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Abstract 

Background: Individual-centred career questionnaires are important for understanding the motivations of medical 
students. This study aimed to collect validity evidence of a questionnaire to measure the career choice of medical 
undergraduates.

Methods: A cross-sectional survey was sent to third-year undergraduate students at a Chinese university-affiliated 
hospital. The questionnaire was formed using items that were selected after a systematic literature review. Item 
reduction was conducted using Mokken scale analysis, followed by reliability and validity testing, which described the 
validity evidence of the content, response process and internal structure.

Results: The preliminary 20-item questionnaire was returned by 213 undergraduate students (response rate: 86.59%). 
To construct a monotone homogeneity model, 6 items were removed after testing for unidimensionality, local 
independence, and latent monotonicity according to the sequence. The final questionnaire included 14 items in two 
subscales: a 10-item ‘career advantage’ subscale and a 4-item ‘career disadvantage’ subscale. The questionnaire was 
judged to be acceptably reliable (Molenaar-Sijtsma method: 0.87 and 0.75, Cronbach’s alpha: 0.87 and 0.74) and to 
have good construct validity (χ2/df: 1.748, normed fit index: > 0.9, comparative fit index: > 0.9, root mean square error 
of approximation: 0.05–0.08). Male and female undergraduates had different responses regarding their salary, sub-
specialty, career prospects, and ability to serve their relatives. Male undergraduates might be more willing to accept 
on-call positions and have subspecialties with greater likelihoods of patient–physician conflict.

Conclusion: We used Mokken scale analysis to develop and collect evidence of the validity of a 14-item question-
naire regarding career preferences among Chinese medical undergraduate students. This short and simple question-
naire may provide a suitable tool for exploring insights regarding the motivations of Chinese medical students.
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Background
Unbalanced medical industrial structure and unequal 
distributions of health care resources have always been a 
global problem affecting most countries [1, 2], and have 
attracted more public attention during the SARS-CoV-2 

outbreak [3, 4]. In China, institution-level differences in 
salaries, career prospects and occupational stress vary 
widely, which may lead to these conditions [2, 5]. For 
example, an urban physician in a tertiary hospital may 
receive a relatively higher salary and have better career 
prospects but might have an increased workload and 
higher likelihood of patient–physician conflict [6, 7]. 
In addition, there are broad gaps among employment 
in different subspecialties [8]. For example, a relative 
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shortage of paediatricians was serious at each hospital 
level [9, 10]. Despite the active implementation of hier-
archical care, partnership assistance and specialist train-
ing, better results have still not been achieved [11]. A 
more effective medical reform strategy should be based 
on not only the status quo of medical work but also 
undergraduates’ actual demands. The Chinese Medical 
Doctor Association devotes much effort conducting sur-
veys on the practice of physicians. In 2009, 2011, 2014 
and 2017, four surveys on the practice of physicians were 
conducted. In 2018, the Chinese Medical Doctor Associ-
ation announced a survey of over 140 thousand doctors 
in approximately 44,600 hospitals across the country, 
showing the current status of Chinese doctors’ practice 
in detail [11]. Despite being an important implementer 
of medical work, reports on the status quo of talent are 
rare [5].

Some previous studies have assessed the motivations of 
Chinese medical university students from different per-
spectives; however, these studies revealed quite unilateral 
or inconsistent findings [12, 13]. One possible reason for 
these different conclusions may be the absence of a relia-
ble, standardized, and uniform questionnaire for evaluat-
ing the motivations of Chinese medical undergraduates. 
Furthermore, previous questionnaires have generally 
been based on expert opinions or the existing literature, 
and their utility has not been systematically described 
or evaluated, which affects the clear comparisons of the 
findings. Therefore, the present study aimed to develop 
and collect validity evidence of a questionnaire to meas-
ure the career choices of Chinese medical undergraduate 
students. This questionnaire may provide a more objec-
tive basis for evaluating medical students’ employment 
status during the economic changes from the SARS-
CoV-2 pandemic.

