latent trait–student motivation in physics. Such a focused measurement is 

crucial for ensuring that the PMQ provides meaningful and interpretable results, especially in educational 

contexts where precise assessment of student motivation is vital. However, it is essential to acknowledge that 

while PCAR is a robust method for assessing unidimensionality, continuous evaluation and potential 

refinements to the PMQ should be considered to maintain its relevance and accuracy in evolving educational 

landscapes. 

 

3.5.  Likert rating scale functionality 

To complement the assessment of the content aspect of construct validity within the PMQ, the 

functionality of its 5-point Likert rating scale was scrutinized. This step is critical in confirming that the five 

rating options are distinct and understandable to the respondents. The analysis, supported by the visual 

inspection of the response probability curve in Figure 2, indicates a notable deficiency in the respondents' 

comprehension of the second rank, 'Disagree.' The curve did not achieve a distinct peak for this rank, 

suggesting that respondents may need to differentiate it clearly from adjacent ranks. This inference is 
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quantitatively bolstered by the Andrich Threshold, which measures the distinctness between adjacent rating 

categories. The threshold between Likert 2 and Likert 3 stands at a mere 0.38 logits, falling short of the 1.4 

logits typically indicative of a clear distinction. A functional curve, as per convention [35], should display a 

peak at each rating level, signaling a well-understood and effectively utilized scale. 

The implications of these findings are significant for the PMQ's utility. The lack of a distinct and 

functional rating at the 'Disagree' level suggests a potential merging of this category with another to capture 

the nuances of respondent motivation better. This adjustment could enhance the PMQ’s accuracy in 

interpreting the degrees of agreement or disagreement expressed by the respondents. Such refinements would 

increase the reliability of the responses and, consequently, the overall validity of the measurement tool. 

 

 

 
 

Figure 2. Likert rating scale functionality probability curve in PMQ 

 

 

4. CONCLUSION 

Adapting the PMQ to the Indonesian cultural context has been a substantive endeavor, culminating 

in successfully representing the construct domain across 14 meticulously adapted items from the BMQ. The 

psychometric properties of the PMQ are evidenced by the supportive strata (H) and separation (G) indices 

alongside robust reliability metrics, affirming the test’s representativeness. Further cementing its technical 

merit, the PMQ’s infit and outfit MnSq values align with the stringent standards of the Rasch model. At the 

same time, the demonstration of unidimensionality attests to its structural construct validity. 

Notably, findings suggest that within the Indonesian cultural milieu, a 4-point Likert scale is more 

suitable than the original 5-point scale, potentially enhancing the instrument’s sensitivity and response 

accuracy. This adaptation underscores the PMQ’s applicability and relevance for high school students in 

Indonesia, offering a valuable tool for assessing and fostering motivation for physics. This research bridges a 

critical gap by elucidating the quality of a motivational tool in physics education at the high school level, 

employing the Rasch model for rigorous analysis. However, the scope for further research is ample. Future 

studies are encouraged to extend the application of the PMQ to broader demographics, including junior high 

school students and those from private educational institutions, to validate its effectiveness and enrich its 

cultural adaptability. Such endeavors will not only broaden the instrument’s applicability but also contribute 

to a more nuanced understanding of student motivation in the diverse educational landscapes of Indonesia. 
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