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Abstract

The purpose of the study is to synthesize the published research articles about the predictors of
performance in the national examination of therapy licensure in Japan. A systematic review of the
literature was carried out on November 14, 2020. We searched for articles containing the words
"national examination" and "point" or "performance" or "scoring" or "factor" or "impact" or "pass/
fail" in two Japanese databases and the words "national examination" and "therapist” or "therapy" in
three English databases. We screened the literature about the national examinations for therapists-
physical, occupational, and speech-in Japan. We examined the statistical relationship between the
outcome and independent variables. Twenty-three articles met all our inclusion criteria. Analysis
of those articles revealed that the variables that significantly affected the outcome were: scores
on tests during college, scores on mock tests, and grade point averages. Most of these papers
also identified the variables that did not significantly affect the outcome, that is, scores on tests
immediately after the entrance, scores on admission examinations, or admission categories. Some of
these inconsistencies were explained by the time at which the test was performed, which subjects

were analyzed, or the statistical tests that were used.

1. Introduction

In Japan, the number of licensed physical therapists (PT), occupational therapists (OT), and speech
therapists or speech-language-hearing therapists (ST), who are rehabilitation specialists, has been
increasing and was estimated at over 300,000 people in 2020"®. To obtain a license, one must pass a
national examination held once a year, and currently, the number of higher education institutions that
train these students is increasing. Additionally, the students entering these institutions are diversifying
due to the decline of the birth rate and the increase in the percentage of students going on to higher
education institutions”. There is a concern about the increase of prospective students whose academic
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ability is of a lower standard or who are unable to finish the training courses. For students to acquire
professional knowledge and skills to become therapists, and to achieve success in the national therapy
licensure examination, it could be beneficial to consider what factors contribute to success in the national
examination. The purpose of this systematic review is to identify and synthesize the published research
articles on the variables that predict performance in the national therapy licensure examination in Japan.

2. Methods

2.1 Protocol
This systematic literature review followed the PRISMA guidelines” and included any article that
reported on the students’ performance in the national therapy licensure examination and related factors

that endeavored to describe or analyze this performance. All of the material was published by November
14, 2020.

2.2 Article inclusion

To minimize the article selection bias and to provide a clear determination of those articles to be
included in this review, the following criteria were established before the literature search: (a) That it is
about the national examination for a therapy license-PT, OT, or ST-in Japan; (b) the outcomes measured
are the scoring or pass/fail of the participants in the national examination, or a test that is not a national
examination but is designed to simulate the actual national examination, that is, the mock test that students
take right before the national examination; (c) that there is a statistical analysis, for example, t-test, analysis
of variance (ANOVA), Mann-Whitney U test, or Kruskal-Wallis test to compare the mean or median of two
or more groups, chi-square or Fisher’s exact test to compare the proportion of participants in some groups,
that is, examination-pass or examination-fail groups, correlation analysis of Pearson or Spearman to reveal
the relationships between variables, or regression analysis to predict factors that affect the scoring or pass/
fail status in the national examination; (d) the original practice is not specified as the independent variable,
that is, the article does not aim to clarify the original practice (curriculum or special lectures for the national
examination) that lead to success in the national examination; (e) independent variables were measured
before the outcome; and (f) the outcome was reported by explaining the relationship of outcome and
independent variable. In this review, articles were excluded if they did not mention the national therapy
licensure examination in the title or abstract, were a dissertation, or were a conference paper, review, or

commentary.

2.3 Information sources

Since no single database is likely to contain every relevant publication, articles were identified using
multiple databases. The Japan Medical Abstract Society Database (JAMAS; 1959-present; https://www.
jamas.or.jp) and CiNii Articles (1948-present; https://ci.nii.ac.jp) were utilized for searching the Japanese
literature. For searching the English literature, PubMed (1966-present; https://pubmed.ncbi.nlm.nih.gov),
ERIC (1966-present; https://eric.ed.gov), and Web of Science (1900-present; https://apps.webofknowledge.
com) were used to identify all relevant publications. Additionally, reference lists from manual literature
searches that met the inclusion criteria were searched for additional citations. The last search was
conducted on November 14, 2020.

2.4 Search parameters
We identified relevant articles in the two Japanese databases by searching items that contained the
words 'national examination (kokkashiken)' and terms referring to predictors of success on the national

" ul "

examination: "point (tensuu)' or "performance (seiseki)’ or "scoring (tokuten)" or "factor (youin)' or "impact
!