Methods
Item selection and revision
This survey was performed as part of a career choice 
research program for undergraduate medical students 
at China Medical University. All students received a 
QR code link to the survey as part of their course work, 
although participation was voluntary and anonymous. 
All participants received verbal and online explanations 
of the questionnaire and were informed that informed 
consent would be assumed if they completed and sub-
mitted the questionnaire. The questionnaire was admin-
istered, and data were collected using a free online tool 
(https:// www. wjx. cn).

Four educational and clinical experts (YZG, XB, LS, 
and DJ) guided and supervised the item selection process. 
The MEDLINE (PubMed) and EMBASE databases were 
searched using ‘career choice medical undergraduates 

[text word]’ and ‘career choice medical survey [text 
word]’ to identify potentially relevant reports that were 
published between 1 January 1990 and 30 August 2019. 
Two investigators (YZG and DJ) independently screened 
the results using the titles, abstracts, and full texts (where 
appropriate), and reports were included if the two inves-
tigators reached consensus regarding their relevance.

The questionnaire items included demographic items 
(age and sex) and career choice items. The career choice 
items were extracted from the relevant reports, catego-
rized, and combined when different items had similar 
meanings. The items were then sorted in descending 
order according to their frequency of use and discussed 
by the group of experts.

A questionnaire was created after the items that were 
judged to be meaningful and suitable for Chinese medi-
cal students were selected and translated into Chinese 
for ease of use. Nineteen students completed a pilot 
survey between 20 August 2020 and 28 August 2020 
for the evaluation of the preliminary questionnaire. All 
items were evaluated using a 7-point Likert scale, with 
responses scored from 1 (strongly disagree) to 7 (strongly 
agree) [14].

Item analysis and reduction
A cross-sectional survey was performed between 01 Sep-
tember 2020 and 30 November 2020, with data extrac-
tion performed on 11 December 2020. Participants from 
eight third-year student classes who were studying clini-
cal medicine at Shengjing Hospital were enrolled.

Mokken scale analysis is a type of non-parametric item 
response theory analysis that can reduce the number of 
questionnaire items based on assumptions of unidimen-
sionality, local independence, and latent monotonicity 
[15, 16]. Mokken scale analysis was performed to form 
unidimensional scales of polytomous items and to 
explore the factor structure of each scale. First, an auto-
mated item selection procedure was performed via Mok-
ken scale analysis to identify the unidimensional scales 
(item sets) from the item pool. The item structure was 
evaluated based on each item’s pattern and scalability 
(Hi) [17], and individual items that had Hi values of > 0.3 
and paired items with scalability (Hij) of > 0 were selected 
[18]. Second, we tested each scale based on the assump-
tion of local independence using two indices (W1 and 
W3) of conditional associations [19]. Third, monotonicity 
was evaluated using an item response function graph and 
the related indices (e.g., vi, zsig, and crit statistics) [20]. 
Fourth, invariant item ordering was performed based on 
the assumption of non-intersecting item response func-
tions [21]. We also evaluated whether the monotone 
homogeneity model or the double monotonicity model 
fit the data better, with the results judged as insufficient 
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(HT < 0.3), weak (0.3 ≤ HT < 0.4), moderate (0.4 ≤ HT < 0.5), 
or strong (HT ≥ 0.5) [16]. The number of items in the 
questionnaire was then sequentially reduced based on 
the results from the analyses described above.

Reliability and factor structure
Mokken’s Rho was used to estimate the reliability of each 
subscale’s internal consistency. Reliability was assessed 
using the Molenaar-Sijtsma method [22], Cronbach’s 
alpha [23], Guttman’s method (lambda-2) [24], and the 
latent class reliability coefficient [25].

Factor structure validity was evaluated using confirma-
tory factor analysis to evaluate relationships between 
the questionnaire items and scales. The four indices 
were chi-squared/degrees of freedom (χ2/df ), root mean 
square error of approximation (RMSEA), normed fit 
index (NFI), and comparative fit index (CFI) [26].

