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Introduction. Health-related knowledge is often assessed 
through multiple-choice tests. Among the different types of for-
mats, researchers may opt to use multiple-mark items, i.e. with 
more than one correct answer. Although multiple-mark items 
have long been used in the academic setting – sometimes with 
scant or inconclusive results – little is known about the implemen-
tation of this format in research on in-field health education and 
promotion.
Methods. A study population of secondary school students com-
pleted a survey on nutrition-related knowledge, followed by a sin-
gle-lecture intervention. Answers were scored by means of eight 
different scoring algorithms and analyzed from the perspective of 
classical test theory. The same survey was re-administered to a 
sample of the students in order to evaluate the short-term change 
in their knowledge. 
Results. In all, 286 questionnaires were analyzed. Partial scor-

ing algorithms displayed better psychometric characteristics than 
the dichotomous rule. In particular, the algorithm proposed by 
Ripkey and the balanced rule showed greater internal consistency 
and relative efficiency in scoring multiple-mark items. A penal-
izing algorithm in which the proportion of marked distracters was 
subtracted from that of marked correct answers was the only one 
that highlighted a significant difference in performance between 
natives and immigrants, probably owing to its slightly better dis-
criminatory ability. This algorithm was also associated with the 
largest effect size in the pre-/post-intervention score change.
Discussion. The choice of an appropriate rule for scoring mul-
tiple-mark items in research on health education and promotion 
should consider not only the psychometric properties of single 
algorithms but also the study aims and outcomes, since scoring 
rules differ in terms of biasness, reliability, difficulty, sensitivity 
to guessing and discrimination.
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Introduction

Knowledge of topics related to lifestyle, health and 
healthcare may guide people’s health-related choices 
and determine their health status. Assessment of these 
issues is growing, as any inadequacies identified can be 
targeted by specifically designed health promotion inter-
ventions [1]. Health-related knowledge may be seen as a 
part of health literacy [2], which is a broader concept de-
fined as “the constellation of skills, including the ability 
to perform basic reading and numerical tasks required 
to function in the healthcare environment”  [3]. Health 
literacy is considered a priority public health goal  [4], 
as its low level is a well-known predictor of poor health-
related outcomes (reviewed in [5]). 
Factual knowledge on health-related topics is usually 
assessed by means of questionnaires and, in particular, 
multiple-choice tests or quizzes. Of the different types of 
question formats, multiple-choice (type-A or one-out-of-
N items, i.e. with the single best option) and true-false 
items are among the most widely used to assess health-
related knowledge. The widespread use of these two for-
mats is probably due to such characteristics as their objec-
tivity, rapidity in testing numerous subjects and receiving 
respondents’ feedback, and the possibility of automatic 

