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Abstract Multiple true–false (MTF) items are a widely used supplement to the commonly

used single-best answer (Type A) multiple choice format. However, an optimal scoring

algorithm for MTF items has not yet been established, as existing studies yielded con-

flicting results. Therefore, this study analyzes two questions: What is the optimal scoring

algorithm for MTF items regarding reliability, difficulty index and item discrimination?

How do the psychometric characteristics of different scoring algorithms compare to those

of Type A questions used in the same exams? We used data from 37 medical exams

conducted in 2015 (998 MTF and 2163 Type A items overall). Using repeated measures

analyses of variance (rANOVA), we compared reliability, difficulty and item discrimi-

nation of different scoring algorithms for MTF with four answer options and Type A.

Scoring algorithms for MTF were dichotomous scoring (DS) and two partial credit scoring

algorithms, PS50 where examinees receive half a point if more than half of true/false

ratings were marked correctly and one point if all were marked correctly, and PS1/n where

examinees receive a quarter of a point for every correct true/false rating. The two partial

scoring algorithms showed significantly higher reliabilities (aPS1/n = 0.75; aPS50 = 0.75;

aDS = 0.70, aA = 0.72), which corresponds to fewer items needed for a reliability of 0.8

(nPS1/n = 74; nPS50 = 75; nDS = 103, nA = 87), and higher discrimination indices (rPS1/

n = 0.33; rPS50 = 0.33; rDS = 0.30; rA = 0.28) than dichotomous scoring and Type A.

Items scored with DS tend to be difficult (pDS = 0.50), whereas items scored with PS1/n

become easy (pPS1/n = 0.82). PS50 and Type A cover the whole range, from easy to

difficult items (pPS50 = 0.66; pA = 0.73). Partial credit scoring leads to better
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psychometric results than dichotomous scoring. PS50 covers the range from easy to difficult

items better than PS1/n. Therefore, for scoring MTF, we suggest using PS50.

Keywords Assessment � Medical education � Multiple choice � Multiple

true–false � Scoring � Undergraduates

Background

Written exams consisting of multiple true–false (MTF) items are ‘‘potentially one of the

most useful of objective test types’’ (Cronbach 1939, p. 628).

MTF is a type of multiple choice item in which examinees have to rate every answer

option independently as true or false in the context established by the item stem (Case and

Swanson 2002; Cronbach 1941; Krebs 2004). In contrast to the widespread single-best

answer items (Type A), more than one answer can thus be correct (Case and Swanson

2002). This is useful in assessment, for instance when presenting a problem with more than

one correct solution (Krebs 2004) while simultaneously avoiding negatively worded stems,

which are viewed as a flaw in item construction (Haladyna et al. 2002). In contrast to Pick-

N, in which the number of true answers sought is commonly stated, the number of true

answers is not revealed in MTF, thus minimizing the effect of test-wiseness and enhancing

validity. While in Multiple Mark (MM) items, the examinee has to decide which answers

are true, in MTF, the examinee additionally has to decide which answers are false

(Tarasowa and Auer 2013). In this regard, MTF enables a distinction between an examinee

making a wrong choice (wrong box checked) or not making a choice at all, for whatever

reason (no box checked) (Gross 1982).

Interestingly, the US National Board of Medical Examiners (NBME) recommends

against the use of MTF, considering them to be more commonly flawed (Case and

Swanson 2002). Nevertheless, MTF have the potential to cover a broader range of content

per question than Type A (Dudley 2006). As this enables more information per testing time

to be revealed, higher test reliabilities have been found when using MTF compared to Type

A (Frisbie and Sweeney 1982; Javid 2014; Kreiter and Frisbie 1989; Mobalegh and Barati

2012; Siddiqui et al. 2016). Moreover, in contrast to a common prejudice, MTF items are

capable of measuring higher cognitive levels, such as comprehension according to Bloom’s

taxonomy (Downing and Yudkowsky 2009; Richardson 1992).