Statistical analysis
The statistical analysis was performed using R soft-
ware (version 4.0.2) [27] with the ‘mokken’ package [15], 
‘lavaan’ package [28], and ‘semPlot’ package [29]. Con-
tinuous variables are expressed as the mean ± standard 
deviation.

Results
Item selection and revision
A flow chart summarizing the entire collection process 
for evidence of validity is shown in Fig. 1. The literature 
search process is shown in Fig. 2. After removing dupli-
cate results, the titles and abstracts of 4,419 potentially 
relevant articles were screened, and 24 articles were ulti-
mately included for item extraction. The extracted items 
were listed based on their frequency of use, and similar 
items were combined by the group of experts. This pro-
cess identified 20 items for the questionnaire, and a pilot 
survey with 19 students (9 males and 10 females) was 
conducted. All 19 students returned the questionnaire 
feedback form, and more than 90% (18/19) of the stu-
dents agreed that all the items should be kept and revised 
some expression phrases to different degrees. Based on 
this feedback, no item was deleted, and the language was 
modified in some instances for greater clarity. The Eng-
lish version questionnaire was shown in Supplementary 
Table  1. Table  1 shows the preliminary questionnaire 
items consisting of two aspects about hospitals (Items 
1–7) and subspecialties [8–20]. The included items cov-
ered five constructs: overall status (Items 1, 2, and 8), 
subspeciality recognition (Items 4, 9, 11, 13, and 20), 
individual interests and lifestyle (Items 6, 7, 12, 14, 15, 16, 
and 17), career prospects (Items 5 and,10), and expecta-
tions of society, relatives and friends (Items 3, 18, and 19).

Participants and responses
A total of 246 undergraduate students were invited to 
participate, and 213 students (104 male students and 109 
female students) completed all items in the questionnaire 
(response rate: 86.59%). The participants’ demographic 
characteristics (sex and age) and item scores are sum-
marized in Table 1, Supplementary Table 2, and Supple-
mentary Fig.  1. The scores for all 20 items ranged from 
2.46 ± 1.06 to 6.19 ± 0.84, with a score of 4 indicating a 
neutral response. Thus, generally negative responses were 
observed for Item 3 (I prefer to meet the needs of society 
[i.e., community or private hospitals]), Item 18 (I am will-
ing to choose a subspecialty that is recommended by my 
family or friends), and Item 20 (I am willing to choose a 
subspecialty with a greater likelihood of patient–physi-
cian conflict). Generally, neutral and positive responses 
were observed for the other items.

Item analysis and reduction
The 20 items were subjected to an automated item selec-
tion procedure using Mokken scale analysis, which iden-
tified two unidimensional scales. Scale 1 was defined as 
the ‘career advantage’ subscale and included 10 items: 
Items 1, 6, 8, 9, 10, 12–15, and 19. Scale 2 was defined as 
the ‘career disadvantage’ subscale and included 4 items: 
Items 7, 11, 17, and 20. Items 2–5, 16, and 18 were fil-
tered out because the Hi values were below the accepted 
cut-off of 0.3 (Table  1). A local independence evalua-
tion did not exclude any of the items within each sub-
scale, and no locally dependent item pairs were identified 
based on the W1 and W3 values. The monotonicity plot 
showed no significant monotonicity for any of the items 
within the subscales (values of zero for vi, zsig, and crit) 
(Supplementary Fig. 2). Invariant item ordering revealed 
limited accuracy of the item ordering on the ‘career 
advantage’ subscale (HT = 0.107) but accurate ordering 
on the ‘career disadvantage’ subscale (HT = 0.828). Thus, 
the questionnaire consisted of two subscales that fulfilled 
the monotone homogeneity model but did not fulfil the 
double monotonicity model.