scoring  [6]. Alongside these strengths, however, multi-
ple-choice questions also have weaknesses  [6], such as 
reduced validity due to the possibility (or even encourage-
ment) of guessing [7] and their failure to distinguish be-
tween partial knowledge and absence of knowledge [8, 9]. 
Alternative item formats may partially solve the short-
comings of type-A tests. Among these, multiple true-
false (MTF, also known also as type-X) and multiple-
mark (MM) items with several correct answers (also 
dubbed multiple choice multiple answer or pick-N items) 
have been extensively studied  [10-19]. MTF tests, in 
which the respondent classifies each option as a separate 
true-false statement [14], are somewhat similar to MM 
items, in which the correct options chosen are regarded 
as true options while unmarked distracters are classed as 
false options. Indeed, Cronbach [10] has established that 
MTF and MM formats are very similar in terms of reli-
ability, validity and respondents’ performance. In cer-
tain situations, the MM format may be advantageous in 
terms of item construction, in that it allows more natural 
wording of both questions and response options and may 
need fewer distracters  [15]. Pomplun and Omar  [13] 
have demonstrated that MM questions are a feasible 
objective format and display acceptable reliability and 
validity, while Berk  [20] has underlined that the MM 
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format preserves the main qualities of the type-A format 
while at the same time quantifying complex cognitive 
outcomes by assessing respondents’ lines of reasoning 
in selecting answers. Moreover, MM items are useful 
in evaluating people with average and above-average 
knowledge of a topic [12].
One of the main issues regarding the MM format is the 
choice of an appropriate scoring rule. The most compu-
tationally simple scoring algorithm (SA) is the so-called 
dichotomous rule, whereby the respondent gets the full 
score for all correctly marked options, but nothing oth-
erwise. An important drawback of the dichotomous SA, 
however, is its inability to give credit for partial knowl-
edge; a respondent who gets all but one answer correct 
obtains the same score as one who is unable to provide 
any correct answer or even selects all wrong answers [15, 
21, 22]. Indeed, in research on health education and pro-
motion, laypeople’s knowledge of health-related topics 
is often dubbed as partial knowledge. 
In recent years, several SAs that are able to award partial 
credit, with or without penalties for guessing, have been 
developed and studied  [12, 15, 16, 18, 19]. However, 
the results of these studies have often been inconsist-
ent. Thus, Hsu et al. [12] established that none of the six 
SAs used in their study was significantly better than the 
others, while a partial-credit SA developed by Ripkey et 
al. [16] proved to be superior to the dichotomous SA in 
terms of item difficulty and discrimination parameters. 
These latter findings were later replicated by Bauer et 
al. [19], who documented the superiority of two differ-
ent partial SAs to the dichotomous SA. More recently, 
the balanced SA, specifically designed for MM items, 
has been proposed as an improvement on Ripkey’s al-
gorithm [18]. 
Most of the above-mentioned studies were carried out in 
the academic setting in order to evaluate students’ per-
formances in exams and find an optimal item format. 
However, little is known about how different scoring 
rules applied to MM survey items would affect the eval-
uation of health-promotion outcomes. The present study 
therefore aimed to evaluate whether the choice of a scor-
ing rule could impact on the evaluation of findings. Spe-
cifically, we posed two research questions: (1) do the 
psychometric properties of different SAs applied to the 
evaluation of factual health-related knowledge differ? 
and (2) do different SAs applied to the evaluation of fac-
tual health-related knowledge impact on the outcome?

Methods

Study design and setting
The nutrition-related knowledge of students from seven 
secondary schools in the Genoa metropolitan area was 
assessed in 2012/2013 by means of a self-administered 
paper-and-pencil survey. Participation was voluntary 
and anonymity was assured. No time limit was placed on 
compilation of the questionnaire, though students took 
less than 20 min.; survey administration was strictly su-

pervised in order to prevent cheating. The study and the 
test were approved by the boards of each school.
This initial assessment of nutrition-related knowledge 
was followed by a single interactive lecture given by ap-
propriately trained medical staff accompanied by teach-
ers. The lecture lasted approximately 45 minutes and 
covered both general food- and nutrition-related topics 
(e.g. healthy diet, dietary recommendations, notions of 
macro- and micronutrients) and questions frequently 
asked by the students during the pre-intervention survey 
administration. 
To evaluate changes in knowledge scores, the same sur-
vey was re-administered to a sample of students 2 weeks 
after the lecture.

Survey instrument for assessing  
nutrition-related knowledge
The factual nutrition-related knowledge part of the sur-
vey consisted of 14 items. Two knowledge items were 
excluded from the analysis, as formal flaws (poor speci-
fication of questions) were detected after survey admin-
istration; a total of 12 items were therefore analyzed. 
The survey also contained 7 perceived knowledge items 
(such as, Do you know what carbohydrates are?) and 
2 open-ended items (such as, What would you like to 
know about nutrition?). These items were introduced 
after agreement with teachers, in order to plan the con-
tent of the upcoming lecture and of future school-based 
health-promotion interventions, and were not analyzed 
in the present study. Conceptually, the survey consisted 
of two nutrition-related topics, namely the understand-
ing of food terms and the main sources of nutrients. Two 
formats were adopted: 9 items were MM, while the re-
maining 3 were type-A. The items did not conform to a 
single pattern; among the MM items, the number of op-
tions ranged from 4 to 8, the number of correct options 
from 2 to 5, and the number of distracters from 1 to 5. 
The type-A items had 2 or 3 distracters. To discourage 
guessing [23], a “don’t know” option was also provided. 
All questionnaires were checked for quality control and 
responses were entered into an ad hoc database.

