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Abstract
Background: Statistical literacy (SL) of physicians, i.e. the ability to understand and apply statistics, is an
essential prerequisite for risk estimation and communication. Together with scienti�c reasoning and
argumentation (SRA) skills, SL provides the basis for evidence-based practice. Several studies suggest
that in medical students both skills are developed merely on a medium level.

Methods: The aim of the present study was to investigate these skills in practicing physicians ( N = 71, M
Age = 40.00, SD = 9.59) and when and how these skills were acquired. Biographical data was collected
with an online survey tool. SL was assessed with multiple-choice items. SRA skills evidence evaluation
(EE) and drawing conclusions (DC) were measured with a decision scenario.

Results: Study results indicated that physicians have medium to high levels of SL ( M = 17.58, SD = 6.92,
max 30 pts.) and SRA (EE-Score: M = 7.75, SD = 1.85, max 10 pts.; DC-Score: M = 37.20, SD = 5.35, max
60 pts.). Skills development via autodidactic learning activities ( M = 4.78, SD = 1.125, range 1-6) was
reported signi�cantly more often than development during medical education ( M = 2.31, SD = 1.456, t
(71) = -9.915, p < .001) or in extracurricular activities ( M = 3.34, SD = 1.869, t (71) = 4.673, p = .000). The
active involvement in research seemed decisive: The number of publications and time spent in research
predicted SL to a large extent (β = .355, p = .002; β = .280, p = .018). SRA skills were associated with the
type of doctoral thesis (β = -.380 ± .154, p = .016) and working in research (β = 3.355 ± 1.229, p = .008).

Conclusion : The development of SL and SRA skills needs to be systematically fostered during medical
education combined with active involvement in research.

1. Background
In a patient-physician relationship on equal footing, transparent information about risks is key. Statistical
literacy (SL) of the physician is a prerequisite for effective risk communication (1, 2). Statistical literacy is
not only the ability to understand statistical information, but also to apply it in decision-making (3). It
comprises the aptitude of critical re�ection about statistics as evidence in arguments (4) and is
intertwined with scienti�c reasoning and argumentation skills (SRA), to provide the basis for evidence-
based decision-making (5, 6).

However, a collective statistical illiteracy has been observed among physicians (3, 7) and SRA skills
needed for evidence-based practice (8), such as evidence evaluation (EE) or drawing conclusions (DC),
are underdeveloped (3, 9). The aim of the present study was thus to gain insights into the status quo of
SL and SRA skills in medical doctors (physicians), and to identify in�uencing factors that should be
considered in focused educational training to foster these skills.

Statistical literacy and Scienti�c reasoning & argumentation
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Statistical literacy is based on numeracy, the aptitude of mathematical operations (10), and
encompasses the use and interpretation of statistics and its results (11, 12) and(Walker, 1951) the ability
to explain and critically evaluate them (13, 14). In a medical context, it ranges from relative risks and
conditional probabilities (15, 16), over test constructs like sensitivity and speci�city (3), to complex
inferential statistical procedures applied in empirical research studies (17-19).

Several existing instruments for the assessment of SL have been employed in a variety of studies.
Domain-general assessment tools, such as the Berlin Numeracy Test (20), or the Three Item Test (7) are
focusing mainly on basic numeracy and are considered less reliable in highly educated samples, such as
physicians, due to ceiling effects (20, 21). Such effects have not been observed in domain-speci�c tests,
such as the Obstetrician-Gynecologist Statistical Literacy Questionnaire (OGSLQ) (9) which aims at
assessing clinically relevant numerical facts, concepts, and relations in physicians, or the Medical Data
Interpretation Test assessing the aptitude to weigh treatment alternatives based on evidence (22).

In a study by Anderson et al. (2014), 52% of the participating physicians answered two (or fewer) of four
questions regarding statistical concepts correctly (9). This is in line with �ndings by Windish and
colleagues (2007) reporting only 40% of resident physicians demonstrating adequate understanding of
biostatistical concepts (23). Similar results were found by Gigerenzer and Wegwarth (2008), showing that
33% of gynecologists were not aware of the bene�ts of mammography screening, with 79% being unable
to interpret the positive predictive value (PPV) (24). Gigerenzer and colleagues (2008) summarized
various studies on the concept of PPV and its dependence on the prevalence, �nding that 50% of
participants were under the impression that false positive test results in HIV testing do not exist. They
also found that only 2 of 20 urologists have su�cient knowledge about the reliability of a PSA-test.
Overall, physicians´ SL is not below-average (9). However, it can be considered comparable to other
educated samples (7, 25) and was found superior to that of residents in research training (23) or medical
students (26). The few studies that have assessed medical students’ SL are supporting the �ndings of
superiority of physicians (27). The authors (2020) compared medical students to those of social sciences
and economics and found that medical students in their �rst years of study scored higher in comparison
to social science students and comparable to economics students (28). This study not only assessed SL,
but also the two skills: evidence evaluation (EE) and drawing conclusions (DC), as part of the conceptual
framework for scienti�c reasoning and argumentation (SRA) by Fischer and colleagues (2014). Based on
this framework,  SRA can be de�ned as the competence of comprehending and applying scienti�c
working methods and their results when solving problems (29, 30). The intertwining of SRA and SL was
assumed by Anderson et al. (2013) stating that the latter is needed to evaluate scienti�c evidence (31)
and by Franklin et al. (2005), who stated that SL itself encompasses also SRA skills, like formulating
questions and answering them on an informed basis (32).