Reliability
Table  2 shows the reliability results based on the Mole-
naar-Sijtsma method, Cronbach’s alpha, Guttman’s 
method (lambda-2), and the latent class reliability coef-
ficient. The questionnaire was considered acceptably reli-
able because all the estimates provided values > 0.7.

Factor structure
Confirmatory factor analysis was conducted, and the 
model was adjusted using the modification index (Table 3 
and Supplementary Fig. 3). The modified model reflected 
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an acceptable fit of the data, based on a χ2/df value of < 3, 
an NFI of > 0.9, a CIF of > 0.9, and an RMSEA value of 
0.05–0.08.

Discussion
The present study used non-parametric Mokken scale 
analysis to collect evidence of the validity of a simple 
career questionnaire for Chinese undergraduate medical 
students. The questionnaire items were initially selected 

from previously published articles and then organized 
and combined to create a 20-item preliminary question-
naire. We then used Mokken scale analysis to create two 
subscales that fit the monotone homogeneity model, 
which included a 10-item ‘career advantage’ subscale and 
a 4-item ‘career disadvantage’ subscale. The final ques-
tionnaire exhibited acceptable reliability and construct 
validity. The questionnaire was developed for this study 
and has not previously been published elsewhere.

Fig. 1 Questionnaire development flowchart. The flowchart shows the sequential process, including (a) the collection of the content evidence 
process, (b) the collection of evidence for the responses process, and (c) the examination of the tool’s internal structure
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Fig. 2 Literature search flowchart. The literature search strategy and the number of studies filtered out after each step

Table 1 Preliminary questionnaire items

a  indicates items that were filtered out during the automated item selection procedure

Item Scores Hi SE Scale

Sex (male) 213 (104) a

Age (years) 21.2 ± 0.77 a

1. I prefer to choose general and famous hospital(i.e. tertiary hospitals) 6.04 ± 0.91 0.371 0.05 1

2. I prefer to choose medium degree hospital(i.e. secondary hospitals) 4.39 ± 1.30 a

3. I prefer to meet the needs of society (i.e., community or private hospitals) 3.65 ± 1.38 a

4. I prefer to work at a specialized hospital with a good reputation 5.33 ± 1.27 a

5. I prefer to work at a hospital with room for promotion 4.97 ± 1.28 a

6. I prefer to work at a hospital near my hometown 5.89 ± 0.99 0.506 0.037 1

7. I am willing to work at a hospital with greater occupational stress 4.71 ± 1.27 0.481 0.056 2

8. I prefer a subspecialty that will provide a high salary 6.00 ± 0.83 0.357 0.054 1

9. I prefer a subspecialty with prestigious experts 5.84 ± 0.97 0.533 0.037 1

10. I prefer a subspecialty with good career prospects 6.11 ± 0.92 0.496 0.04 1

11. I prefer a more competitive subspecialty 4.34 ± 1.32 0.386 0.06 2

12. I prefer an interesting subspecialty 6.19 ± 0.84 0.535 0.041 1

13. I prefer a subspecialty with greater job satisfaction 6.08 ± 0.90 0.496 0.045 1

14. I prefer a subspecialty that fits my character and work style 6.13 ± 0.86 0.516 0.039 1

15. I prefer a subspecialty that will have a limited effect on my leisure time 5.64 ± 1.16 0.357 0.046 1

16. I prefer a subspecialty with few night or overtime shifts 5.23 ± 1.30 a

17. I am willing to choose a subspecialty where I will always be on-call 4.25 ± 1.62 0.529 0.044 2

18. I am willing to choose a subspecialty that is recommended by family or friends 3.89 ± 1.80 a

19. I am willing to choose a subspecialty where I can serve my relatives 5.79 ± 1.08 0.345 0.055 1

20. I am willing to choose a subspecialty with a greater likelihood of patient-physician conflict 2.46 ± 1.06 0.422 0.049 2
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Relative to parametric item response theory models, 
non-parametric models have fewer data constraints. 
In the present study, Mokken scale analysis was used 
because it is flexible and relies less on item score distribu-
tions and sample sizes, which were important character-
istics for the present study’s generally skewed item scores 
and limited sample size [30].