(eikyou)" or "pass/fail (gouhi)." In the English database, we searched the term "national examination" and
"therapist” or "therapy." These search parameters were decided on with the agreement of all authors.
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2.5 Article selection

Following the flowchart for the review process by Minds® and PRISMA?, the inclusion of articles was
achieved by implementing a two-stage process. Stage 1: Screening of the citation, including the title and the
abstract, and Stage 2: Screening of the full-text manuscript. In stage 1, the citations and abstracts obtained
during the individual database searches were evaluated independently by the first and second authors and
were judged to be potentially eligible to advance to Stage 2 of the inclusion process if they met six inclusion
criteria and they did not meet three exclusion criteria. If there was a lack of clarity about the exclusion of
an article, it was advanced to Stage 2 for checking of the full-text manuscript. Articles that were advanced
to Stage 2, in which the full text of the article was obtained, were evaluated independently by the first and
second authors. To be included in the final review, an article had to meet all five of the inclusion criteria.
The first and second authors carried out the Stage 1 and Stage 2 processes independently. In the event of
a disagreement, or if a question regarding the inclusion of a particular article at either stage arose, these
inconsistencies were resolved and modified by discussion. Finally, articles were identified through the
systematic review processes in Stage 1 and Stage 2.

2.6 Data extraction

The process of data extraction involved the coding for each article across six primary dimensions:
(1) number of participants (2) type of national therapy licensure examination (3) statistical analysis (4)
dependent variables (5) independent variables that significantly affected the outcomes and (6) independent
variables that did not significantly affect the outcomes. Dependent variables included outcome variables,
that is, the scoring or pass/fail result in the national examination or mock test. Independent variables
included variables that significantly affect the outcomes and variables that do not significantly affect the
outcomes. The coding of all included articles was conducted by the first author, and all authors verified all
coding. Any discrepancy in coding was resolved by discussion.

2.7 Data analysis

Findings were reported by tabulating characteristics of the included articles, for example, design,
participants, independent variables, and dependent variables. The included articles that met all six criteria
were included for analysis.

2.8 Risk of bias

The PRISMA statement recommends the inclusion of systematic assessments for the risk of bias within
articles?. Hence, the Risk of Bias Assessment Tool for Nonrandomized Studies (RoBANS)” was used
independently to evaluate the non-randomized studies by the first and second authors. Risk of bias is
assessed as a judgment (high, low, or unclear) for an individual element based on the answer to six separate
criteria: the selection of participants (selection bias), confounding variables (selection bias), measurement
of exposure (performance bias), blinding of outcome assessments (detection bias), incomplete outcome data
(attrition bias), and selective outcome reporting (reporting bias)”. More rigorous studies are likely to have a
lower risk of bias, and yield results that are closer to the truth?.

3. Results

3.1 Information retrieved for included and excluded studies

Five electronic databases were searched for potential studies to include in this review. The electronic
search yielded 541 citations across the following databases: JAMAS (n = 244), CiNii Articles (n = 239),
PubMed (n = 38), ERIC (n = 13), and Web of Science (n = 7). After removing articles that duplicate indexing
across databases, 426 titles and abstracts were evaluated for advancement to a full-text retrieval stage
based on the inclusion criteria described earlier. Additionally, two further articles were identified through
a manual bibliographic search, which met the eligibility criteria and were included in the reviews. Of these
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428 articles, 391 were excluded because the title and abstract did not match the five inclusion criteria
(1st screening). The full texts of the 37 articles were examined and identified following our inclusion and
exclusion criteria. Based on these criteria, another 14 articles were excluded leaving a total of 23 articles
(2nd screening). Finally, 23 articles”™ were identified through Stage 1 and Stage 2. The flowchart in Figure

1 depicts the identification and selection of the articles for this systematic review.

3.2 Summary of included studies

The summary of included studies is shown in Table 1, showing each study’s reference, number of
participants (N), type of national therapy licensure (PT/OT/ST), statistical analysis, dependent variables
(outcomes), variables that significantly affected the outcomes, and variables that did not significantly affect
the outcomes.

The number of participants ranged from 18 to 447 among these articles. Of all articles, 21 articles
included participants from the PT course/division/department, eight articles included participants from
the OT course/division/department, and four articles included participants from the ST course/division/
department.

