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 In mathematics, the importance of emotion and motivation has long been 

appreciated. Meanwhile, the measurement of these constructs needs to be carefully 

developed. Indeed, many previous studies employed questionnaires and self-rating 

to investigate emotion and motivation in mathematics. However, researchers 

stressed that self-rating and questionnaires are vulnerable to different biases, such 

as cultural bias, social desirability bias, and individual reporting behavior, which 

could influence the reliability and validity of the responses. The present study 

employed an anchoring vignette approach and self-rating to measure emotion and 

motivation to examine its effect on reliability and validity. The study sample 

consisted of 308 Grade 8 students from urban, suburban, and rural schools in 

Mongolia. The students were administered two vignette sets and their respective 

self-rating items in 45 minutes. The study found that the anchoring vignette 

approach increased two types of reliability coefficients, including composite 

reliability and Cronbach's α, and two types of validity, such as convergent and 

discriminant validity. In sum, the results of the present study concluded that the 

anchoring vignette approach has the potential to improve the reliability and validity 

of tools to measure emotion and motivation in mathematics. 
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Introduction 

 

There has been growing interest in emotion and motivation in mathematics in the last decade (Schukajlow et al., 

2017). Emotions and motivation are conceptually overlapped; however, these two constructs are different 

phenomena (Schukajlow et al., 2017). According to Schukajlow et al. (2017), "emotion theories consider emotion-

specific motivational impulses as part of emotion, and motivation theories consider emotions as psychological 

forces that motivate action" (p. 4). Enjoyment has been one of the most stated positive emotions in the learning 

context (Pekrun et al., 2002).  Mathematics enjoyment is "… the positive emotions or pleasure a student 

experience while solving mathematical problems" (Otgonbaatar, 2021a, p. 69). Specifically, enjoyment is a 

positive emotion and is regarded as an essential part of interest (Krapp, 2005). Therefore, enjoyment can be a 

predictor of an individual's interest in mathematics (Schukajlow & Rakoczy, 2016). Emotional responses to 

mathematics can cover positive emotions, such as enjoyment and excitement, and negative emotions, such as 

panic and boredom (Grootenboer & Marshman, 2016). Moreover, emotions are an influential part of learning 

mathematics, and consistent emotional responses to mathematics result in a more stable attitude toward 
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mathematics (Grootenboer & Marshman, 2016). Particularly, Cheeseman & Mornane (2014) found that the more 

the students have positive emotions, the greater they persist in mathematical learning. According to Pekrun et al. 

(2017), math enjoyment positively affected students' grades and test scores in mathematics. If students experience 

a lack of enjoyment in mathematics class, it may lead to mathematical avoidance and mathematical anxiety 

(Wadlington & Wadlington, 2008). 

 

From the motivational framework, self-efficacy is one of the most frequently examined motivational constructs 

in education (Schukajlow et al., 2017). On the contrary, it has been disregarded in mathematics education for 

many years (Zan et al., 2006). Mathematics self-efficacy is "… the belief of a person in his/her competence to 

solve mathematical problems and tasks successfully" (Zimmermann, Bescherer, & Spannagel, 2014, p. 3). There 

is a large body of literature indicating that students who feel competent in math tend to perform better in math 

(Kitsantas et al., 2010; Skaalvik, Federici, & Klassen, 2015; Yıldırım, 2012). On the other hand, student's math 

achievement influences their math self-efficacy. Following the discussion above, the present study focuses on 

math enjoyment and self-efficacy as essential emotional and motivational constructs in mathematics. 

 

Meanwhile, measuring these constructs needs to be carefully developed (McLeod, 1994; Otgonbaatar, 2020). In 

mathematics education, McLeod (1994) pointed out from the psychometric perspective that "… questionnaire 

data were not necessarily reflecting accurately what students were thinking and feeling" (p. 640). Certainly, a 

large body of previous studies employed questionnaires and self-rating as a tool to investigate math self-efficacy 

and math enjoyment. However, researchers have stressed that self-rating and questionnaires are vulnerable to 

different biases, such as cultural bias, social desirability bias, and individual reporting behavior, which could 

influence the reliability and the validity of the responses (see, e.g., Paulhus, 1991; Primi et al., 2016; Weiss & 

Roberts, 2018). Respondents might give fake answers to the questionnaires. For instance, when students are 

requested to rate themselves on items such as "I am confident to solve a geometry problem in my math class" or 

"I enjoy solving math problems like finding the area of a triangle," they might opt for the highest category of the 

scale to attract teachers or observers (West et al., 2016). From the cultural perspective, researchers found that East 

Asians, specifically students from Japan and South Korea, are likely to choose the midpoint of the Likert-type 

scale (Chen et al., 1995).  The biases affect the actual level of an examinee's response and lead to poor quality of 

the scores (West et al., 2016). 