In a medical context, possible links between SL and SRA have been examined with the Medical Data
Interpretation Test (22). Participating physicians scored higher overall than others with postgraduate
degrees (89 out of 100 score points). Johnson et al. (2014) assessed numeracy of medical students and
residents and found students with poor numeracy being more likely to misjudge risks of different
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treatment alternatives and that the con�dence in treatment recommendation increased during medical
school (26). In the study by the authors (2020), the skills did not improve over the course of
undergraduate studies (28).

In summary, SL and SRA seem to be underdeveloped in medical students and better developed in
physicians. There are indicators that the development of SL and SRA does not necessarily happen within
formal education and the question remains how, where, and when this development occurs. This study
should contribute to the discussion when and how to best foster SL and SRA skills in lifelong learning of
physicians. It aimed at providing further insights into these skills in physicians and to identify
demographic factors and learning opportunities that may be associated with the development of these
skills. Our guiding research questions were:

1. SL and SRA

1. To what extent are SL and SRA skills developed in physicians?

2. To what extent does SL predict SRA skills of physicians?

2. Education and Development:

1. How, where, and when do physicians develop SL and SRA skills?

2. Which demographic factors are related to the development of SL and SRA?

2. Method

2.1. Design and sample
Our study followed a quasi-experimental, causal-comparative design with two dependent variables: SL
and SRA. We included N = 71 German and Austrian physicians (31 female, 34 male) from different work
settings and locations in our study: hospital (N = 43), outpatient sector (N = 2), research (N = 16). A
doctoral thesis was completed by 58 and 9 participants were currently working on it. The mean age of
participants was 40 years (SD = 9.59, range = 26–65) (Table 1).

2.2. Test instrument / Measures
For the assessment of SL and SRA skills, we used a tool previously developed in the context of a study
with medical students (28). The instrument combines multiple choice items to assess SL with a decision
scenario to assess the participants´ skills in EE and DC (SRA skills) (33). We added items on relevant
demographic factors.

2.2.1. Demography
Demographic parameters of the participants were assessed with a special interest in their working history
and environment (hospital, out-patient care, research). Questions were adapted from a study by Epstein
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and colleagues (34) and comprised multiple choice items, some with the opportunity to �ll in additional
free text; Five items on the doctoral thesis (quali�cations fostered meanwhile), three items on the
professional career, two items on the publication record (type of authorship, number of publications), and
three items on the current job description.

2.2.2. Statistical Literacy
Statistical literacy was measured with multiple choice items based on validated instruments (9, 20, 22), to
assess a broad spectrum from basic numeracy to conditional probabilities and statistical concepts.
Reliability of the SL test was .82 (Cronbach's α) in our sample with a maximum score of 30 points. All
items were framed in a medical context; however, no medical content knowledge was necessary to
answer them correctly.

2.2.3. SRA skills
The assessment of SRA skills focused on the two epistemic activities EE and DC being assessed with a
decision-making scenario in a medical context (general medicine, out-patient care) and provided a
separate overall score for EE and DC (maximum score 10 and 60, respectively, Cronbach's α for EE items
.87; for DC items .74). For EE, participants had to evaluate four pieces of evidence in terms of their
scienti�cness (35–37) including one authentic pharmaceutical brochure. Then, the participants rated the
persuasiveness (Likert 1–6) of 20 arguments, which were extracted from the presented evidence and
assigned a level of argument strength from 1 (lowest) to 4 (highest). The participants’ ratings for
scienti�cness were compared to the ratings of scienti�cness by the authors, resulting in a measure of
similarity for EE and DC. The range of these measures was from 0–10 (EE-Score) and 0–60 (DC score)
with zero indicating no similarity.

2.3. Procedure
The study was completed by the participants either online with LamaPoll (https://www.lamapoll.de/;
accessed March 22, 2020), a survey tool optimized for mobile applications, or with pen and paper (return
rate 16.5% online and 66.7% pen and paper). Average duration was 45 minutes. Participants were invited
via mailing lists and personal contacts.