The final questionnaire consisted of two subscales regard-
ing career choice advantages and disadvantages, which 
fit the sample data relatively well, as tested by confirma-
tory factor analysis. The mokken analysis of questionnaire 
reveals two subscales as same as the confirmatory factor 
analysis two-factor structure, including consistent items 
composition. This means that the questionnaires of medi-
cal students’ career choice are stable because classical test 
theory and item response theory show the same solution.

Many of the items were similar to items that have been 
used for previous surveys in China and other countries 
[13, 31]. Thus, the final 14-item questionnaire appears 
to be more concise, reliable, and valid. When using our 
questionnaire, the researcher may refer invariant item 
ordering to reorder items according to their facility. The 
item ordering on the ‘career advantage’ subscale is 0.107, 
which means that the questions are ordered so we can 
formulate the questionnaire in a certain order (e.g., score 
order) for students to answer. However accurate order-
ing on the ‘career disadvantage’ subscale is 0.828 so their 
order seems to have little effect on the results, and there 
is no need to specifically consider the order of the 4 dis-
advantage items.

The validity evidence collection of this questionnaire was 
based on the data of one single centre in China. Compared 
with foreign questionnaires, it may be more representative 

of the actual local situation. If this questionnaire can be 
further promoted in the future, it might reflect informa-
tion from other parts of China. This questionnaire might 
represent the career choices of local medical students, and 
the results might provide more information for employ-
ment education as well as effective data for curriculum 
development in our centre or wider areas.

Limitations
The present study has several limitations. First, we only 
considered undergraduate students at a single Chinese 
centre, and more comprehensive results would be pro-
vided by surveying other regions or conducting a nation-
wide survey to validate and modify this questionnaire. 
Second, we only considered undergraduate students who 
had not started their clerkship, although some studies have 
indicated that clinical clerkships might affect students’ 
subspecialty choices. Therefore, we hope to prospectively 
evaluate how the survey responses change before and after 
the students have completed their clerkships. It may also 
be prudent to perform a large multicentre study to deter-
mine whether the questionnaire can be improved.

Conclusion
We used Mokken scale analysis to collect validity evi-
dence of a simple career questionnaire for Chinese medi-
cal undergraduate students. The questionnaire includes a 
10-item ‘career advantages’ subscale and a 4-item ‘career 
disadvantages’ subscale. The development of this ques-
tionnaire might provide an effective tool for career inten-
tion surveys and curriculum development.

Abbreviations
χ2/df: Chi-squared divided by degrees of freedom; RMSEA: Root mean square 
error of approximation; NFI: Normed fit index; CFI: Comparative fit index; No.: 
Number.
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two subscales.

Table 2 Reliability estimates

MS Molenaar-Sijtsma method, LCRC  latent class reliability coefficient

MS Cronbach’s 
alpha

Lambda-2 LCRC 

Career advantage 0.87 0.87 0.88 0.88

Career disadvantage 0.75 0.74 0.75 0.77

Table 3 Confirmatory factor analysis indices before and after 
modification

RMSEA root mean square error of approximation, NFI normed fit index, CFI 
comparative fit index

χ2 df χ2/df RMSEA NFI CFI

Model before 
modification

341.65 76 4.495 0.128 0.748 0.79

Model after 
modification

120.63 69 1.748 0.059 0.911 0.959

https://doi.org/10.1186/s12909-022-03340-8
https://doi.org/10.1186/s12909-022-03340-8


Page 7 of 7Gao et al. BMC Medical Education          (2022) 22:286  

Acknowledgements
We would like to thank all of the participants in our program who spent their 
precious time to complete the questionnaire.