Overall, MTF items show advantages over other multiple response formats (like Pick-N

and MM), such as minimizing test-wiseness, and therefore seem to be a valuable sup-

plement to Type A items. They are commonly used in medical school exams as well as

licensing examinations such as the Swiss Federal Licensing Exam (FLE) (Guttormsen et al.

2013) or the US National Certification and Licensure Exam for Registered Nurses

(NCLEX-RN) (Dunham 2006).

The validity of a test is influenced, among other things, by the scoring of the items

(Cook et al. 2015). When using MTF items for high-stakes assessment, evidence about the

optimal scoring algorithm is necessary. Different scoring algorithms exist for scoring MTF

items, which mainly differ in whether partial knowledge is rewarded and whether there is a

penalty for wrong answers. In ‘‘dichotomous scoring’’ (DS), no partial knowledge is

rewarded and examinees only receive a point if all answer options of an item are marked

correctly. DS is the strictest scoring algorithm, following the rationale that patient treat-

ment cannot tolerate mistakes and that especially qualifying exams have to test accordingly

(Albanese and Sabers 1988; Bauer et al. 2011; Itten and Krebs 1997; Verbić 2012). In
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partial credit scoring (PS), partial knowledge is rewarded. Different forms of PS exist: In

the most basic form, examinees receive an equal fraction of a point for every correctly

marked answer option (Albanese and Sabers 1988; Itten and Krebs 1997; Verbić 2012).

This scoring algorithm follows the understanding that every correct choice might be

beneficial for the patient (Bauer et al. 2011). PS can also take into consideration different

thresholds of knowledge, grounded on the assumption that a mere fraction of knowledge is

not sufficient to treat a patient adequately. While a certain portion of knowledge allows the

examinee to make decisions that are not entirely wrong, he or she might be missing out on

better alternatives (Bauer et al. 2011). Sometimes, negative marking is used, which

penalizes examinees for wrong answers in order to prevent guessing (Siddiqui et al. 2016).

However, this scoring algorithm lowers validity, as it introduces construct-irrelevant fac-

tors like personality and response styles (Gross 1982).

Studies examining the psychometric characteristics of differently scored MTF have

yielded contradictory findings. While three studies found that partial credit scoring shows

better psychometric characteristics, such as higher reliabilities, than dichotomous scoring

(Albanese and Sabers 1988; Itten and Krebs 1997; Krebs 1997), two studies found no

differences in the psychometric characteristics of different scoring algorithms (Tsai and

Suen 1993; Wu 2003). Four of the above-mentioned studies were conducted using sum-

mative assessments such as end-of-term assessment (Albanese and Sabers 1988; Itten and

Krebs 1997; Krebs 1997) or college entrance assessments (Wu 2003), while the remaining

study did not report whether the analyzed assessment had an impact on the students’ study

progress (Tsai and Suen 1993).

As a robust scoring algorithm is essential for the valid interpretation of exam data, and

the existing evidence is scarce, we aim to clarify the optimal scoring of MTF using a large

number of exams. Our research question is as follows: What is the optimal scoring

algorithm for MTF items regarding reliability, difficulty index and item-total correlation?

As Type A items are one of the most widely used item formats in achievement testing, it

is of practical importance to document the effectiveness of any other item format in

relation to Type A (Kreiter and Frisbie 1989). Therefore, we also investigate the psy-

chometric properties of Type A items used in the same exams in our study to enable us to

compare our results for MTF with this widely used item format.

Methods

To clarify the influence of scoring on psychometric characteristics of exams, we analyzed

empirical data from 37 exams covering the range from first-year end-of-term exams to the

Swiss Federal Licensing Exam (FLE) after the sixth year. Exams were conducted at two

Swiss medical schools in 2015. The FLE is organized centrally and conducted at five Swiss

medical schools.