 

To tackle the above challenges related to measurement, researchers introduced a novel approach called "anchoring 

vignette" [AV]  in social sciences (King et al., 2004). AV is a short description or scenario about fictitious 

individuals who hold different levels of skills or facets. The respondents are asked to evaluate the individuals 

characterized in the vignettes applying the same scale for self-rating items. Then, the respondents' self-ratings are 

transformed compared to how they rated the individuals in the vignettes using a specific scoring rule explained in 

the method section. Researchers (Vonkova & Hrabak, 2015; Otgonbaatar, 2021b) noted that the application of 

AV approach is still rare in education, specifically in mathematics education, except PISA 2012. However, since 

AV approach was introduced, it has been widely used in other areas such as personality (Primi et al., 2016; Weiss 

& Roberts, 2018), job satisfaction (Kristensen & Johansson, 2008), health (Grol-Prokopczyk, 2014; Hinz et al., 

2016; Pacheco, 2019; Poksinska & Cronemyr, 2017). Moreover, although previous studies found that AV 
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approach had a positive effect on reliability (Primi et al., 2016; Weiss & Roberts, 2018; Otgonbaatar, 2021b), the 

researchers encouraged to carry out more studies on its reliability and validity. The present study aims to 

investigate the reliability and validity of the AV approach in measuring math self-efficacy and math enjoyment. 

 

Method 

Participants 

 

Participants were 308 Grade 8 students from 8 public schools in urban, suburban, and rural areas in Mongolia. 

Based on the background information, 49% of the participants were male and 51% were female. Participants were 

a mean age of 14 (SD=0.51, range=13-16). 

 

Measures and Procedures 

 

The present study employed three self-rating items for each scale such as math self-efficacy (e.g., "I feel confident 

in finding the area of a parallelogram.") and math enjoyment (e.g., "I think math is an enjoyable and cool subject.") 

followed by two vignette sets. Each vignette set consists of three vignettes, including low, medium, and high 

vignettes. The self-rating items for math self-efficacy were adopted from PISA-2003 items in Lee & Stankov 

(2013), and the items for math enjoyment were adopted from Grootenboer & Marshman (2015) and Kusmaryono 

et al. (2018). The vignette set for math self-efficacy was developed based on the guide for constructing self-

efficacy scales developed by Bandura (2006). The vignette set for math enjoyment was developed on existing 

literature, which discussed characteristics of emotion and motivation in mathematics education (e.g., Krapp, 2005; 

Pekrun, 2006; Schukajlow et al., 2017;). The vignette sets for each scale is presented in Table 1. 

 

Table 1. Vignette Sets for Math Self-Efficacy and Math Enjoyment 

Construct Vignettes 

Math self-efficacy 

Low vignette: Zaya feels he can't do it at all when he is assigned to solve problems 

like finding the size of angle x in a given figure. Generally, she often thinks that 

"I can't do it" when assigned to solve geometry problems. Based on this 

information, how much do you agree with the statement "Zaya is confident in 

solving geometry problems"? 

Medium vignette: Ganaa feels moderately confident that he can solve geometry 

problems like finding a triangle area. Because he feels somewhat unsure if he can 

proceed with some of the procedures to find the answer. Based on this information, 

how much do you agree with the statement "Ganaa is confident in solving 

geometry problems"? 

High vignette: Delger feels highly confident that she can accomplish the task 

when assigned to solve geometry problems like finding the height of a pyramid. 

Most of the time, she finds geometry problems too easy and unchallenging. Based 

on this information, how much do you agree with the statement "Delger is 

confident in solving geometry problems"? 
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Construct Vignettes 

Math enjoyment 

Low vignette: Zoloo feels math is a boring and dull subject. He doesn't enjoy 

math class. When he hears the word mathematics, he has a feeling of dislike. He 

would like to spend less time in school doing mathematics. Based on this 

information, how much do you agree with the statement "Zoloo enjoys doing 

math"? 

Medium vignette: Sometimes, Gerel feels what she learns in math class is 

uninteresting and is mostly about numbers. So, she thinks math is not very 

enjoyable. In math class, she learns about the things that interest her. Based on this 

information, how much do you agree with the statement "Gerel enjoys doing 

math"? 

