
 

1 

Validation 

 

MUSIC for Medical Students: Confirming the Reliability 
and Validity of A Multi-Factorial Measure of Academic 
Motivation for Medical Education 

Tehmina Gladmana, Steve Gallagherb, Anthony Alic  

aDean's Department, University of Otago, Wellington, New Zealand; bDean's Department, 
University of Otago Dunedin School of Medicine, New Zealand; cDean's Department, 
University of Otago, Christchurch, New Zealand 

 

 

Key words:  academic motivation, medical students, MUSIC, psychometric analysis, 
evaluation 

 

Contact:  Tehmina Gladman, Ph.D.,  tehmina.gladman@otago.ac.nz  University of 

Otago, Wellington, PO Box 7343, Newtown, Wellington 6242, New Zealand. +64 4 918 

6749.   

  



 

2 

 

 

Notes on contributors 

Tehmina Gladman (PhD) is a lecturer and Education Adviser at University of Otago, Wellington. Her 

background is in experimental psychology and her research interests include academic motivation and 

motivation to use technology for learning. 

Steve Gallagher (PhD) is a lecturer in eLearning at the Dunedin School of Medicine, with a 

background in behavioral psychology and an interest in learning technology and self-efficacy. 

Anthony Ali is a professional practice fellow at the University of Otago, Christchurch with a 

background in teaching and learning. He has experience and interest in student assessment, course 

evaluation, and teacher professional development. 

 

 

 

 

  



 

3 

MUSIC for medical students: Confirming the reliability and validity of a 

multi-factorial measure of academic motivation for medical education 

Abstract 

Construct: The MUSIC® Inventory measures the construct of academic motivation 

across five factors: empowerment, usefulness, success, interest, and caring. The factors 

are defined in terms of the degree the student perceives that they have control over their 

environment, that the coursework is useful to their future, that they can succeed in the 

course, that the course and instructional methods are interesting, and that the teacher 

cares about their wellbeing and their success respectively. 

Background: A valid measure of medical students’ academic motivation would provide 

medical teachers with a method for evaluating the motivational aspect of their course, 

and provide focus for changes in teaching and learning to improve medical student 

engagement. While the MUSIC® Inventory structure has been validated in the tertiary 

setting and with several professional programs, it has not been validated with medical 

students. The aim of this study was to use both classical test theory and Rasch 

modelling to assess the reliability and confirm the structure of the five-factor model of 

the MUSIC® Inventory with medical students. 

Approach: 152 medical students completed the 26-item inventory. Descriptive 

statistics, internal consistency, correlations between factors, confirmatory factor 

analysis, and Rasch analysis using the rating scale model were performed to determine 

reliability and validity. 

Findings: The five factors showed good internal consistency (Cronbach’s alpha 0.87 – 

0.92). Correlations between factors were moderate to high (r=.38 – .89). Confirmatory 

factor analysis highlighted inconsistencies in factor loadings of three of the items 

hypothesized to measure interest. Rasch analysis using the rating scale model showed 

that all items for each factor had good item fit (0.65 – 1.37). Person separation (2.28 – 

2.85) and reliability (.84 –.91) scores indicated that the scales were able to differentiate 

different levels of respondents. Item separation (2.25 – 6.97) and reliability scores (.83 

–.98) indicated that the items of the scales were being differentiated by the respondents.    

Conclusions: Rasch analysis indicates that the five factors of academic motivation 

measured by the MUSIC® Inventory account for the response patterns in data from 

medical students. However, while the factors of empowerment, usefulness, success, 

and caring showed expected reliability and validity using classical analysis, three of the 

interest items cross-loaded on to the usefulness factor. Possible reasons may include 
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ambiguity of language for the items or medical students' conception of usefulness and 

interest. Future research will explore medical students' understanding of the language 

used to measure these factors in further detail.   

Keywords 

academic motivation, medical students, MUSIC, psychometric analysis, evaluation 
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Introduction 

Student engagement is a predictor of learning and performance.1,2 The very act of being 

engaged adds to the foundation of skills essential to live a productive and satisfying life.1 Students 

who are engaged in educationally productive activities enlarge their capacity for continuous learning 

and personal development.3 The term student engagement refers to how involved or interested 

students appear to be in their learning and how connected they are to their classes, their institutions, 

and each other.4 Reviews of the literature have classified engagement into three components: 

behavioral, emotional, and cognitive.5,6 Several instruments have been designed to measure the level 

of student engagement at an educational institution and are increasingly seen as valid indicators of 

institutional excellence, including the National Survey of Student Engagement (NSSE) and the 

College Student Experiences Questionnaire (CSEQ).7  

While these instruments have utility for general higher education, they tend to focus on 

observable aspects of engagement, such as length of involvement in certain activities over a certain 

time period and self-reported measures of interest.8 Student engagement in health professional 

learning environments like medicine also requires cognitive engagement, where students are invested 

in their learning, embrace the challenge of acquiring new knowledge or skill sets, and go beyond the 

course requirements.9,10 Health professional environments require students to "think deeply about the 

content and construct an understanding that entails integration and application of the key ideas of the 

discipline."10 (p475)  

Medical education is no exception when it comes to conversations around how to measure 

and promote student engagement.9 However, medical education requires students to be involved in 

their learning not only at a behavioral and emotional level, but also at a cognitive level if they are 

going to succeed in their subsequent practice. Students who have reached the primarily clinical phase 

of learning in medicine can encounter idiosyncratic learning situations that, more often than not, 

involve clinician teachers across varied discipline rotations.11 Often, these clinician teachers have only 

sporadic and serendipitous interactions with students. This can make it challenging for the group of 

educators responsible for providing teaching and learning experiences in the medical degree to 
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develop a sense of student engagement with the curriculum over time. This idiosyncratic environment 

is also challenging for students, and to remain cognitively engaged requires a level of academic 

motivation in the students. 