Among these studies, correlation analyses were frequently used; 17 articles used this analysis; seven
were Pearson, six were Spearman, and four were unclear. 15 analyses were found that compared the mean
or median of two or more groups; seven were t-test, five were Mann-Whiney, two were ANOVA, two were
Kruskal-Wallis, and one was a Wilcoxson Signed Rank test. Four analyses were found about the comparison
of the proportion of participants in some groups; two were chi-square, and two were Fisher's exact test.
Five analyses were also found about the regression analysis: two were multiple regression, two were
logistic regression, and one was simple regression analysis. Of these, four articles used receiver operating
characteristic (ROC) analysis. In sum, 14 out of 23 studies utilized multiple methods of analysis.

o
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Figure 1 PRISMA flow chart
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Concerning the outcomes of these studies, 16 articles dealt with the pass/fail status in the national
examination (N-PF), eight articles discussed the scores in the national examination (N-S), and five studies
examined the mock test (MT), which is a simulation of the national examination. Of these, six articles had
set multiple outcomes, that is, N-PF and N-S.

Variables that significantly affected the outcomes were as follows: scores on tests during college (13
articles), for example, periodic tests in each year, periodic tests in foundational work and/or specialized
tests, tests in particular subjects, scores on the MT (eight articles), scores on the test immediately after
entrance (five articles), and GPAs-grade point averages-(four articles). Concerning admission examinations,
the scores for the admission examination are included in two articles, and admission categories are included
in one article. Other variables that significantly affected the outcomes were: the levels of satisfaction with
learning conditions, the quantity of self-learning assessed by use of online drills, mood, measured by POMS
(Profile of Mood States), and the timing of MTs (one article each).

Variables that did not significantly affect the outcomes were: scores on tests during college (seven
articles), scores in the MTs (five articles), scores on the tests immediately after entrance (two articles), and
the GPA of first- or fourth-year students (one article). Concerning admission examinations, the scores for the
admission examinations are included in two articles, and admission categories are included in five articles.
Other variables that did not significantly affect the outcomes were: levels of satisfaction with learning
or living conditions, the quantity of self-learning, measured by the use of online drills, indication of mood,
measured by Poms™, the training type of clinical practice, and deviation values of high school scores (one

article each).

3.3 Quality assessment

The results of the evaluation for the risk of bias are displayed in Figure 2. Risk of bias is assessed as a
judgment (high, low, or unclear) for the individual elements.

Most of the studies also were at a high risk of selection bias (selection of participants) because, in our
systematic review, the outcome was measured by N-PF, N-S, or MT. There is a high possibility that this
could influence the selection effect of participants because participants were limited to those who could take
a national examination, that is, students with low grades could not be included in each study. A few studies
were judged as unclear or low risk because MTs were set as the outcome and the number of participants
in the phase of study design and the actual number of participants were not described in the article. All
studies had an unclear risk of selection biases (confounding variables) because of limited reporting of the
interpretation of practice effect. Concerning performance bias, we assessed whether exposure, that is, the

selection of participants (selection bias) _j

confounding variables (selection bias)

measurement of exposure (performance hias)
blinding of outcome assessments (detection bias)

incomplete outcome data (attrition bias)

selective outcome reporting (reporting bias)

Bhighrisk Ounclearrisk Blowrisk o, 209 40% 60% 80% 100%

Figure 2 Assessment of risk of bias using the ROBANS
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measurement of independent variables, was biased because of self-reporting methods, that is, whether
the exposure was blinded. Most studies were judged as low risk because objective measures were used
to assess the exposure, but some studies used self-reported measures, which were judged as high risk.
Regarding detection bias, we judged the outcome of N-S as high because participant scores were not
disclosed in the national examinations, thus the scores must be obtained through the participants’ self-
scoring, that is, a self-reporting method, and we judged the outcome of N-PF as low because the pass/
fail status is determined based on the participants’ exact score. This judgment might be reconsidered if
any reference or additional analysis was made to the accuracy of the self-scoring on N-PF. The scores
on the mock tests (MTs) were also judged as low risk because the scoring was done objectively by each
institution. As a result, about half of the articles were considered high risk for detection bias. Then, attrition
bias, that is, a bias that reduces the number of participants in the analysis due to inadequate setting of
the outcome, is unlikely to occur in the present systematic review. It is considered low risk because the
number of participants is unlikely to be reduced if the outcome is the result of a national examination or
an MT. However, if the number of participants recruited is clearly stated and the number of participants
analyzed is not stated, it is considered unclear for attrition bias. Regarding reporting bias, we expected two
main outcomes of this systematic review; NS and N-PF. If both data were presented and the article stated
the statistical difference and theoretical background for which that outcome was chosen, we judged as low/
unclear if they were not stated, and high if one outcome was measured with no reason mentioned. The
outcome from MTs was judged low as the primary outcome could be the score of the MT. In addition, we
judged a study as low risk if the primary outcomes were defined in the method section, and described in
the result section, and we could obtain the study protocol from each article. As a result, 65% of the articles
were judged as a low risk for reporting bias. Overall, a low-risk bias was obtained in some areas, but for
other areas we were undecided or some revealed high-risk bias.