The mean number of examinees per exam was 243 (SD = 82; Min = 150;

Max = 887). Exams consisted of both MTF items (M = 26.97; SD = 6.1; Min = 15;

Max = 43; total = 998) and Type A (M = 58.46; SD = 40.5; Min = 23; Max = 270;

total = 2163). Each Type A item included five answer options and each MTF item con-

tained four answer options. Items eliminated in a post hoc review were excluded from the

analyses (2.19 items per exam on average). To compare item characteristics, MTF subsets

as well as Type A subsets were treated as stand-alone tests. All blueprint categories were

covered with MTF and Type A alike, improving the validity of subsets and allowing for a
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better comparison of Type A and MTF items. We compared three item scoring algorithms

for MTF items (cf. Table 1):

• Dichotomous Scoring (DS): Examinees receive a full point only if the true/false rating

of all four options was marked correctly.

• Partial Scoring (PS50): Examinees receive half a point if more than half of true/false

ratings were marked correctly and one point if all were marked correctly.

• Partial Scoring (PS1/n): Examinees receive a quarter of a point for every correct

true/false rating.

As Type A questions have only one correct solution, they were scored with a full point

when answered correctly; otherwise, candidates received no points.

The MTF items included in this study were originally scored with PS50. We simulated

the other two scoring algorithms over the existing data. We did not simulate negative

marking in our study, as we assumed that examinees might have shown a different

response behavior.

Reliability was operationalized as Cronbach’s alpha calculated for each combination of

MTF subset and scoring algorithm as well as for the Type A subsets. These empirical data

were then projected to 50 item test sets using the Spearman-Brown prediction formula to

adjust for different lengths of the exams. To stabilize Cronbach’s alpha coefficients for

analyses, we used Fisher’s z-transformation (Romano et al. 2010). Using the Spearman-

Brown prediction formula, we additionally calculated the number of items needed for a

reliability of 0.8, considered a minimal requirement for end of term exams (Downing and

Yudkowsky 2009).

Further psychometric criteria of interest were mean item difficulty and item discrimi-

nation. Item difficulty describes the average score of an item. In dichotomously scored

items, this is equal to the proportion of examinees who answer an item correctly. The

interpretation of the item difficulty is somewhat counterintuitive, as higher item difficulty

indicates easier items. Items with medium difficulty are most informative. According to the

recommendations of Downing and Yudkowsky (2009) we defined for our analysis items

under 0.24 as extremely difficult and items over 0.91 as extremely easy. Item discrimi-

nation describes how well an item discriminates between higher-performing and lower-

performing test takers. Thereby high positive discrimination is always better than low

negative discrimination. For this analysis, we defined discrimination indices over 0.2 as

sufficient (Downing and Yudkowsky 2009). Item discrimination was operationalized as

mean Pearson product-moment correlation coefficient (for further information: Downing

and Yudkowsky 2009).

Psychometric indicators of the differently scored tests as well as those of Type A were

compared using repeated measures analyses of variance (rANOVA) with Bonferroni

correction for multiple comparisons. Thereby, we used exams, not single items as a data

Table 1 Received points for different numbers of correct answers for different scoring algorithms for MTF
items with four answer options

Number of correct choices 0 1 2 3 4

DS 0.00 0.00 0.00 0.00 1.00

PS50 0.00 0.00 0.00 0.50 1.00

PS1/n 0.00 0.25 0.50 0.75 1.00
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basis for the rANOVA. As control variables, we included the medical schools and level of

training. Studies indicate differences in gender when using negative marking (Baldiga

2013; Ravesloot et al. 2015). As we did not include negative marking in our study, we did

not expect differences in gender, and therefore did not include gender as a control variable.

Additionally, we calculated Spearman’s rank correlation to control the rank order. Cor-

relation coefficients were corrected for unreliability (Muchinsky 1996). All analyses were

conducted using R (version 3.2.0) (R Core Team 2013). As index for effect sizes, we

calculated partial g2.

The ethics committee of the Canton of Bern (Switzerland) declared that no vote was

necessary for this educational study. We confirm that the original test takers cannot be

identified by the material presented and that they undergo no conceivable risk by having

their test data included in this study. The medical schools and the FLE examination board

gave their permission to use the data.