Academic motivation 

Academic motivation can be defined as “a process that is inferred from actions … and 

verbalizations … whereby goal-directed physical or mental activity is instigated and sustained.”12(p272) 

Academic motivation is an important factor in learning,13 increasing a learner’s efficiency and helping 

them use their ability and talent to feel more satisfied.14 The link between motivation, teaching, and 

learning has been extensively explored with several theories highlighting the multi-factorial nature of 

academic motivation.15-17  

The relationship between engagement and motivation can be explored with reference to self-

determination theory (SDT).18,19 Simply stated, SDT posits that students will engage in their learning 

to satisfy their needs. Motivation is seen as a pre-requisite of and a necessary element for student 

engagement in learning.19 Students who have high motivation make an effort to be engaged in 

learning opportunities;20 therefore, educators can influence student outcomes by encouraging 

motivation.21 A literature review of motivation in medical education identified evidence of the 

validity of SDT in this context, and factors that could be positively influenced by educators to 

improve motivation.22   

Many clinician teachers and educators involved in the students' clinical learning phase could 

benefit from a simple, practical, and effective way to evaluate student engagement with their learning. 

By trying to determine the level of student cognitive engagement, a teacher can look at their current 

teaching context and instructional practices to determine if students are "simply participating or are 

willing to invest in learning and understanding".10(p476) One way to quantify a student’s engagement in 

their learning is through measuring their academic motivation. 

The Academic Motivation Scale,23 based on self-determination theory,18,24 relates students’ 

learning autonomy and agency to their motivation to learn. While the Academic Motivation Scale has 
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been extensively validated and used in research with medical students,22,25,26 its focus on autonomy 

and agency overlooks other important aspects of academic motivation such as: utility value27,28 and 

instrumentality;29–31 self-efficacy,32–34 expectancy-value theory,28 and self-concept theory;35 intrinsic 

interest value27 and intrinsic motivation,18 as well as flow;36,37 and other concepts of relationships such 

as caring, belongingness, relatedness, and attachment.38,39 To try to take better account of the many 

constructs theorized to influence academic motivation, Jones17,40 developed the MUSIC® Model of 

Motivation (MUSIC® Model).  

The MUSIC® Model 

Jones12,40 developed the MUSIC® Model to bring together the disparate theories and concepts 

of academic motivation into a clear and cohesive whole easily understood by teachers working with 

students of all ages,  

in any subject area (a) to design instruction that motivates students, (b) to diagnose 

strengths and weakness of instruction, and (c) to research relationships among factors 

critical to student motivation. 41(p3)  

The MUSIC® Model posits five factors that contribute to academic motivation: empowerment, 

usefulness, success, interest, and caring (Table 1).  

————————————————————————————————— 

TABLE 1 ABOUT HERE 

————————————————————————————————— 

 

From this theoretical model, Jones and Wilkins42 developed and validated the MUSIC® 

Model of Academic Motivation Inventory (MUSIC® Inventory) with 26 items made up of 4 to 6 

statements for each of the five factors in the MUSIC® Model. The instrument can be delivered at any 

time to evaluate an individual activity, a course, or a full program. Students rate each statement, 
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presented in random order, with 6-point Likert-type items (from 1=strongly disagree to 6=strongly 

agree). Students typically take less than 10 minutes to complete the inventory. The instrument is 

easily scored by calculating the mean of the scores of the statements for each factor, with higher 

values representing higher levels of the factor. Importantly, each factor is analyzed separately, 

enabling teachers to focus on particular aspects of academic motivation. The inventory does not give 

an overall academic motivation score. Jones includes versions of the MUSIC® Inventory that may be 

used with students of all ages as well as an educator version.41  

When testing the validity of a measure in a new population, a common method for doing so is 

to test its internal consistency and use confirmatory factor analysis to confirm the underlying structure 

of the measure. The College Student version of the MUSIC® Inventory was first validated in this way 

with university students in the U.S. which showed strong inter-item consistency while confirming a 

reasonable factor structure. 40,42 The inventory has also been validated with tertiary students in other 

countries such as Iceland,43 China,44 and Turkey34,43 with similar results confirming the overall factor 

structure and internal consistency of the items.  

The MUSIC® Inventory has also been validated with other university student groups in a 

number of professional courses. However, not all validation studies have found clear evidence of the 

theorized five-factor structure in the inventory. In a study of three samples of veterinary medicine 

students, a shortened 20-item MUSIC® Inventory was tested and found to have good psychometric 

properties, though one sample showed higher correlations between interest and usefulness items than 

previously noted. 45 A study of three cohorts of pharmacy students determined that the full MUSIC® 

Inventory showed good internal consistency, and confirmatory factor analysis showed reasonable 

underlying structure; however, two of the interest items had low factor loadings (<0.5) on the interest 

factor.46 Tendhar, in a study of engineering students, found good internal consistency for the items 

measuring each factor; however, exploratory factor analysis found evidence of overlap in the factor 

loadings of interest and usefulness items. 47 

While findings for the MUSIC® Inventory across several university samples have shown a 

high degree of internal consistency and validity, testing of students in professional degree programs 
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exposes potential limitations in the five-factor model. Validation studies have been conducted in the 

health professions of Pharmacy 46 and Veterinary Medicine;45 however, in both of these cases the 

students who provided data for the validation studies appear to be learning in primarily non-clinical 

components of their course at the time the data were collected. Many health professional programs 

involve learning in clinical environments, and this is a particular feature of medical education.22 

Clinical learning emphasizes student observation and participation in clinical practice, and involves a 

large number of clinician educators who work within a hard to control environment of frequent 

changes as students move through clinical rotations and placements.11,48 Factors such as the year of 

study in medical programs and teacher support have been identified as potential determinants of 

motivation in medical education.22 For these reasons, it is important to validate any measures of 

academic motivation with students who are clearly participating in clinical learning environments.  