4. Discussion

In the present study, we investigated published research articles on the predictors of performance in the
national therapy licensure examination in Japan. Most of the articles included participants studying PT, and
there was a relatively small number of articles about OT or ST.

4.1 Predictors of success in the national therapy licensure examination

We clarified significant independent variables; scores for a variety of tests (i.e., periodic tests, mock tests,
tests immediately after entrance), admission examinations, admission categories, GPAs, and others.

The most prevalent variable extracted in this review was the scores on tests taken during college, for
example, the periodic tests for each level, periodic tests of fundamental information and/or specialized tests.
Among them, 13 articles showed significant differences or correlations with the outcome, and seven articles
did not reveal a significant effect. It should also be noted that some articles showed both results™®>%,
An example of this inconsistency can be found in Motooka et al'® where grade course participants in the
specialized subjects of PT and ST significantly influenced the N-PF, while there was no difference in the
foundational subjects among ST course participants. Additionally, Kitamura et al* found that the scores on
periodic tests in the second year were a significant factor determining the scores on MTs, while continuous
assessment of first year PT and OT course participants and foundational subjects in the second year for
OT course participants, were significant. There is also a difference according to the statistical analysis; in

) where PC or TT made a significant difference to P-S or P-PF by the scores on

Kitamura et al’s study
the periodic tests of first or second years, while LL did not make a significant difference. It is assumed
that compared to PC or TT, the multivariable analysis could result in difficulty in extracting meaningful
variables for LL. In sum, the inconsistency of these findings could be explained by examining when the test
was performed, which subjects were analyzed, that is, foundational or specialized subjects, and statistical

tests that were used, that is, univariable or multivariable analysis. Therefore, predictions of national
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examination results based on test scores need to be considered, including the possible influence of these
background factors and the rationale for these factors.

Then, MTs were commonly extracted as the independent variable. Eight articles showed significant
difference or correlation to the outcome, and five articles did not reveal a significant effect. Of these,
five articles showed both results™##*% There could be some background factors that influence the
relationship between the scores on MTs and success in the national examination, which would need to
be explored, to resolve this inconsistency. It is suggested that the factor of when the MT is taken in the

171820 The times that predict the success in national examinations are:

participants’ final year is significant
November and January'”, late January', early December, and early February®. In contrast, the times of
year that were not linked to a prediction of success in the national examinations were: September, October,
and December'”, and mid-October, mid-November, early December, and early January®*. The subject is

also suggested as a factor. In Inomoto et al.’®

the scores on MTs were predicted according to the subjects
of kinesiology, cerebral vascular disease, and psychology by ML. Therefore, in a similar pattern to some
tests-other than MTs mentioned before-the inconsistency of these findings could be explained by the timing
of the test and which subjects were analyzed. Moreover, the range of timing of the MTs used in each study
design could affect the results. It is necessary to improve the accuracy of predicting the success in national
examination by the scores on specific subjects and the timing of MTs.

Regarding scores on the tests immediately after the entrance to courses, four articles showed significant
differences or correlations to the outcome, and two articles did not show significant effects. Of these,

24 . .. . . . . . pe
) Concerning admission examinations, three articles showed significant

one article showed both results
differences or correlations to the outcome (two of them were admission examination scores and the rest
of them were admission categories). Six articles did not show a significant effect (one of them concerned
admission examination scores and the rest of them were admission categories). Hence, the factors of
entrance examinations, or the tests immediately after the entrance, are possibly not as robust as periodic
tests or MTs. In fact, the scores on these periodic or mock tests, and GPAs, which will be discussed in the
next paragraph, frequently have an impact, so it is suggested that we should focus on these indicators.

141721)
,

Concerning GPAs, three articles showed significant differences or correlations to the outcome and

one article showed both significant (GPAs of second- or third- year students) and non-significant (GPAs of

* The summary of these results indicates that

first- or fourth- year students) correlations to the outcome
GPA had a significant correlation with success in the national examination, when considering the GPAs of
the second and third-year students.