High vignette: Tsogoo looks forward to his math class. Because he is interested 

in the things, he learns in mathematics. He enjoys attempting to solve math 

problems, no matter if it is hard or easy. He also enjoys talking to other people 

about mathematics. Based on this information, how much do you agree with the 

statement "Tsogoo enjoys doing math"? 

 

The participants were asked to rate themselves on the self-ratings items, and the hypothetical individuals in the 

vignettes on a 5-point Likert scale where 1=strongly disagree and 5=strongly agree. The participants completed 

the measures during the regular classroom activities. The data collection procedure was carried out based on the 

student's willingness with the permission of the school principals and math teachers. 

 

Data Analysis 

 

The current study utilized a simple non-parametric approach introduced by King & Wand (2007). The 5-point 

self-rating scales were converted into the vignette adjusted to a 7-point scale, as presented in Table 2. 

 

Table 2. Possible values to self-rated and AV- adjusted item responses. 

Responses to 

self-rating 

 Strongly 

disagree 

Disagree Neutral Agree Strongly 

agree 

  

  1 2 3 4 5   

AV adjusted 

responses 

 Lower than 

the low 

vignette 

Same as  

low vignette 

In between 

low and 

medium 

vignette 

Same as 

the 

medium 

vignette 

In 

between 

low and 

medium 

vignette 

Same as 

high 

vignette 

Higher 

than the 

high 

vignette 

  1 2 3 4 5 6 7 

Adopted from Kyllonen & Bertling (2013) 

 

It should be noted that the above rule is applicable exclusively when the vignettes are evaluated in the intended 
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order (i.e., low vignette > medium vignette > high vignette). There might be ties or violations in the responses to 

the vignettes (for example, low vignette = medium vignette > high vignette) or vice versa (for example, medium 

vignette low vignette high vignette). 

 

To address this issue, Kyllonen and Bertling (2014) proposed converting the old scale into the AV-adjusted new 

scale by selecting the lowest score among the range of potential scores. For instance, if a low and a medium 

vignette are tied, the range of attainable scores will be 2, 3, and 4. Then, the AV-adjusted new score is 2.  

 

When order violation occurs in the vignette responses, for example, a low vignette is evaluated as higher than the 

medium vignette, or the medium vignette is evaluated as greater than a higher vignette. In such cases, the two 

vignettes are considered equal. However, it should be noted that the value assigned to the higher vignette should 

be applied to create the tie. The ties are then examined, as previously stated. The same technique was employed 

for this study. The "anchor" package for the R program, version 3.0-8, was used to analyze the data (Wand, King, 

& Lau, 2016). 

 

Results & Discussion 

Findings of Vignette Analysis  

 

The vignette sets were first examined to test if the respondents comprehended the vignettes in the same manner 

as it was intended. This assumption is regarded as vignette equivalence, which is fundamental for further 

examination (King & Wand, 2007).  

 

Table 3. Descriptive Statistics of Vignette Ratings for Math Self-Efficacy and Math Enjoyment 

Vignette Math self-efficacy Math enjoyment 

 Mean SD n Mean SD n 

High vignette 4.69 0.76 308 4.76 0.60 308 

Medium vignette 2.43 1.07 308 2.53 1.08 308 

Low vignette 1.49 0.87 308 1.41 0.82 308 

 

The means and standard deviations for self-rating and each of the three vignettes are shown in Table 3. The 

vignette orders and description adhere to consistency as shown by the vignette means. In other words, the 

assumption of vignette equivalence is supported since, on average, the high vignette is rated higher than the 

medium vignette, which is ranked higher than the low vignette. 

 

Next, the vignettes' orderings for both constructs were examined. In Figure 1, the first bar presents "1,2,3" as the 

most common ordering, as 184 respondents (60%) for math self-efficacy rated the vignettes as intended. In the 

second bar, "{1,2},3" was the second most common ordering, with 86 respondents (28%) tying vignettes 1 and 2. 