The MUSIC® Model and its associated Inventory could provide medical teachers with a clear 

method for evaluating academic motivation in their courses; however, it is important that it first be 

validated with medical students to ensure that the structure remains robust in a primarily clinical 

education environment. As it has been successfully validated in a wide range of contexts, we 

hypothesized that the MUSIC® Inventory would be valid for use with medical students in New 

Zealand. As a result, our research question was: Is the five-factor model of the MUSIC® Inventory 

valid when used with medical students who have reached the primarily clinical learning phase of their 

instruction?  The aim of this research was to complete reliability and validity testing to determine if 

the underlying factor structure of the MUSIC® Inventory is present in a medical student group.  

Methods 

Participants and Procedures 

Participants were medical students in their Advanced Learning in Medicine (ALM) program 

(years 4-6) at the University of Otago Medical School (OMS) in New Zealand, a three-year clinical 

clerkship program that follows the two-year Early Learning in Medicine program. Students attend one 
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of three campuses for ALM, where one campus has approximately 240 students and two have 

approximately 360 each. 

Students were contacted via the medical school’s learning management system and asked to 

complete the MUSIC® Model of Academic Motivation Inventory41 online to measure their general 

perceptions of the medical program as whole, encompassing their perceptions of their pre-clinical and 

clinical learning from the perspective of a student in a clinical learning environment, and 

demographic questions. Participation was voluntary. Consent was obtained as an entry point to the 

questionnaire. The survey was open from 23 August to 30 September, 2018 (5.5 weeks) with two 

reminders. The online survey was set up according to detailed instructions in the user manual for the 

College Student, present tense, major/program level version.41 

Instrument  

Students completed the MUSIC® Model of Academic Motivation Inventory (College Student, 

present tense, major/program level version) which includes statements measuring empowerment (5 

statements), usefulness (5 statements), success (4 statements), interest (6 statements) and caring (6 

statements). Items were ranked on the following scale: 1=Strongly Disagree, 2=Disagree, 

3=Somewhat Disagree, 4=Somewhat Agree, 5=Agree, 6=Strongly Agree (Appendix 1). Mean scores 

were then calculated for each set of items leading to five scores on the inventory for each student.41 

As recommended,41 the inventory was adapted slightly to terminology used in the medical program. 

Four terms were changed to reflect local terminology: ‘course(s)’ was changed to ‘module(s)’, 

'instructor(s)' was changed to 'tutor(s)', 'grade' was changed to 'mark', and ‘instructional’ was changed 

to ‘teaching.’  Students were also asked to complete six demographics questions asking them for their 

age range, gender (using standard New Zealand census language), campus, year (4th, 5th or 6th), 

ethnic group (New Zealand census choices) and mode of entry into the medical program (via first year 

health sciences, graduate, or alternative entry). 
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Analysis Methods 

Descriptive statistics and classical test analysis, including confirmatory factor analysis, were 

completed using RStudio, Version 1.2.1578. 49 Rasch analysis was performed with Winsteps, Version 

4.4.7.50 

Descriptive Statistics 

Demographic characteristics of the student sample were calculated. The Kaiser-Meyer-Olkin 

Measure of Sampling Adequacy (KMO) was calculated (using the psych 1.8.4 package51) to 

determine if our sample size had sufficient power to conduct a confirmatory factor analysis. KMO 

values over .70 are considered to indicate adequate sampling for factor analysis.52 Bartlett’s test of 

sphericity was used to measure the suitability of the data for confirmatory factor analysis. Bartlett’s 

test of sphericity compares the data correlation matrix to the identity matrix to determine if they are 

equivalent. If the correlation matrix equals the identity matrix then the variables have no relationship 

with each other and an analysis of structure would be inappropriate.52 

Classical test analysis  

Internal consistency of each of the five scales of the inventory was assessed by calculating 

Cronbach’s53 alpha values. Cronbach’s alpha is a measure of the internal consistency of a scale and is 

one method for determining the interrelatedness of items within a scale.54 Cronbach alpha scores of 

.70 or higher are considered to be a good indication of internal consistency of a scale.54 Inter-scale 

correlations were tested using Pearson’s correlation coefficient. Moderate positive inter-scale 

correlations were expected, based on previous studies.40,45 

Confirmatory factor analysis 

Confirmatory factor analysis (CFA) was conducted using lavaan 0.6-1 package in R55 to 

determine the fit of the five-factor structure theorized in the MUSIC® Model in this student group. We 

also scrutinized the factor loadings of each item of the 26-item Music® Inventory to determine if the 

inventory was fit for purpose. As in previous work,40,45 it was predicted that the individual items of 

each scale of the inventory would load on to their expected factor. 
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Rasch analysis 

Rasch analysis was conducted using Winsteps, version 4.4.750 to consider the item and person 

fit for each factor of the MUSIC® Inventory to the model. Rasch analysis, based on the Rasch model, 

is a type of latent trait modelling that transforms ordinal data to interval data by converting the raw 

data to logits. Logits have the properties of interval scaling and allow for probabilistic modelling of 

data.56 A Rasch analysis assumes that a scale has a single underlying dimension, or latent variable, 

and measures the relationship between actual responses to items on the scale and a theoretical model 

of the responses.57 This measure allows us to determine how well the scale separates people based on 

their responses, and the distribution of the items measuring the latent variable of interest from those 

easiest to endorse by respondents to those most difficult to endorse.58 This allows us to determine if 

the items for the scale represent the breadth of the latent variable and if there are redundant items in 

the scale.57  It is generally considered appropriate to use Rasch analysis as an alternate psychometric 

method when analyzing the structure of an existing measure that uses ordinal data.59   

The first step was to conduct a test of dimensionality to confirm that the MUSIC® Inventory 

was multidimensional and therefore that it was appropriate to treat each scale within the inventory as 

a separate unidimensional measure. We then tested the dimensionality of each individual scale to 

confirm that it represented a unidimensional measure. To test the fit of our data to the model, we used 

the rating scale model60,61 to test item fit using information-weighted fit (infit), outlier-sensitive fit 

(outfit), and point-measure correlation for each scale.  