Authors’ contributions
YZG and DJ performed the literature search. YZG, XB, LS, and DJ guided and 
supervised the item selection process. DJ collected and analysed the ques-
tionnaire data; YZG designed the study, performed the statistical analysis, and 
wrote the manuscript. All authors read and approved the manuscript.

Funding
This project was supported by the 345 Talent Project of Shengjing Hospital of 
China Medical University and the Support Program for Youth Backbone of China 
Medical University, No. QGRB2018003. The funder had no role in the study design, 
data collection and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The data used in this study may be available on Harvard Dataverse: https:// doi. 
org/ 10. 7910/ DVN/ OISZTE.

Declarations

Ethics approval and consent to participate
The study complied with the principles of the Declaration of Helsinki, and the 
study protocol was approved by the Bioethics Committee of China Medical 
University (2020PS566k). All participants received verbal and online explana-
tions of the questionnaire and were told that their informed consent was 
confirmed if they completed and submitted the questionnaire.

Consent for publication
Not applicable.

Competing interests
None.

Author details
1 Department of Pulmonary and Critical Care Medicine, Shengjing Hospital 
of China Medical University, No. 36, Sanhao Street, Shenyang, China. 2 Depart-
ment of Health Management, Shengjing Hospital of China Medical University, 
No. 36, Sanhao Street, Shenyang, China. 3 Department of Graduate Medical 
Training, Shengjing Hospital of China Medical University, No. 36, Sanhao Street, 
Shenyang, China. 4 Department of Pediatrics, Shengjing Hospital of China 
Medical University, No. 36, Sanhao Street, Shenyang, China. 5 Department 
of Emergency Medicine, Shengjing Hospital of China Medical University, No. 
36, Sanhao Street, Shenyang, China. 

Received: 14 November 2021   Accepted: 5 April 2022

References
 1. Liu J, Zhang K, Mao Y. Attitude towards working in rural areas: a cross-

sectional survey of rural-oriented tuition-waived medical students in 
Shaanxi, China. BMC Med Educ. 2018;18(1):91.

 2. The General Office of the State Council on the issuance of the national 
health service system plan (2015–2020) Notice. 2014.

 3. Eyre DW, Lumley SF, O’Donnell D, Campbell M, Sims E, Lawson E, 
et al. Differential occupational risks to healthcare workers from 
SARS-CoV-2 observed during a prospective observational study. Elife. 
2020;9:e60675.

 4. Ma L, Gao LW, Lau JT, Atif R, Johnson BT, Yan AF, et al. Mental distress 
and its associations with behavioral outcomes during the COVID-
19 pandemic: a national survey of Chinese adults. Public Health. 
2021;198:315–23.

 5. 2021 China Medical Talent Development Report. 2021.
 6. Zhou H, Han X, Zhang J, Sun J, Hu L, Hu G, et al. Job Satisfaction and 

Associated Factors among Medical Staff in Tertiary Public Hospitals: 
Results from a National Cross-Sectional Survey in China. Int J Env Res 
Public Health. 2018;15(7):1528.

 7. P Fan Angela, O Kosik Russell, Huang Lei, Gjiang Yuhong, S Lien Selina, 
Zhao Xudong, et al. Burnout in Chinese medical students and resi-
dents: an exploratory cross-sectional study. Lancet. 2017;390(12):S84.

 8. Rogers AC, Wren SM, McNamara DA. Gender and Specialty Influ-
ences on Personal and Professional Life Among Trainees. Ann Surg. 
2019;269(2):383–7.

 9. Liu Y, Yang LL, Xu SY, Zhao ZY. Pediatrics in China: challenges and 
prospects. World J Pediatr. 2018;14(1):1–3.

 10. National Health and Family Planning Commission of the People’s 
Republic of China. Press conference: about the pediatric medical 
service in China (2016). 2018.