Scoring algorithms
The type-A items were scored by the conventional meth-
od: one point if the respondent marked only the keyed cor-
rect option and zero otherwise. To score the MM items, 
a total of eight SAs were implemented (Tab. I). The first 
was the dichotomous algorithm, which does not allow 
partial knowledge to be quantified (“all or nothing”); this 
SA has been widely used as a comparator versus partial 
SAs [12, 16, 18, 19]. The partial SAs 2-5 were adapted 
from the paper by Hsu et al. [12]; SAs 2, 4 and 5 involve 
some penalty for incorrectly chosen options, while SA3 
does not. The formula of SA2 is similar to that of SA3, 
except for the fact that it penalizes incorrect answers; SA2 
has been judged rather “severe” regardless of the num-
ber of marked distracters and unmarked correct answers 
provided by a respondent [12]. SA4 and its modifications 
are among the first methods of partial scoring described 
in the literature [24, 25]; SA4 consists of subtracting the 
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proportion of marked distracters from that of marked cor-
rect answers. SA5 involves a binomial coefficient and as-
sumes that the incorrect choices made by a respondent are 
the result of guessing [12]. SAs 2, 3 and 5 treat MM items 
as MTF ones. SA6, known as balanced SA, has recently 
been described by Tarasowa and Auer  [18]; it includes 
some logical operators and a penalty is applied only when 
the number of marked options exceeds that of keyed cor-
rect options. The SA7 proposed by Ripkey [16] yields a 
proportion-of-possible-points score only if the number 
of marked options does not exceed the number of keyed 
correct options. SA8, dubbed PS50 by Bauer et al.  [19], 
awards the full score if all correct options are marked (no 
distracters must be marked), half the score if least 50% 
of correct options are marked, and zero points otherwise. 
Items to which no response was given or the “don’t 
know” option was selected were awarded zero points. 
The “don’t know” option was not included in the count 
of the total number of options used for scoring and data 
analysis. 
Scores of individual items were summed to produce a 
total score. By agreement between the research team and 
teachers, for scoring purposes all 12 items were assumed 
to have the same level of difficulty of 1; the highest pos-
sible score was therefore 12.

Independent variables
Demographic variables of age, sex and immigrant back-
ground were recorded from each participant. Body mass 
index (BMI) was calculated from self-reported height 
and weight, mapped to the BMI-for-age growth charts 
and classified in underweight (< 5th percentile), normal 
weight (5th-85th percentile), overweight (85th-95th per-
centile) and obese (≥ 95th percentile) categories.

Statistical analysis
For purposes of analysis, the factual nutrition-related 
knowledge part of the survey was divided (by item type 
format) into two subsets: the MM subset and the whole 
survey, which also included 3 type-A items. 
Students’ scores calculated according to the different 
SAs were compared by means of repeated-measures 
analysis of variance (rANOVA); the Greenhouse-Geis-

ser correction for sphericity was applied by applying a 
significant Mauchly’s test statistic. Post-hoc t tests for 
paired data, with p-values corrected by means of Bonfer-
roni’s method, were subsequently performed. Tarasowa 
and Auer [18] have suggested that the dichotomous SA1 
should be used as a reference rule for scoring MM items 
(as it virtually excludes the probability of guessing) and 
that respondents’ rankings should then be compared 
among different SAs; we therefore calculated Spear-
man’s ρ coefficients with 95% confidence intervals 
(CIs) in order to compare students’ rankings yielded by 
SA1 and the other seven SAs.
The psychometric properties of each SA were evalu-
ated from the perspective of classical test theory. To 
measure internal consistency, Cronbach’s α coefficients 
with 95% CIs were computed. The eight dependent α 
coefficients and subsequent pairwise comparisons with 
adjusted p-values were compared by means of Feldt’s 
formulas  [26, 27] implemented in the cocron R pack-
age [28]. The standard errors (SEs) of students’ scores 
were determined as SD√1-α, where SD is the standard 
deviation of the scores [29]. The efficiency of an SA was 
evaluated by means of the coefficient of effective length; 
two SAs with a coefficient of effective length of 1 were 
considered equally efficient (relative efficiency)  [12]. 
The Spearman-Brown prophecy formula was applied in 
order to estimate the number of items needed to reach 
a desirable α of 0.7 and to compare the reliability coef-
ficients of type-A and MM items, considering their dif-
ferent numbers. The item-difficulty index p, calculated 
as the mean score of an item, was categorized as “dif-
ficult” (p < 0.2), “acceptable” (0.2 < p < 0.8) and “easy” 
(p  ≥  0.8)  [29, 30]. The mean difficulty indexes of the 
eight SAs were compared by means of rANOVA. The 
item-discrimination index D was computed for each SA; 
items with D > 0.2 were considered acceptable [31].
The differences in the total scores according to the in-
dependent variables of interest (gender, immigration 
background and BMI categories) were quantified by 
applying standardized mean differences (SMDs) with 
95% CIs; SMD was interpreted as large (0.8), medium 
(0.5) and small (0.2) [32]. Any association between the 
total score and the independent variables was checked 
by means of analysis of variance (ANOVA), while that 