The rating scale model was used because the MUSIC® Inventory uses common Likert-type 

items for each scale.62 It is also more robust in contexts where items may have fewer than ten 

responses within some categories. Finally, the rating scale model uses a fixed threshold which makes 

the fewest assumptions about the data.62,63 We tested scale reliability using both person separation and 

reliability, and item separation and reliability. Person separation indicates how well the items 

differentiate between people being measured64,65 while item separation considers how well 

respondents are able to differentiate between items.57,65 Both person and item reliability can be 

interpreted in a manner similar to Cronbach alpha values.57 
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Results 

Descriptive statistics  

In total 156 students out of 882 students across the three campuses completed the survey (152 

useable for analysis), giving a 17% response rate. One student did not complete the demographic data 

questions. Most students were 21 to 24 years of age (108/155, 69.7%), female (92/155, 59.4%), NZ 

European (109/155, 70.3%), and had entered through the first-year health science category (109/155, 

70.3%). There were 64 (41%) 4th year students, 38 (25%) 5th year students, and 53 (34%) 6th year 

students. Students represented all three campuses with 62 students from Campus 1, 43 from Campus 2 

and 50 from Campus 3. The demographics of the respondents were broadly representative of the 

population of ALM students (Table 2) with the exception of ethnicity. The sample was 

overrepresented by NZ Europeans (2 = 10.94(3), p = .012). 

————————————————————————————————— 

TABLE 2 ABOUT HERE 

————————————————————————————————— 

The KMO was .91, which confirms adequate sampling. Bartlett’s Test of Sphericity was 

significant (2 = 3122.46, p < 0.001), indicating that the correlation and identity matrices were not 

identical, therefore the data were adequately correlated to perform a structure analysis. 

Classical test analysis 

Inter-item correlations were in the high-moderate to high range for each of the expected 

scales (Cronbach’s alpha .87 – .92) with scale intercorrelations (Pearson’s correlation coefficients) 

showing expected moderate correlations between all but one pair of the five factors (Table 3).  

————————————————————————————————— 

TABLE 3 ABOUT HERE 

————————————————————————————————— 
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The correlation between usefulness and interest was stronger than expected (r = .89) indicating 

possible overlap between these two factors.  

Confirmatory factor analysis 

Confirmatory factor analysis was calculated stipulating a five-factor solution (Figure 1) with 

oblique rotation. Fit indices showed a 2 of 633.170, comparative fit index (CFI) of .885, Tucker-

Lewis index (TLI) of .870, root mean square error of approximation (RMSEA) of .089, and a 

standardized root mean square residual (SRMR) of .062. For standard cut-off criteria for measures of 

fit, we would expect to see a CFI of .90 or higher with RMSEA and SRMR of .05 or smaller.66 As 

values for the five-factor solution did not show a good enough fit to consider the model to be properly 

identified,66,67 a post-hoc scrutiny of the factor loadings of the items was undertaken.  

Scrutiny of the factor loadings of the individual items showed that while items for four of the 

factors loaded as expected, three of the interest items loaded on to the usefulness factor (Table 4). The 

statements representing the interest construct that loaded onto the same factor as the usefulness items 

were those items focused on the coursework itself, while the interest items related to the instructional 

methods in the course loaded on the interest factor. 

To try to determine if a more appropriate structure was present, we undertook a further set of 

factor analyses based on the path diagram and factor loadings. An adapted five-factor analysis was 

performed which collapsed the usefulness items with the three interest items that loaded onto the 

same factor with usefulness, leaving the three further interest items as their own factor. Fit indices 

were similar to the theoretical five-factor model (2 = 603.17, CFI = .89, TLI = .88, RMSEA = .085, 

SRMR = .061). A six-factor model also showed similar fit indices (2 = 575.04, CFI = .90, TLI = .89, 

RMSEA = .082, SRMR = .059). Finally, we performed an adapted five-factor model without the three 

poorly loading interest items to determine if removal of these three items would improve the fit of the 

structure. Fit indices showed greatest improvement with the three coursework interest items removed 

(2 = 467.17, CFI = .91, TLI = .89, RMSEA = .086, and SRMR = .061). Consideration of the factor 
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loadings of the individual items also shows stronger factor loading for items overall when the three 

interest items were removed from analysis (Table 4). 

————————————————————————————————— 

TABLE 4 ABOUT HERE 

————————————————————————————————— 

Rasch Analysis 

Overall item results 

To confirm that the MUSIC® Inventory is multidimensional, a test of dimensionality was 

completed on the full inventory. The test of dimensionality exposed three contrasts with eigenvalues 

over 2 (2.70 – 4.83) and two further contrasts with eigenvalues of 1.43 and 1.89. As contrasts with 

eigenvalues over 2 are generally considered to represent sets of items that are different from the noise 

of unexplained variance in the model, at least three separate factors can be said to exist in the dataset.50 

Table 5 shows the item infit and outfit mean squares for each item in the scales, person 

separation and reliability for each scale, and item separation and reliability for each scale. Infit and 

Outfit mean squares for all items in each of the five scales was between 0.65 and 1.37, with positive 

point-measure correlations, indicating a good fit of the items to the model and no disordered response 

categories.68 The person reliability for each of the five factors indicated high reliability for the items 

(.84 – .91).64 The person separation for each of the scales was also good, showing that the items were 

able to separate respondents appropriately (2.28 – 2.85).58 Item separation was also within acceptable 

limits (2.25 – 6.97)58 with similar item reliability (.83 – .98). 