 11. White Paper on the Practice of Physicians in China. CHINESE MEDICAL 
DOCTOR ASSOCIATION. 2018.

 12. Martin KL. Medscape Female Physician Compensation Report 2019. 
New York: Medscape; 2019.

 13. Wang YX, Kaplar Z, L YT. AME survey-003 A1-part 2: the motivation factors 
of medical doctors in China. Quant Imaging Med Surg. 2015;5(6):917–24.

 14. Drinkwater BL. A comparison of the direction-of-perception technique 
with the Likert method in the measurement of attitudes. J Soc Psychol. 
1965;67(2):189–96.

 15. van der Ark LA. New Developments in Mokken Scale Analysis in R. 
2012;48(5):27.

 16. Sijtsma K, van der Ark LA. A tutorial on how to do a Mokken scale 
analysis on your test and questionnaire data. Br J Math Stat Psychol. 
2017;70(1):137–58.

 17. Stochl J, Jones PB, Croudace TJ. Mokken scale analysis of mental health 
and well-being questionnaire item responses: a non-parametric IRT 
method in empirical research for applied health researchers. BMC Med 
Res Methodol. 2012;12:74.

 18. Kuijpers RE, Van der Ark LA, Croon MA. Standard Errors and Confidence 
Intervals for Scalability Coefficients in Mokken Scale Analysis Using 
Marginal Models. Soc Method. 2013;43(1):42–69.

 19. Straat JH, van der Ark LA, Sijtsma K. Using Conditional Asso-
ciation to Identify Locally Independent Item Sets. Methodology. 
2016;12(4):117–23.

 20. Molenaar IW, & Sijtsma,. User’s Manual MSP5 for Windows [Software 
manual]. Groningen: IEC ProGAMMA; 2000.

 21. Ligtvoet R, van der Ark LA, te Marvelde JM, Sijtsma K. Investigating an 
Invariant Item Ordering for Polytomously Scored Items. Educ Psychol 
Meas. 2010;70(4):578–95.

 22. Sijtsma K, Molenaar IW. Reliability of test scores in nonparametric item 
response theory. Psychometrika. 1987;52(1):79–97.

 23. Cronbach LJ. Coefficient alpha and the internal structure of tests. 
Psychometrika. 1951;16(3):297–334.

 24. Guttman L. A basis for analyzing test-retest reliability. Psychometrika. 
1945;10:255–82.

 25. van der Ark LA, van der Palm DW, Sijtsma K. A Latent Class Approach to 
Estimating Test-Score Reliability. Appl Psychol Meas. 2011;35(5):380–92.

 26. Jackson DL, Gillaspy JA, Purc-Stephenson R. Reporting practices in 
confirmatory factor analysis: an overview and some recommendations. 
Psychol Methods. 2009;14(1):6–23.

 27. Team RC. R: A Language and Environment for Statistical Computing. 
Vienna: Austria, R Foundation for Statistical Computing; 2020.

 28. Rosseel Y. lavaan: An R Package for Structural Equation Modeling. J Stat 
Softw. 2012;48(2):1–36.

 29. Epskamp S. semPlot: Path Diagrams and Visual Analysis of Various SEM 
Packages. 2019. https:// CRAN.R- proje ct. org/ packa ge= semPl ot.

 30. Zhang L, Li Z. A Mokken scale analysis of the Kessler-6 screening meas-
ure among Chinese older population: findings from a national survey. 
BMC Geriatr. 2020;20(1):361.

 31. Smith F, Lambert TW, Goldacre MJ. Factors influencing junior doctors’ 
choices of future specialty: trends over time and demographics based on 
results from UK national surveys. J R Soc Med. 2015;108(10):396–405.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.7910/DVN/OISZTE
https://doi.org/10.7910/DVN/OISZTE
https://CRAN.R-project.org/package=semPlot

	Development of a career questionnaire for medical undergraduates using Mokken scale analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Item selection and revision
	Item analysis and reduction
	Reliability and factor structure
	Statistical analysis

	Results
	Item selection and revision
	Participants and responses
	Item analysis and reduction
	Reliability
	Factor structure

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