2.4. Statistical Procedures and Analyses
Statistical analysis was performed with IBM SPSS 25. Descriptive and frequency data were computed for
primary analysis and Cronbach´s alpha for internal reliability. Extensive outlier analyses were conducted
and all required prerequisites for statistical analyses, such as normal distribution and homoscedasticity
of variables, were tested. One-factorial ANOVAs and linear regression models were calculated to assess
the association of demographic factors on SL and SRA. P values less than .05 were considered
signi�cant. Data in natural verbal language underwent thematic analysis to extract common themes.

3. Results
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We included 71 complete cases (see Table 1). For 13 participants, we imputed missing values in the
evaluation of the 20 arguments from the average of the respective item. The entire data set was checked
for univariate outliers, skewness and kurtosis for all variables was within the ± 2 range (38). The
prerequisites for ANOVA were ful�lled, all variables were normally distributed and homoscedastic.

3.1. Statistical literacy and SRA
The 71 physicians' average score in SL was M = 17.58, SD ± 6.92, with a range of 5 to 30 out of 30
attainable points. On average, physicians evaluated the evidences concordantly with the authors'
evaluation, EE-Score M = 7.75, SD = 1.85. The ratings for argument quality were in accordance with the
authors' rating, DC-Score M = 37.20, SD = 5.35. Statistical literacy and DC were signi�cantly inversely
correlated (DC-Score r(71) = − .272, p = .022). However, no correlation was found between SL and EE, r(71) 
= .198, p = .098, nor EE and DC, r(71) = .138, p = .256.

3.2. Education & Development
We explored how, where, and when physicians developed scienti�c skills. Signi�cantly more participants
indicated to have acquired scienti�c skills in an autodidactic manner (M = 4.78, SD = 1.125, Likert 1–6
scale) rather than during their studies (M = 2.31, SD = 1.456, Likert 1–6 scale) (t(71) = -9.915, p < .001) or
in extracurricular activities (M = 3.34, SD = 1.869, Likert 1–6 scale) (t(71) = 4.673, p < .001) (Fig. 1). In a
free-text box, the participants added various other learning opportunities, such as massive open online
courses, higher education, workshops, and learning through peer reviews and feedback (Fig. 2).

Regarding the doctoral thesis, a univariate ANOVA showed that having completed or working on a
doctoral thesis had an effect on the scoring in EE, F(3,71) = 10.494, p < .001, partial η2 = .320, but not on
DC, F(3,71) = 1.133, p = .342, nor SL, F(3,71) = 1.812, p = .153, partial η2 = .075. The fostering of critical
scrutinization of study results presented by other researchers during the preparation of the doctoral thesis
was positively correlated with the scoring in SL, r(71) = .271, p = .033.

Regarding the postgraduate phase, a one-factorial ANOVA showed a signi�cant main effect of having
worked in research on SL, F(1,70) = 12.737, p = .001, partial η2 = .156. The type of authorship, F(5,71) = 
3.886, p = .004, partial η2 = .230, and the time spent in research, F(23,71) = 2.262, p = .009, partial η2 
= .525, were signi�cantly associated with better SL, as well as the number of publications, r(71) = .36, p 
= .002.

Regarding SRA, linear regression models revealed that the corresponding score in EE increased by β 
= .314 ± .150, p = .041, when the Likert value of the doctoral thesis supervisor’s content-related support
was increased by one point. Additionally, the form of the doctoral thesis (experimental, clinical, empirical,
statistical, or literature review) was associated with EE, with experimental and clinical design being
positively related to EE skills, β = − .380 ± .154, p = .016, R² = .187, F(1,59) = 4.353, p = .041. DC was higher
when participants indicated to have already worked in research, β = 3.355 ± 1.229, p = .008, R² =
.314 F(1,68) = 7.448, p = .008.
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4. Discussion

4.1. Research question 1
We found average SL of physicians (59%), a rather high-level EE score (77%) and a medium-level DC
score (62%). SL did not predict the SRA skills of physicians´ which could indicate that these are
independent concepts.

Due to the focus on SL rather than the combination of basic numeracy and SL(20), the test discriminated
well and we did not �nd any ceiling effects as observed in other educated samples (7, 21). A comparison
to other studies assessing SL of physicians is not easily done as every test focuses on different aspects
of SL. Schmidt et al. (2017) focused on knowledge of 18 different statistical tests among pathologists
and observed a rather low level of SL (39). Anderson et al. (2014) did not create an overall score but
distinguished between fact, concept, and relation questions and found altering levels of SL (9). A study
with Greek residents also concentrated on knowledge questions and reported a rather low SL (40). A
similar tool was applied with German medical students (28). Comparing the two studies, the EE and DC
score of medical students and physicians were almost on the same level. Riegelman and Hoveland
(2012) found that residents struggled when critical re�ection upon research was required (41), whereas
the participants in our study showed medium to high levels of SRA skills.