—————————————————————————— 

TABLE 5 ABOUT HERE 

————————————————————————————————— 
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Scale Results 

To ensure that each factor was unidimensional, a test of dimensionality was performed. For 

four of the five factors – empowerment, usefulness, success, and caring – no contrast was found to 

measure over 2.0, suggesting that those factors are unidimensional.39 Table 5 shows the item 

difficulties from most difficult (highest score) to easiest (lowest score) for the items that make up each 

of the scales of the MUSIC® Inventory. Item difficulties can be thought of as the ease with which a 

respondent will endorse the item. For example, medical students found the item, “I have flexibility in 

what I am allowed to do in the courses.” the most difficult empowerment item to endorse or agree 

with, while the item, “I have control over how I learn the course content.” was the easiest 

empowerment item to endorse or agree with. When testing the Interest items for dimensionality, one 

contrast showed an eigenvalue of 2.15, indicating a possible second dimension in the item set. Items 

2–4 were located within cluster one of contrast one and items 1, 5, and 6 were located within cluster 

three of contrast one. This clustering is similar to the factor loading differences found in the 

confirmatory factor analysis. 

Person-item maps (Wright Maps) graphically present the distribution of person responses to 

items on the left side of the map, and the distribution of item difficulties on the right side of the map. 

The mean person distribution is represented by the M on the left of the figure, and the mean for the 

item difficulties is represented by the M on the right of the figure. The Wright Maps for each of the 

scales are presented in Appendix 2. For the empowerment and interest scales, the person distribution 

and item difficulty means are less than 1 logit apart indicating that the two distributions are 

reasonably well aligned.53 However, usefulness, success and caring show differences between the 

means of over 1.5 logits indicating a possible ceiling effect in the endorsement of items. Several items 

of the empowerment, usefulness, and success scale cluster within two logits of the mean, indicating 

possible redundancy in the items (Appendix 2). The interest scale items show that items 1 ("The 

coursework holds my attention") and 6 ("The coursework is interesting to me") of the interest scale 

appear to be consistently easier to endorse than items 2–5 (Appendix 2). The items also line up 

together on two points in the distribution, with items 2–5 approximately one logit above the mean, 
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and items 1 and 6 nearly two logits below the mean. From the map, the items appear to be 

redundantly measuring two aspects of interest. Of all the scales, the items in the caring scale show the 

broadest distribution, though there is a significant gap between items 3 and 6 at the more difficult end 

of the map, and items 1, 2, 4, and 5 at the easier to endorse end of the map. There is no redundancy in 

the items, but the gap indicates the possibility that there is an opportunity to improve the scale with 

the thoughtful addition of items to fill the space between the easy to endorse and more difficult to 

endorse items. 

Appendix 2 includes the probability curves for each response category for the five scales. 

From these graphs, each category shows a clear area, or threshold, along the continuum where it is 

more likely to be chosen. This confirms the Likert-type items are differentiating people at each 

category threshold with no disordering of the categories. 

Discussion 

For medical students in later stages of their course, the MUSIC® Model of Academic 

Motivation Inventory can be used to measure the five individual scales in the model with high degrees 

of internal consistency and reliability. As a first step towards validating the model in medical students 

who are in the clinical phase of instruction, this is a promising measure of its respective underlying 

constructs of academic motivation. Very good internal reliability of each of the five individual scales 

was seen with Cronbach’s Alpha of .87 – .92, which confirms previous research showing that the five 

individual scales are internally consistent and reliable.40,46 However, the inter-scale correlations were 

higher than seen in previous validity research for the MUSIC® Inventory,40,45,46 indicating possible 

overlap of scale concepts in this student context. If a correlation of .69 is the cutoff for moderate 

correlations (meaning the scales share 48% of the variance),69 then the interest scale is highly 

correlated with usefulness (r = .89).  

The confirmatory factor analysis also indicated a somewhat weaker fit for the five-factor 

model than seen previously.40,45,46 Although competing models were tested, including a five-factor 

model based on the factor loadings and a six-factor model separating the two aspects of the interest 
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factor, none showed an improvement in model fit as compared to the theoretically constructed five-

factor model. From this we may speculate that a possible higher order or bifactor model of the interest 

data may be involved. However, while our data are consistent with that found in the studies of 

pharmacy and veterinarian students,45,46 before considering alternative models, it would be 

appropriate to first establish whether these results are replicated in similar samples drawn from 

different medical student populations.  

The Rasch analysis indicated that overall the items fit well in the model, with infit and outfit 

mean squares in the range considered to be well-specified.68 Based on previous research, person and 

item separation scores over 2.0 may be considered good differentiation while scores over 3.0 show 

excellent differentiation.57,58 As separation indices for both person and item separation in this sample 

were over 2.0, the individual scales of the MUSIC® Inventory were able to differentiate across the 

range of students completing the inventory as well as across the range of items within the scales. 

However, several of the scales showed slight ceiling effects in the person distribution and some 

redundancy in the items. Our data suggest that the items used to measure each of these scales could be 

refined; however, this was outside the scope of the current research.   

Possible explanations for the anomalous results found in the confirmatory factor analysis may 

relate to differences between this New Zealand medical school student cohort and previously 

researched student groups. For example, these medical students might be misinterpreting the language 

used in the items of the MUSIC® Inventory. While some items were appropriately adjusted to reflect 

local education language preferences, perhaps the language itself was ambiguous. Since these students 

were in a clinical clerkship period of their course, they may find the term “coursework” confusing. 

We wanted them to interpret coursework to mean both in-class types of assignments as well as the 

clinical and independent learning opportunities, but this may have been too broad a definition.  

It is also possible that the variation across the three clinical years and three campuses has 

added variance to the results of the program version of the inventory. Previous studies focused on 

validating the individual course version of the inventory rather than the program version.40,45,46 A 

previous validation study with students in a veterinary medicine programme45 combined data from 
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different years of study within the program in order to create appropriately sized samples for analysis, 

and showed that one sample had higher correlations between two MUSIC scales than the others. This 

suggests that differences in learning context may influence the stability of the factor structure.  