Tab. I. Description of scoring algorithms used in the study.

Scoring algorithm Definition Reference
SA1 S = 1 if IC = 0, otherwise S = 0 12, 16, 18, 19
SA2 S = (CC – IC)/TO 12
SA3 S = CC/TO 12
SA4 S = MCO/CO – (MIO/(TO – CO)) 12
SA5 S = CC/TO – ((TO!/IC!·(TO – IC)!)/2^TO) 12

SA6
p = MCO/CO, if p > 0 ⇒ x = MO/TO – CO/TO, otherwise p = S; 
if x > 0 ⇒ S = p – (x/(1 – CO/TO)), otherwise p = S

18

SA7 S = MCO/CO if MCO ≤ CO, otherwise S = 0 16
SA8 S = 1 if IC = 0, S = 0.5 if 0.5·CO ≤ MCO < CO, otherwise S = 0 19

S: Respondent’s score on a multiple-mark item (max = 1); CO: Number of keyed correct options; CC: Correct choices made by a respondent (both marked 
correct answers and unmarked distracters); IC: Incorrect choices made by a respondent (both marked distracters and unmarked correct answers); TO: 
Total number of item options; MCO: Correct options marked by a respondent; MIO: Incorrect options marked by a respondent; MO: Options marked by 
a respondent; p: Points for MCO; x: Penalty.
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between the score and the participants’ age was checked 
by means of Pearson’s correlation coefficient r. These 
tests were performed separately for each SA. 
Assuming an SMD of 0.5 between pre- and post-lecture 
scores when two-sided α is 0.05 and β is 0.9, we calcu-
lated that at least 44 subjects were needed. Cochran’s Q 
test was performed to evaluate whether the different SAs 
had identical effects on the pre- to post-lecture change in 
individual scores (improved vs. not improved). The pre/
post score changes were quantified by means of SMDs.
The statistical significance level was conventionally set 
to two-sided p < 0.05. All data were analyzed by means 
of the R stats package, version 3.1.2 [33] and GPower, 
version 3.1.9.2 [34].

Results

Sample characteristics
Students took an active part in the survey, completed 
questionnaires (total 298) being received from all par-
ticipants. However, 12 questionnaires did not pass the 
quality check: 9 students had not attempted to answer 
any question, including demographic ones, while 3 
questionnaires contained unlikely answers (such as im-
probable weight or height). These 12 were discarded and 
a total of 286 questionnaires were analyzed. Male and 
female students participated in approximately equal pro-
portions (males: 51.0%) and their mean age was 16.1 
(SD 1.1, range 14-20) years. Approximately a quarter 
of subjects [22.7% (95% CI: 18.0-28.0%)] were from an 
immigrant background. As calculated from self-reported 
height and weight, more than four fifths [82.2% (95% 
CI: 77.2-86.4%)] of students were of normal weight 
for their age and sex, while 2.1% (95% CI: 0.8-4.5%), 
12.2% (95% CI: 8.7-16.6%) and 3.5% (95% CI: 1.7-
6.3%) were classified as underweight, overweight and 
obese, respectively. 

Difference in students’ performance,  
by algorithm
As shown in Figure 1, the summary scores of the seven 
partial SAs were higher than those yielded by the dichot-
omous algorithm (∆ means: 1.50, 3.71, 2.03, 2.51, 2.88, 
2.96 and 1.64 for SA2-8, respectively); as expected, the 
partial, non-penalizing SA3 yielded the highest scores. 
The mean scores of SA6 and SA7 were very close to 
each other; the mean scores yielded by SA7 were 1.1% 
and 1.5% higher than those of SA6 in the whole sur-
vey and the MM subset, respectively. rANOVA with 
corrected for sphericity (ε = 0.41) degrees of freedom 
showed a significant (p  <  0.001) within-subject effect 
of SA on students’ performances. All pairwise com-
parisons proved statistically significant. As shown by 
rank correlation coefficients (Tab.  II), students’ scores 
calculated according to SA8 were the most highly cor-
related with those of SA1; the lower limit of 95% CIs of 
ρ between SA1 and SA8 did not overlap with the upper 
limits of most of the other pairwise coefficients. 