Violations in vignette orderings for math self-efficacy are presented in bars 3, 5, 6, 7, 9, and 10. However, the 

violation in the ordering for math self-efficacy presented in less than 10% of the sample (9.4%). Order violation 

in the vignettes less than 10% is acceptable since it is considered a measurement error (Weiss & Roberts, 2018). 
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Figure 1. Vignette Orderings for Math Self-Efficacy (n=308) 

 

Figure 2 illustrates the vignette ordering for math enjoyment, with the first row demonstrating '1,2,3' as the most 

frequent ordering as rated by 207 respondents (67%). The second most common ordering, as depicted by the 

second row, is '{1,2},3', with 65 respondents (21%) tying vignettes 1 and 2. The violations in vignette ordering 

occur in bars 3, 5, 6, 7, 9, and 10; however, they occur in less than 10% of the sample (8.1%). Overall, for both 

constructs, the vignettes functioned well and are applicable for further analysis. 

 

 

Figure 2. Vignette Orderings for Math Enjoyment (n=308) 
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Findings of Reliability and Validity Analysis  

 

Reliability is an essential element of the validity of a survey instrument, which is regarded as the power of the 

instrument to measure a construct consistently (DeVon et al., 2007). Whereas validity is defined as "… the ability 

of the instrument to measure what it is supposed to measure for a construct" under study (Afthanorhan et al., 2014, 

p. 5). There are different types of validity in measurement. In this study, convergent and discriminant validity 

were examined since these two are suggested to be tested in measurement practice (Afthanorhan et al., 2014). 

 

Convergent Validity  

 

Convergent validity is "… correspondence or convergence between constructs that are theoretically similar" 

(DeVon et al., 2007, p. 5). To test the effect of the AV approach on convergent validity, the factor loading of two 

scales for each construct was analyzed first to determine convergent validity. For greater convergent validity, Hair 

et al. (2010) suggests that the factor loading of each item be at least 0.6. Hence, Exploratory Factor Analysis 

(EFA) was conducted for the original and AV-adjusted scale to determine factor loading math self-efficacy and 

math enjoyment. Factor loading for two scales shows two different constructs that are categorized into math self-

efficacy (1st factor) and math enjoyment (2nd factor) without cross-loading (Table 4). 

 

Table 4. Factor Loading for Original and AV-Adjusted Scale 

Item Original scale AV-adjusted scale 

 1st factor                   2nd factor 1st factor                   2nd factor 

 Math self-efficacy Math enjoyment Math self-efficacy Math enjoyment 

1 0.689  0.851  

2 0.485  0.666  

3 0.629  0.747  

4  0.701  0.838 

5  0.962  0.952 

6  0.656  0.777 

 

As presented in Table 4, after AV adjustment, factor loading for math self-efficacy ranged from 0.666 to 0.851, 

while for math enjoyment, the values ranged from 0.777 to 0.952. On the other hand, Table 4 illustrates that 

certain original scale items fell short of the required value for satisfactory convergent validity. Additional 

indicators of convergent validity include composite reliability [CR] and average variance extracted (AVE). 

Cronbach's α is determined when the items are unweighted, whereas CR is found when the items are weighted 

(Hair et al., 2014). This implies that composite reliability shows greater internal consistency than Cronbach's α. 

As stated by Hair et al. (2014), CR value of 0.7 or greater indicates excellent convergent validity and high 

reliability. Table 5 shows CR value for two distinct constructs. Table 5 shows the AV-adjusted scale is more 

reliable than the original scale. 

 

Another technique to test convergent validity is to examine the average variance extracted [AVE] for each study 
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construct. AVE value should be greater than 0.5 to achieve higher convergent validity. Again, AVE value of two 

scales for each construct was compared. Following the vignette adjustment, AVE value for mathematical self-

efficacy increased from 0.368 to 0.575, while the AVE value for math enjoyment increased from 0.615 to 0.737 

(Table 5). To achieve convergent validity, CR value should be greater than the corresponding AVE value. 

Certainly, CR value is greater than the AVE value for each construct (see Table 5). The variation between these 

two values is larger for the vignette-adjusted scale. The findings of the analysis revealed that the AV approach 

demonstrated a favorable influence on convergent validity and reliability. 

 

Table 5. Cronbach’s α, and CR and AVE Values of Original and AV-Adjusted Scale for Two Constructs 

          Original scale AV-adjusted scale 

Constructs Cronbach’s α CR AVE Cronbach’s 

α 

CR AVE 

Math self-efficacy 0.64 0.631 0.368 0.79 0.800 0.575 

Math enjoyment 0.84 0.823 0.615 0.89 0.893 0.737 

 

According to the findings of this study, the raw scale shows lower internal consistency; however, it can be 

explained by the smaller number of items on the scale. Researchers stressed that measures of internal consistency, 

for instance, Cronbach's α, are positively correlated with the number of items (Cortina, 1993). The greater the 

number of items administered, the higher the internal consistency value produced. Yet, when the raw scale is 

adjusted by the vignette responses, internal consistency increases from 0.64 to 0.79 for math self-efficacy scale 

without being affected by the smaller number of items. This result is consistent with the findings of some previous 

studies (Primi et al., 2016; von Davier et al., 2017; Kh. Otgonbaatar, 2021). Following this finding, this study 

provided another piece of evidence, which revealed that AV approach has the potential to improve internal 

consistency.  