Finally, the poorer fit of the interest items in our model with our dataset could be due to how 

our medical students are conceptualizing the items measuring interest. This inference has some 

support from the recent work by Tendhar47 who found an overlap between interest and usefulness in 

his work with engineering students; the study of pharmacy students by Pace and colleagues46 which 

found that the same three interest items showed lower loadings on the interest factor; and the work by 

Jones, Byrnes and Jones45 which found high correlations between usefulness and interest (r = .79) in 

one of their samples of veterinary school students. In each of these three cases, the students are part of 

a program where they already have a strong sense of professional identity. In these cases, the students 

may consider useful coursework to be interesting by definition, particularly if the specific questions 

could be misconstrued as being related to personal interest rather than the model focus of situational 

interest (Table 1). 

Overall, the results show promise for the use of the MUSIC® inventory in measuring 

academic motivation in medical students. The inconsistencies with some previous work demonstrate 

the importance of validating instruments with particular student groups whose educational context 

differs from previously validated student groups. In addition, the pattern of inconsistencies found in 

this study and other work45–47 in professional programs suggests that further research to tease out the 

apparent overlap between interest and usefulness in professional learning contexts is justified. Despite 

these inconsistencies, the factor structure is generally supported by our analysis and we consider that 

the MUSIC® inventory can be used in medical education contexts to support educational and 

professional development where issues with student motivation are identified. For example, using the 

inventory to assess motivation within different components of a medical program might identify areas 

where motivation is lower than other parts of the course. In this situation, the medical school could 

investigate whether curriculum modification or teacher professional development is needed to address 

issues with student academic motivation. Previous research with pharmacy students, for example, 
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identified part of the course with lower expectations for student success by using the MUSIC® 

inventory, and used this information to implement an intervention to address this aspect of academic 

motivation.46   

Limitations 

Although this study was undertaken with care, there are some limitations that should be 

acknowledged when interpreting the data. Despite the KMO analysis confirming that the sample size 

was adequate for the validity study, the low response rate and lack of ethnic representation in the 

sample introduced the possibility of non-response bias in our results. The possibility exists that 

students who responded are more similar to one another than students who did not respond which 

could have impacted the correlation and CFA results. It might be that our sample is biased to include 

more highly motivated students, which might have the effect of increasing our scores on the MUSIC 

scales. There is some evidence of ceiling effects as visualized in the Wright maps, and a biased 

sample is one possible explanation for this effect. However, further work with a higher response rate 

would be required to investigate this possibility. We also obtained data from a relatively 

representative sample in terms of campuses, gender, and year (when compared to the most recent 

publicly available data70,71) giving us some confidence in our results. Instrument items were not pre-

tested with a pilot sample to ensure that the terms used were understood similarly by this student 

population as the item language had been adapted to the local context. We intend to address these 

limitations in future work. 

Future Work  

Our next step will be to engage with a sample of students using qualitative methods to 

determine student perceptions of the language used in the program version of the MUSIC® Inventory. 

At this time, we may be able to tease out whether students are conceptualizing the interest items as 

defining personal interest or situational interest. Alongside this work, we will attempt to replicate our 

results with a larger and more diverse sample of medical students to develop a clearer picture of how 

medical students conceptualize usefulness and interest.  
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To determine if the sample size or the program version of the inventory influenced our 

results, we plan to conduct discriminant and convergent validity testing using the present and past 

tense College Student version of the MUSIC® Inventory with a larger sample size, focusing on 

specific modules and within specific year groups. We also plan to begin the process of validating the 

MUSIC® Inventory for staff in order to compare staff and student perceptions of the academically 

motivational aspects of a module in medical education.    

Conclusion 

The aim of this research was to complete reliability and validity testing to determine if the 

underlying factor structure of the MUSIC® Inventory is present in a medical student group. While our 

initial evaluation of the full MUSIC® Inventory suggests the program version of the instrument 

incorporating the full interest scale is not yet entirely appropriate for use with medical students, the 

modified MUSIC® Inventory appears to be a reliable and internally valid measure of its respective 

underlying constructs of academic motivation. With the future work detailed above, the MUSIC® 

Inventory has potential to give medical teachers a clear measure of students’ academic motivation, 

enabling them to determine where the strengths and weaknesses lie in their current context and 

strategically design teaching and learning opportunities that increase student engagement. 
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Table 1. the MUSIC® Inventory constructs and their definitions. 

MUSIC Model 
Constructs 

Definitions 
The degree to which a student perceives that: Related constructs 

Empowerment he or she has control of his or her learning  

environment in the course 

Autonomy (Deci & Ryan, 
1991) 

Usefulness the coursework is useful to his or her future Utility value (Wigfield & 
Eccles, 2000) 

Success he or she can succeed at the coursework Expectancy for success 
(Wigfield & Eccles, 2000) 

Interest the instructional methods and coursework are 
interesting 

 

Situational interest (Hidi & 
Renninger, 2006) 

Caring the instructor cares about whether the student  

succeeds in the coursework and cares about  

the student’s well-being 

Caring (Noddings, 1992) 

From the “User Guide for Assessing the Components of the MUSIC® Model of Motivation” (2017) 
by B. D. Jones available at www.theMUSICmodel.com © Brett D. Jones. 
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Table 2: Demographic data of sample compared with population 

 

Demographics Category Number Percent ALM Population extrapolated from 
2014-2016 entrance data 

Age1 2 Under 21 3 1.9%  

 21-24 108 69.7% 62.4% 

 25-35 39 25.2% 34.3% 

 36-60 5 3.2% 3.3% 

     

Gender1 2 Male 61 39.4% 42.2% 

 Female 92 59.4% 57.8% 

 Prefer not to say 2 1.3% -- 

     

Campus3 Wellington 62 40.0% 36.5% 

 Christchurch 43 27.7% 36.8% 

 Dunedin 50 32.2% 26.6% 

     

Year3 4th 64 41.3% 33.8% 

 5th 38 24.5% 32.1% 

 6th 53 34.2% 34.1% 

     

Ethnicity1 2 NZ European 109 70.3% 57.2% 

 Maori 12 7.7% 13.1% 

 Pacific 3 1.9% 5.9% 

 Other 30 19.4% 40.6% 

     

Mode of entry First Year 109 70.3%  

 Graduate 30 19.4%  

 Alternate 16 10.3%  

Note: 1Population data extrapolated from: New Zealand MSOD Steering Group (September 2017). 
National report on students commencing medical school in New Zealand in 2014.; 2New Zealand 
MSOD Steering Group (July 2019). National report on students commencing medical school in New 
Zealand in 2015-2019; and 3course enrolments in the university learning management system. 
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Table 3. Cronbach’s alpha and corrected Pearson’s correlation coefficients. 