Psychometric properties of the scoring 
algorithms
There was a perceptible difference in the reliability meas-
ures of the SA: the dichotomous SA displayed a lower 
α coefficient (0.48) than any of the partial algorithms 
(Tab.  III). Notably, considering only MM items, SA3, 
SA6 and SA7 increased their reliability coefficients, 
but only SA7 reached an α > 0.7. The SE of measure-
ment was lowest for SA3 (0.68), while SA1, SA2 and 
SA4 showed substantially higher SEs (1.08, 1.03 and 
1.06, respectively). Analogously, the Spearman-Brown 
prophecy formula showed that, in order to achieve an 
α of 0.7, the number of items would need to be more 
than doubled for the dichotomous SA1, while for the 
balanced SA6 only three items would need to be added 
(Tab. III). The reliability coefficient of the three type-A 

Fig. 1. Students’ scores, by scoring algorithm and survey subset.

Tab. II. Spearman’s ρ correlation coefficients between the dichoto-
mous scoring algorithm 1 (SA1) and the other seven partial scoring 
rules applied to the multiple-mark survey subset (all p < .001).

Scoring algorithm ρ 95% CI
SA2 0.79 0.74-0.83
SA3 0.73 0.67-0.78
SA4 0.74 0.68-0.79
SA5 0.82 0.78-0.85
SA6 0.81 0.77-0.85
SA7 0.78 0.73-0.82
SA8 0.88 0.85-0.90



A. DOMNICH ET AL.

E166

items was 0.32 (95% CI: 0.17-0.44). The projected coef-
ficient for N = 9 type-A items was estimated to be 0.58, 
which was lower than the α coefficients of the 9 MM 
items scored according to SAs 3, 5-8 (Tab. III).
As demonstrated by the coefficients of effective length 
(Tab. IV), SA1 was the least efficient algorithm, while 
SA7 was the most efficient. More generally, SAs 3, 
5-7 were at least twice as efficient as SA1. The eight 
reliability coefficients of both survey subsets differed 
significantly (p < 0.001). Several pairwise comparisons 
of α coefficients proved statistically significant in both 
survey subsets (Tab. V). In the MM survey subset, the 
α of SA7 was significantly higher than those of the 
other seven SAs, while, considering all items, the α 
of SA7 did not differ significantly from those of SA3 
and SA6.
The mean difficulty index (Tab. VI) was the lowest when 
SA1 was applied, while the quiz was the “easiest” when 

SA3 was used. The differences among mean difficulty 
coefficients adjusted for sphericity violations proved 
to be highly significant in both subsets (p < 0.001). All 
type-A items had difficulty indexes p between 0.2 and 
0.8; thus the numbers of easy and difficult items in both 
survey subsets matched. The highest number (N = 4) of 
difficult items (p  <  0.2) was observed when SA1 was 
used, while according to SAs 3, 5-7, no difficult ques-
tions were present in the survey. Conversely, according 
to SA3, three items were classified as easy (p  >  0.8), 
while none were when the dichotomous SA1 was ap-
plied.
The item discrimination analysis reported in Table VII 
did not reveal any negative total item correlation coef-
ficient, while the number of items with D > 0.2 varied 
by SA. SA2 and SA4 showed slightly higher mean dis-
crimination indexes; notably, all MM items scored by 
SA4 had desirable point-biserial coefficients. 

Tab. III. Reliability measures of the scoring algorithms (SAs), by survey subset.