Results

Test reliability

When projected to 50 item exams, test reliability ranged from 0.70 for DS to 0.75 for PS50

and PS1/n. Reliability of PS50 and PS1/n was significantly higher compared to DS and

(dichotomously scored) Type A [F(3,108) = 22.72; sig\ 0.000; g2 = 0.034]. Differences

between PS50 and PS1/n as well as differences between DS and Type A were not

significant.

To arrive at a Cronbach’s alpha of 0.8, significantly fewer items are needed with PS50

and PS1/n than with DS and Type A [F(3,108) = 14.37; sig\ 0.000; g2 = 0.285]. Dif-

ferences between PS50 and PS1/n as well as differences between DS and Type A were not

significant. Detailed results are shown in Table 2.

Item difficulty

Item difficulties differed significantly depending on the scoring algorithm

[F(3,108) = 1076.39; sig\ 0.000; g2 = 0.791]. The mean difficulty ranged from 0.5 for

DS to 0.82 for PS1/n, demonstrating that items with PS1/n were easier. The difficulty of

Type A items lay between that of PS50 and PS1/n.

When analyzing the number of items that were too easy (p[ .91) or too difficult

(p\ .24), we found significant differences in all scoring algorithms

Table 2 Mean reliabilities projected to 50 items (a50), mean z-value for reliability and number of items
needed for a Cronbach’s alpha of 0.8 (n0.8)

Scoring algorithm a50 SD (a50) z SD (z) n0.8 SD (n0.8)

DS 0.70 0.15 0.93 0.32 103 78.8

PS50 0.75 0.13 1.05 0.33 75 54.1

PS1/n 0.75 0.13 1.06 0.32 74 52.7

Type A 0.72 0.12 0.96 0.30 87 51.7
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[Fp[0.9(3,108) = 45.92; sigp[0.9\ 0.000; g2
p[ 0:9 ¼ 0:561 Fp\0.24(3,108) = 45,64;

sigp\0.24\ 0.000 g2
p[ 0:24 ¼ 0:559]. The use of DS led to the highest number of items that

were too difficult, while PS1/n led to the highest number of items that were too easy.

Detailed results are shown in Table 3.

Item discrimination

The use of PS1/n and PS50 resulted in significantly higher item-total correlations compared

to DS and Type A [F(3,108) = 60.21; sig\ 0.000; g2 = 0.626]. Differences between PS1/

n and PS50 as well as differences between DS and Type A were not significant. Item

discrimination was sufficient in all scoring algorithms. Detailed results are shown in

Table 4.

Influencing variables

The control variables (medical school, year of study) showed no significant interaction in

our analyses, indicating that none of them had an impact on the results [medical school:

reliability: F(6,102) = 1.12; sig = 0.35; difficulty: F(6,102) = 0.22; sig = 0.65; dis-

crimination: F(6,102) = 0.44; sig = 0.59; year of study: reliability: F(3,105) = 0.61;

sig = 0.28; difficulty: F(3,105) = 0.29; sig = 0.72; discrimination: F(3,105) = 1.37;

sig = 0.26].

Covariates

Students’ rank order in the different scoring algorithms correlated highly with each other.

This became even more salient when correcting the coefficients for unreliability, and

indicates that examinees’ rank order did not change when changing the scoring algorithm.

Additionally, we found high correlation coefficients between students’ rank order in the

different MTF scoring algorithms and in Type A items. Detailed results are shown in

Table 5.

Discussion

Previous studies reported conflicting evidence regarding the psychometric properties of

differently scored MTF items. We included 37 exams, to clarify the effects of different

scoring algorithms for MTF items on psychometric properties and compared the

Table 3 Mean item difficulty-index and number of extremely difficult and extremely easy items for each
scoring algorithm

Scoring algorithm Mean (p) SD (p) p[ 0.91 (%) p\ 0.24 (%)

DS 0.50 0.06 20 (2.0) 136 (13.6)

PS50 0.66 0.07 61 (6.1) 22 (2.2)

PS1/n 0.82 0.08 196 (19.6) 2 (0.2)

Type A 0.73 0.08 387 (17.9) 45 (2.1)
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psychometric results with those of Type A questions. Results were robust and were

influenced neither by the medical school nor by the level of training.