 Empowerment Usefulness Success Interest Caring 

Empowerment .87 .65 .51 .69 .52 

Usefulness  .92 .38 .89 .49 

Success   .90 .44 .57 

Interest    .91 .58 

Caring     .89 

Note: inter-item correlation for each scale (Cronbach’s alpha) in bold on the diagonal; corrected 
Pearson’s correlation coefficients between scales above the diagonal 
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Table 4. Factor loadings for five-factor solutions. 

 Empowerment Usefulness Success Interest Caring 

 Full Edited Full Edited Full Edited Full Edited Full Edited 

Empower 1 0.75 0.76         

Empower 2 0.83 0.82         

Empower 3 0.69 0.72         

Empower4 0.57 0.58         

Empower5 0.68 0.68         

Useful 1   0.65 0.58       

Useful 2   0.73 0.66       

Useful 3   0.82 0.81       

Useful 4   0.70 0.68       

Useful 5   0.79 0.78       

Success 1     0.83 0.82     

Success 2     0.80 0.79     

Success 3     0.77 0.78     

Success 4     0.89 0.90     

Interest 1   0.41        

Interest 2       0.84 0.85   

Interest 3       0.60 0.74   

Interest 4       0.48 0.59   

Interest 5   0.53        

Interest 6   0.63        

Caring 1         0.81 0.81 

Caring 2         0.86 0.86 

Caring 3         0.57 0.55 

Caring 4         0.59 0.59 

Caring 5         0.76 0.76 

Caring 6         0.63 0.62 

Note: Column one (“full”) shows the factor loadings using the full set of items. Column two 
(“edited”) shows the loadings with the three Interest items related to coursework removed. 
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Table 5. Rasch analysis item fit statistics, item difficulties, point-measure correlations and scale 
person and item separation and reliability. 

Scale Item Item 
Difficulty 

Model S.E. Infit MSQ Outfit MSQ Point-measure 
correlation 

Empowerment      

Empower 5 .40 .11 0.89 0.87 .79 

Empower 3 .27 .11 0.75 0.73 .84 

Empower 2 .14 .11 0.94 0.93 .83 

Empower 1 -.11 .11 1.18 1.12 .80 

Empower 4 -.70 .11 1.24 1.17 .73 

      

Usefulness      

Useful 3 .65 .15 0.79 0.77 .88 

Useful 1 .26 .15 1.06 1.09 .82 

Useful 2 -.22 .16 0.93 0.83 .84 

Useful 4 -.35 .16 1.25 1.13 .78 

Useful 5 -.35 .16 0.83 0.82 .84 

      

Success      

Success 3 .89 .15 1.17 1.06 .86 

Success 4 .24 .16 0.80 0.76 .84 

Success 1 -.50 .17 1.00 0.97 .85 

Success 2 -.62 .17 0.92 0.84 .83 

      

Interest      

Interest 5 .77 .13 1.18 1.16 .81 

Interest 4 .72 .13 0.72 0.74 .86 

Interest 2 .70 .13 0.81 0.80 .84 

Interest 3 .63 .13 0.93 0.90 .85 

Interest 6 -1.40 .14 1.15 1.09 .79 

Interest 1 -1.42 .14 1.23 1.32 .75 
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Caring      

Caring 6 1.39 .12 0.99 0.99 .83 

Caring 3 1.24 .12 1.21 1.31 .72 

Caring 1 -.17 .14 1.37 1.30 .77 

Caring 2 -.47 .14 0.87 0.84 .81 

Caring 5 -.70 .15 0.70 0.65 .82 

Caring 4 -1.28 .15 0.91 0.80 .77 

 

  Person Item 

  Separation Reliability Separation Reliability 

Empowerment          

 Real 2.28  .84  3.27  .91  

 Model 2.62  .87  3.43  .92  

Usefulness          

 Real 2.85  .89  2.25  .83  

 Model 3.19  .91  2.33  .84  

Success          

 Real 2.63  .87  3.48  .92  

 Model 3.03  .90  3.55  .93  

Interest          

 Real 2.67  .88  6.97  .98  

 Model 3.09  .91  7.33  .98  

Caring          

 Real 2.42  .85  6.73  .98  

 Model 2.78  .89  7.04  .98  
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Figure 1: Path diagram of theoretically based five-factor model of MUSIC® Inventory. 
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Appendix 1: MUSIC Inventory (Medical Student version, present tense, program 
level) 

  

Instructions   

Please rate the items below using the following scale:           

1 

Strongly 
Disagree 

2 

Disagree 

3 

Somewhat 
disagree 

4 

Somewhat 
agree 

5 

Agree 

6 

Strongly 
agree 

      
Thinking about the medical school programme and the courses you have taken and are currently 
taking, please rate your level of agreement or disagreement with the following statements:  

 

____ 1. The coursework holds my attention     
 Interest 

____ 2. I have the opportunity to decide for myself how to meet course goals.
 Empowerment 

____ 3. In general, the coursework is useful to me.    
 Usefulness 

____ 4. The tutors are available to answer my questions about the coursework. Caring 

____ 5. I am confident that I can succeed in the coursework.   Success 
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Appendix 2: Rasch analysis by scale 

Empowerment  

To ensure that each factor was unidimensional, a test of dimensionality was performed. For 

the empowerment factor no contrast was found to measure over 2.0, suggesting that the factor is 

unidimensional.39 Table 5 shows the item difficulties (0.40 – -0.70) from most difficult (highest score) 

to easiest (lowest score) for the items that make up the Empowerment scale of the MUSIC® 

Inventory. Item difficulties can be thought of as the ease with which a respondent will endorse the 

item. For example, medical students found the item, “I have flexibility in what I am allowed to do in 

the courses.” the most difficult to endorse or agree with, while the item, “I have control over how I 

learn the course content.” was the easiest to endorse or agree with. Empowerment showed excellent 

item separation and reliability, with item separation of 3.27, item reliability of .91. Person separation 

and reliability were relatively lower, though still good (separation = 2.28, reliability = .84).  