Scoring algorithm
α (95% CI) N of items needed to reach α = 0.7

All (N = 12) MM (N = 9) All (N = 12) MM (N = 9)
SA1 0.48 (0.38-0.56) 0.42 (0.32-0.52) 31 29
SA2 0.60 (0.53-0.67) 0.57 (0.49-0.64) 19 16
SA3 0.65 (0.59-0.71) 0.66 (0.60-0.72) 15 11
SA4 0.59 (0.51-0.65) 0.53 (0.45-0.61) 20 19
SA5 0.65 (0.58-0.71) 0.65 (0.59-0.71) 16 12
SA6 0.66 (0.60-0.72) 0.68 (0.63-0.74) 15 10
SA7 0.67 (0.62-0.73) 0.71 (0.65-0.76) 14 –
SA8 0.60 (0.53-0.68) 0.59 (0.52-0.66) 19 15

Tab. IV. Relative efficiency of the scoring algorithms, as measured by the coefficient of effective length of all items (upper right triangle) and 
only multiple-mark items (lower left triangle).

Scoring algorithm SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8
SA1 – 1.63 2.01 1.56 2.01 2.10 2.20 1.63
SA2 1.83 – 1.24 0.96 1.24 1.29 1.35 1.00
SA3 2.68 1.46 – 0.77 1.00 1.05 1.09 0.81
SA4 1.56 0.85 0.58 – 1.29 1.35 1.41 1.04
SA5 2.56 1.40 0.96 1.65 – 1.05 1.09 0.81
SA6 2.93 1.60 1.09 1.88 1.14 – 1.05 0.77
SA7 3.38 1.85 1.26 2.17 1.32 1.15 – 0.74
SA8 1.99 1.09 0.74 1.28 0.77 0.68 0.59 –

Tab. V. Pairwise comparisons* of Cronbach’s α coefficients of all items (upper right triangle) and only multiple-mark items (lower left triangle)..

Scoring algorithm SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8
SA1 – < 0.001 < 0.001 0.011 < 0.001 < 0.001 < 0.001 < 0.001
SA2 0.003 – 0.036 0.99 < 0.001 < 0.001 < 0.001 0.99
SA3 < 0.001 < 0.001 – < 0.001 0.99 0.99 0.94 0.046
SA4 0.31 0.23 < 0.001 – < 0.001 < 0.001 < 0.001 0.99
SA5 < 0.001 < 0.001 0.99 < 0.001 – 0.99 0.048 0.001
SA6 < 0.001 < 0.001 0.99 < 0.001 0.12 – 0.51 < 0.001
SA7 < 0.001 < 0.001 0.037 < 0.001 < 0.001 0.004 – < 0.001
SA8 < 0.001 0.99 0.018 0.99 0.001 < 0.001 < 0.001 –

*: Results are reported as p-values corrected by means of Bonferroni’s method.
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In-field assessment: impact of the scoring 
algorithm on outcome assessment
Neither BMI category nor age was associated with the 
total score yielded by any SA. Female students scored 
significantly higher than males on 5 of the 7 partial SAs. 
The effect size was, however, judged small. By con-
trast, SA1, SA2 and SA8 were unable to highlight the 
effect of gender on the respondents’ nutrition knowledge 
(Fig.  2a). Foreign students tended to score lower than 
Italians, though the difference reached the significance 
level (low effect size of 0.29) only when SA4 was ap-
plied (Fig. 2b). However, the total score yielded by most 
algorithms was probably determined by a combined 
effect of gender and immigration background; foreign-
born males scored much lower than native male students 
(Fig. 2c), while no obvious pattern emerged regarding 
differences in scores between immigrant and Italian fe-
males (Fig. 2d). The effect size in scores between foreign 
and native male students was medium for all but one 

(SA7) rule. Final ANOVA models of the main effects of 
gender and nationality and their interaction confirmed 
the results of univariable statistics, although patterns of 
main and interaction effects differed by SA (Tab.VIII).
A total of 42 students completed the post-lecture survey. 
Most students improved their pre-lecture scores, though 
the proportions differed significantly (p = 0.006) by SA 
(54.8%, 76.2%, 73.8%, 66.7%, 71.4%, 61.9%, 66.7% 
and 64.3% on using SA1–SA8, respectively). Figure 3 
reports effect sizes for pre- and post-lecture scores. The 
highest effect sizes were observed for SA4 (0.60) and 
SA2 (0.53), and were judged medium, while the other 
SAs displayed low effect sizes.