SRA and SL scores were not correlated, and DC and SL correlated inversely. A possible explanation would
be that the evidences provided in the scenario did not contain any statistical information, as suggested
by Anderson et al. (2014). Nevertheless, in theoretical frameworks, SL has been regarded as prerequisite
for SRA (42). Moreover, in a Dutch community-based study, more numerate participants showed
enhanced performance in SRA due to increased evaluation of pros and cons in decision making and
evaluation of judgments (43). Future research could incorporate numerical evidence in the assessment of
SRA in order to further analyze this connection.

4.2. Research question 2
We explored how, where, and when physicians developed SL and SRA skills. They indicated to have
acquired scienti�c skills mostly in an autodidactic manner, in higher education outside of medical studies
or in extracurricular activities.

Better SL was associated with the fostering of critical thinking during the doctoral thesis, having worked
in research, time spent in research, number of publications, and the type of authorship. Our �ndings are in
line with Schmidt et al. (2017), who found that having an advanced degree other than MD or statistic
courses were positively associated with SL. A study with physicians, residents, and �nal year medical
students in Thailand showed – not surprisingly – that having recently completed a statistical workshop
led to higher SL scores (44). However, additional courses are often hard to integrate in medical training. A
study showed that 37% of American Ob-Gyn residents do not receive formal training (31), a study with
neurology residents observed a lack of acceptance for interventions on SL (45).
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In the present study, better EE was associated with having worked on a doctoral thesis (with favorably
experimental or clinical design) and having content-related support by the supervisor. These �ndings are
in line with the subjective impression of German medical graduates with a doctoral thesis ranking their
scienti�c skills higher compared to those working on it (34). However, the participants in the study by
Epstein and colleagues (2018) did not feel con�dent enough to conduct research on their own (34). This
is particularly important because having already worked in research was associated with a higher SL and
DC score in the present study and in Schmidt et al. (2017). Moreover, Epstein and colleagues (2018)
found, that medical graduates self-estimate their scienti�c skills after medical school as rather low (34).
In the United States, only 68.1% of medical students in their �nal year participated in research during
medical school and only 42% had (co-)authored a paper submitted for publication (46). It seems
important that medical students should be involved in the publishing process and learn how to write
papers already during the completion of the doctoral thesis, as this might enhance their SL and SRA skills
in the long run.

4.3. Strengths and Limitations
This study built upon an innovative approach by the authors (2020) to assess SL and SRA skills in
physicians (28). As this participant group is not easily recruited, the sample size of N = 71 was
satisfactory. The recruited sample may not have been representative of all physicians. Furthermore,
sociocultural factors and speci�cs of the medical educations system may limit generalizability of results.
The addition of numerous demographic variables yielded insights on how, where and when scienti�c
skills were acquired and helped to identify potential associated factors. Although �rst attempts were
made to validate the assessment tool with medical students, it could be considered too extensive and
time consuming for physicians (as was indicated by 11 participants in their feedback).

5. Conclusion/ Outlook
We assessed SL and SRA skills of German and Austrian physicians together with a thorough analysis of
the predictive value of demographic variables. The active involvement in research seems to play an
important role to foster these skills and might in consequence enhance adequate risk communication
and evidence-based practice. As most participants indicated to have acquired these skills post-graduate
and in an autodidactic manner, we argue to formalize and intensify the acquisition of these skills during
undergraduate medical studies. Medical education curricula should include more and more effective
statistical training and the active involvement of students in research.

Abbreviations
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Tables
Table 1: Description of study group

Variable Options Frequency Percentage

Gender Male 34 47.9%
female 31 43.7%
No answer 6 8.4%

German mother tongue  Yes 68 95.8%
No  3 4.2%
NA 5 7.0%

MD in Germany Yes 68 95.8%
No 3 4.2%

Thesis 
 

Yes  58 81.7%
Currently working on  9 12.7%
No thesis or skipped  4  5.6%

Academic qualification Habilitation 12 16.9%
Professorship 7 9.9

Ever worked as researcher Yes 36 50.7%
No 35 49.3%

Working Environment Hospital  2 2.8%
Out-patient care 43 60.6%
Research 16 22.5%
NA 10 14.1%
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Figure 1

In which context have you acquired scienti�c skills?
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Figure 2

Where have you acquired scienti�c skills (free text analysis)?