 

Furthermore, some previous studies (Chang, 1994; Preston & Colman, 2000) reported that scales with fewer 

response categories tend to show higher reliability values than those with more response categories. In the current 

study, the original scale with 5 response categories showed a reliability coefficient of 0.631 for math self-efficacy 

and 0.823 for math enjoyment. In contrast, AV-adjusted scale with 7 response categories showed a better reliability 

coefficient of 0.800 for math self-efficacy and 0.893 for math enjoyment, respectively.   

 

Discriminant Validity  

 

Discriminant validity is "… instrument's capability to differentiate or discriminate between constructs that are 

theoretically different" (DeVon et al., 2007, p. 5). In other words, discriminant validity measures the level of 

difference between the overlapping constructs. Discriminant validity can be achieved if the square root of each 

construct's AVE value is above 0.5 and larger than the correlation coefficient between the two constructs (Fornel 

and Larcker, 1971). To see the comparison, a matrix was created in which the two values can be seen 

simultaneously (Table 6). First, the correlation coefficient value between the original and AV-adjusted scale 

constructs was provided. Then, the square root of AVE values of two constructs for both scales in bold were added 
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on the diagonal.   

 

Table 6. Correlation Coefficient and AVE Matrix of the Two Constructs 

 

Constructs 

Original scale AV-adjusted scale 

A B A B 

Math self-efficacy (A) 0.606 -- 0.758 -- 

Math enjoyment (B) 0.645 0.784 0.214 0.858 

 

As presented in Table 6, for the original scale, the square root of AVE value of math self-efficacy is smaller than 

the correlation coefficient between the two constructs. However, the value is above 0.5. For the AV-adjusted scale, 

the square root of the AVE value of both constructs is above 0.5, and larger than the two constructs' correlation 

coefficient. Apparently, after the vignette adjustment, the correlation coefficient between the constructs decreases 

while the AVE value's square root increases. The finding suggests the AV approach has an advantage in improving 

discriminant validity, similar to a result reported by Primi et al. (2016) in personality research.  Researchers 

stressed that motivation and emotion in mathematics are complicated to distinguish as these constructs are 

conceptually overlapping (Schukajlow et al., 2017). Therefore, the finding suggested that AV approach can 

provide new insight into a conceptual overlap between emotion and motivation in mathematics education from 

the measurement perspective. 

 

Conclusion  

 

This study examined the psychometric properties of the anchoring vignette approach to measure math self-efficacy 

and math enjoyment. According to the findings, the following conclusions were drawn in the present study. Firstly, 

AV approach increased two types of reliability coefficients, including composite reliability and Cronbach's alpha, 

and two types of validity, such as convergent and discriminant validity. However, this study did not test criterion 

validity which should be examined in future studies. Secondly, the AV-adjusted scale with 7 response categories 

showed a better reliability coefficient than the original self-rating scale with 5 response categories. The finding 

encourages future studies to utilize anchoring vignettes in investigating the relationship between a number of 

response categories in Likert-type scales and reliability coefficient. Thirdly, AV approach has shown a positive 

effect on discriminant validity, which means it can be an effective measure for deciding the conceptual overlap 

between emotion and motivation in mathematics. In sum, the results of the present study concluded that AV 

approach has the potential to improve the reliability and validity of tools to measure emotion and motivation in 

mathematics.  

 

In the meantime, the study investigating the effect of AV approach as a measure of emotion and motivation in 

mathematics contributes to existing literature, but there are still some limitations. Firstly, AV non-parametric 

approach utilized in this study has limitations since it considers order violation as ties. Because examining order 

violations as ties may lead to loss of data, parametric approaches for AV approach can be employed in future 

studies to deal with the disadvantage of the non-parametric approach. Secondly, the participants selected in the 

present study are only lower secondary grade students from public schools. As such, different findings can be 
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expected from a work in which wider age groups of students from different types of schools are included. 
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