Other independent variables reported in each article include: levels of satisfaction with learning or living
conditions'; the quantity of self-learning indicated by online drills®; mood, measured by POMS™: and the
timing of MTs®. As these variables were reported in single articles, further studies are needed to verify
the influence of these factors on national examinations.

To summarize the systematic review, we can say that although there are some inconsistencies in the
factors that predict success in the national examination-taking into consideration the background factors
of when the variables were collected and which subjects were collected-scores on the periodic tests, scores
on mock tests, and GPAs were suggested to be the predictive factors. In contrast, admission examination
(scores and/or categories) or tests immediately after entrance did not seem to predict success in national
examinations.

4.2 Quality assessment

The systematic review revealed that the risk of bias in studies that are designed to predict success in
national examinations is dependent on the outcome of each study measured. The success of students in
the national examinations (N-PF or N-S) could significantly influence the selection process. Those who fail
to advance to the next year or had poor scores would be excluded from taking the national examination,
which indicates that selection bias (selection of participants) was high. Additionally, when N-S is used as an
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outcome, the detection bias (blinding of outcome assessment) is estimated as high because N-S is measured
by the self-reporting of participants. To avoid this bias, it might be recommended that N-PF is used as
an outcome. However, it would be necessary to be careful with the statistical analysis, if the pass rate of
the national examination is high, because of the biased distribution of the participants between pass and
fail groups. The reason for using an outcome (N-PF or N-S) in the statistical analysis should be settled in
advance as this could also lead to reporting bias.

In light of the above, it may be useful to use the scores on MTs, that simulated the national examinations,
as outcomes rather than using the N-PF or N-S as indicators. This is because the scores on the MTs are
continuous values, and unless this is self-reported, the measurements do not affect the outcome and the

selection effect could be small. Tsubota et al.!”

addressed this concern about the uncertain reliability of the
N-S. In order to use the scores on the MTs to predict success in the national examination, the relationship
between these two examinations should be sufficiently clear in advance. For example, by using receiver
operating characteristic analysis (ROC) to set cutoff values®***. The use of the scores on MTs based on
the results of such an analysis could be recommended as a basis for the design for the prediction of success

in the national examinations.

4.3 Limitations and further implications

In the present study, we used p-value to determine whether factors could predict success in the
national examination. However, this leads to the possibility of type 1 or type 2 error because the p-value is
influenced by the sample size: the larger the sample size, the smaller the p-values. To prevent these errors,
effect size (ES), which is a standardized measure independent of sample size, is a more beneficial index than
the p-value. Ideally, it is preferable to estimate the required sample size utilizing a power analysis at the
stage of designing the study protocol, but no article addressed this issue. Although we did not include the
meta-analysis of this systematic review, the effect size can be calculated by using some statistical values
that are usually described in each article, and then, the statistical power also can be calculated by post-hoc
power analysis. Our quantitative systematic review has a future implication for these statistical analyses.

Furthermore, this study showed that scores on periodic tests or MTs could be related to the success of
the national examination, but the causal relationship is not clear, that is, these scores directly influence the
success in the national examination or the existence of pseudo-correlation; the third variable that has yet
been accounted for in the analysis affects scores in the tests in school and national examinations. School
tests are just the result of the third variable. This causal relationship relates to the strategy that students
use to achieve success in the national examination. They need to choose whether to study hard to achieve
success in the national examination or aim to achieve good grades in the periodic tests, assuming that this
will also assist with the national examination. This raises the question of whether the periodic tests should
be designed with the national examinations in mind. The relationships of these variables should be further
explored.

Finally, the scope of our systematic review is limited to the national examinations for therapists in
Japan. There is diversity in the national examinations and systems of higher educational institutions in
different countries. However, as other countries have also reported similar factors, for example, GPAs®,
it is necessary to deepen our discussion by comparing our results with those in other countries. It would
be necessary for future studies to accumulate the related literature that was designed to lower the risk of
biases and to further develop the result of our study into robust findings.

5. Conclusion

Our systematic review revealed the variables that predict the success of students in the Japanese
national therapist licensure examination; the scores from periodic tests, scores from mock tests, and GPAs
were found to be the predictive factors, accounting for the background factors of when the variables were
collected, and which subjects were collected. Admission examinations (score and/or categories) or tests
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immediately after entrance did not seem to predict the success of students in the national examination to

the same extent.
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