Person-item maps (Wright Maps) graphically present the distribution of person responses to 

items on the left side of the map, and the distribution of item difficulties on the right side of the map. 

The mean person distribution is represented by the M on the left of the figure, and the mean for the 

item difficulties is represented by the M on the right of the figure. The Wright Map for Empowerment 

is presented in Figure 2. The mean of each side of the graph is less than 0.5 logits apart indicating that 

the two distributions are reasonably well aligned.53 However, the five items of empowerment cluster 

within a two-logit span around the mean difficulty. This indicates that while there is some difference 

in the ability to endorse, or agree with, the items, they are very similar. This similarity indicates some 

redundancy in the items measuring empowerment. 
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Figure 2: Wright map showing the person-item relationship for the items measuring empowerment 
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Figure 3 shows the probability curves for each response category for the empowerment scale. 

From this graph, each category shows a clear area, or threshold, along the continuum where it is more 

likely to be chosen. This confirms the Likert-type items are differentiating people at each category 

threshold.  

Figure 3: Category probability curves for the empowerment scale. 

 

Usefulness 

  The dimensionality test indicated that the factor is unidimensional with no contrast over 2.0.  

Table 5 shows the items difficulties for each of the five items (range: 0.65 – -0.35). Similar to the 

empowerment scale, the Wright map for usefulness (Figure 4) shows the items clumped around the 

mean, distributed across slightly more than one logit. The inference from this is that the items are 
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measuring similar aspects of the usefulness factor. There is also possible redundancy in the items as 

seen by items 2, 4, and 5 located at the same location along the distribution. The mean distribution of 

the persons is over two logits higher than that for items. The higher mean for the person distribution 

suggests that students found it relatively easy to endorse the useful items, pointing to a possible 

ceiling effect.  No category peak in the category probably curves (Figure 5) is buried in another, 

indicating the respondents' ability to distinguish between the options for the items. 
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Figure 4: Wright map for the usefulness scale 
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Figure 5: Category probability curves for the usefulness scale 
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Success 

The success scale showed no contrasts greater than 2.0 in the test of dimensionality, 

indicating a unidimensional measure. Item difficulties are shown in Table 5 and range from 0.89 to -

0.62. Person and item separation and reliability indicated a good fit to the model (Table 5). Similar to 

the Wright-map for the Usefulness scale, the means for persons and items were greater than 2.0 logits 

indicating a slight ceiling effect for the person distribution (Figure 6). The four success items are 

clustered within a 2-logit distribution at the midpoint of the logit scale and there is the possibility of 

redundancy with items 1 and 2.  
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Figure 6: Wright map for the success scale 

 

Figure 7 shows the probability curves for the success scale. Each category has a clear peak with no 
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buried categories indicating good differentiation of scores across the response categories.  

 

Figure 7: Category probability curves for the success scale 

Interest 

When testing the Interest items for dimensionality, one contrast showed an eigenvalue of 

2.15, indicating a possible second dimension in the item set. Items 2–4 were located within cluster 

one of contrast one and items 1, 5, and 6 were located within cluster three of contrast one. This 

clustering is similar to the factor loading differences found in the confirmatory factor analysis. 

However, the model fit was good for the scale, with item separation and reliability of 6.97 and 0.98 

respectively, and person separation and reliability of 2.67 and 0.88 respectively (Table 5).    
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Scrutiny of the Wright Map shows similar distributions of person and item measures with the 

average person and item option measures less than 1 logit apart. However, when looking at the item 

options, items 1 ("The coursework holds my attention") and 6 ("The coursework is interesting to me") 

of the interest scale appear to be consistently easier to endorse than items 2–5 (Figure 8).  
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Figure 8: Wright map for the interest scale 
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The items also line up together on two points in the distribution, with items 2–5 approximately one 

logit above the mean, and items 1 and 6 nearly two logits below the mean. From the map, the items 

appear to be redundantly measuring two aspects of interest. The category probability curves (Figure 

9) show no disordered thresholds for the categories, with clear peaks for each category. 

 

Figure 9: Category probability curves for the interest scale 

 



 

49 

Caring 

For the caring scale, the dimensionality test confirmed a unidimensional measure with no 

contrast greater that 2.0. Table 5 shows the item difficulties from highest to lowest and the person and 

item separation and reliability. In spite of the good personal and item separations, the Wright map 

(Figure 10) indicates a large difference between the mean person and item option distributions (>1.5 

logits).  
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Figure 10: Wright map for the caring scale 
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Overall, students seemed to find the caring items easier to endorse as shown by the higher mean value 

indicating a slight ceiling effect. Of all the scales, the items in the caring scale show the broadest 

distribution, though there is a significant gap between items 3 and 6 at the more difficult end of the 

map, and items 1, 2, 4, and 5 at the easier to endorse end of the map. There is no redundancy in the 

items, but the gap indicates the possibility that there is an opportunity to improve the scale with the 

thoughtful addition of items to fill the space between the easy to endorse and more difficult to endorse 

items. Figure 11 shows the probability curves for the caring scale. Each category has a clear peak with 

no buried categories indicating good differentiation of scores across the response categories. 

 

Figure 11: Category probability curves for the caring scale 
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