Candidates’ points received with different scoring algorithms for MTF items were

almost perfectly correlated. This indicates that MTF items measure the same ability

independently of the scoring algorithm used. As the scoring algorithms were simulated

over the same items, this result is to be expected. All blueprint categories were covered

with both MTF and Type A. Correlations between MTF items and Type A were high,

indicating that the two types of MC questions measure similar abilities.

In general, partial scoring (PS) algorithms showed higher discrimination indices and

slightly higher reliability, implicating that less items are needed for a reliability of 0.8 than

dichotomous scoring (DS) and Type A. The higher reliability for partial scoring is in line

with findings from the literature. Partial scoring takes partial knowledge into account,

which can lead to a more precise discrimination of examinees, while partial knowledge

remains invisible in dichotomously scored MTF and in Type A items. On the other side,

partial scoring is also more prone to acknowledge chance success compared to dichoto-

mously scored MTF and Type A items. The increased reliability for partial scoring

algorithms would support the argument that partial information contributes more to

measurement precision than does reducing chance success. Comparing the two partial

scoring algorithms, we found no differences in reliability and discrimination. We

hypothesize that the gain in partial information obtained if a candidate answers fewer than

three of the four options of an MTF item correctly is offset by the increased credit of

chance success.

We found that PS50 showed good difficulties and covered the whole range from easy to

difficult items. This indicates that we included carefully constructed items in our study.

The difficulty of the Type A subsets was consistently close to the PS50-scored MTF items.

When changing the scoring algorithm from PS50 to PS1/n, items became easier, whereas

applying DS led to more difficult items. Items that are too easy or too difficult do not

Table 4 Mean discrimination-index and number of not discriminating items for each scoring algorithm

Scoring algorithm Mean (r) SD (r) r\ 0.2

DS 0.30 0.06 0

PS50 0.33 0.07 0

PS1/n 0.33 0.08 0

Type A 0.28 0.08 2

Table 5 Rank correlations of candidates’ points in the different scoring algorithms and in Type A

PS50 PS1/n Type A

DS 0.975** (1.16a) 0.963** (1.15a) 0.776** (.940a)

PS50 0.996** (1.16a) 0.823** (.975a)

PS1/n 0.853** (1.00a)

aCorrelations were corrected for unreliability

**p\ .001
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differentiate between examinees. Unless their content is essential, they tend to be a waste

of resources (Downing and Yudkowsky 2009) and should therefore be avoided. To that

end, PS50 may have advantages, as it covers the optimal range without producing too many

difficult or easy items. However, this finding might be biased, as items were originally

constructed for PS50, and the other two scoring algorithms were only retrospectively

simulated over the items. We chose this approach of simulating DS and PS1/n over the

existing data because it enabled us to use ‘‘real exams that count’’ (Norman et al. 1996).

However, having a scoring algorithm in mind might influence authors’ item development,

and consequently the psychometric characteristics. In any case, authors should be informed

about which scoring algorithm will be used and existing items would have to be adapted to

changes in scoring. As items become easier, for example, with PS1/n, authors may tend to

test uncommon specialist knowledge in order to produce more difficult items. Further

research could analyze whether and how authors are mindful of the intended scoring when

constructing items.

In a nutshell, partial credit scoring leads to better psychometric results than dichoto-

mous scoring and produces similar results to Type A. Until it has been demonstrated that

authors are able to adapt item development to the intended scoring algorithm, so that an

exam with PS1/n scored items also covers the whole range of item difficulty, we suggest

using PS50.

Implications for practice and research

Analyzing the effect of different scoring algorithms for multiple true–false (MTF) items on

psychometric characteristics, partial credit scoring showed slightly higher reliability and

discrimination than dichotomous scoring. Even though differences in reliability are small,

a notable implication for practice is that considerable fewer items are needed to achieve a

reliability of 0.8 when using partial credit scoring. Regarding item difficulty, PS50 showed

the best results, covering the whole range from low to high difficulty. In conclusion, we

would recommend partial credit scoring as a scoring algorithm for MTF items.
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