Discussion

The present study investigated the application of eight 
different scoring rules for MM items and demonstrated 

Fig. 2. Standardized mean differences in total scores between females and males (a), native and immigrant students (b), native male and 
immigrant male students (c) and native female and immigrant female students (d), by scoring algorithm.
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how they may affect the evaluation of health education 
outcomes. In line with previous findings [16, 18, 19], we 
found greater internal consistency and relative efficien-
cy of Ripkey’s rule (SA7) and its modifications, such 
as the balanced algorithm (SA6), in scoring MM items. 
The SA proposed by Ripkey also performed compara-
tively well with regard to item difficulty. We found that 
the choice of SA may have a great influence on student 
performance; application of the non-penalizing SA3 ap-
proximately doubled the total score yielded by the di-

chotomous SA1. This finding is consistent with previous 
research [12, 16, 18, 19], which has indicated that MM 
items scored dichotomously are relatively difficult. In 
addition, our results support those of Tarasowa and Au-
er [18], in that SA6 and SA7 penalized respondents more 
than SA3, which is an MTF-like algorithm, but less than 
the other rules. This may have important implications 
for the comparison of knowledge scores obtained from 
different studies. For instance, previous European stud-
ies on nutrition knowledge among adolescents  [35-38] 
have found about 60% of correct responses in multiple 
choice tests, which roughly corresponds to our estimate 
(mean percent scores of 54%-64%) obtained by apply-
ing partial SAs 3,5-7. By contrast, the dichotomous al-
gorithm produced a substantially lower score of 33%.
Despite the somewhat superior psychometric properties 
of the Ripkey and the balanced scoring rules, our analy-
sis revealed that SA4 was the only one that identified the 
negative impact of an immigrant background on the total 
score. This observation was probably due to a slightly 
higher discriminatory ability of SA4. The relationship 
between immigrant status and knowledge scores seems 
to be plausible; indeed, a large European study [35] con-
ducted in nine countries found a 10% difference in nu-
trition knowledge scores between native and immigrant 
adolescents. This coincides with our estimate of a 10.6% 
mean score difference between Italian and migrant teen-
agers. On the other hand, the association between im-
migrant background and knowledge scores probably 
depends on sex, as shown by the fact that foreign-born 
male students displayed the poorest performance, re-
gardless of the scoring rule used. Similarly, in the quasi-
experimental part of the study, all algorithms were able 

Fig. 3. Standardized mean differences in pre- and post-interven-
tion total scores, by scoring algorithm

Tab. VI. Difficulty parameters of survey items, as measured by the different scoring algorithms, by survey subset.

Scoring algorithm
Mean difficulty, p (SD)

N of easy items N of difficult items
All (N = 12) MM (N = 9)

SA1 0.33 (0.27) 0.27 (0.25) 0 4
SA2 0.46 (0.29) 0.44 (0.32) 1 2
SA3 0.64 (0.20) 0.68 (0.17) 3 0
SA4 0.50 (0.26) 0.50 (0.28) 1 2
SA5 0.54 (0.22) 0.55 (0.22) 1 0
SA6 0.57 (0.20) 0.59 (0.20) 1 0
SA7 0.58 (0.21) 0.60 (0.20) 1 0
SA8 0.47 (0.25) 0.45 (0.26) 1 2

Tab. VII. Discrimination parameters of survey items, as measured by the different scoring algorithms, by survey subset.

Scoring algorithm
Mean discrimination index, D (SD) N of items with D > 0.2
All (N = 12) MM (N = 9) All (N = 12) MM (N = 9)

SA1 0.33 (0.21) 0.35 (0.28) 8 5
SA2 0.36 (0.12) 0.38 (0.16) 11 8
SA3 0.30 (0.16) 0.30 (0.10) 8 6
SA4 0.36 (0.12) 0.37 (0.15) 11 9
SA5 0.32 (0.15) 0.30 (0.14) 9 7
SA6 0.32 (0.14) 0.30 (0.11) 9 8
SA7 0.32 (0.13) 0.31 (0.12) 9 8
SA8 0.32 (0.16) 0.32 (0.16) 10 6
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to highlight the efficacy of the single-lecture interven-
tion in improving students’ scores, although SA4 yield-
ed the highest effect size for the pre-/post-intervention 
difference. Given the above-mentioned patterns, we be-
lieve that the choice of an SA for MM items should take 
into account not only the psychometric properties of sin-
gle SAs but also the study aims, study population and 
research topic. This supports the principal conclusions 
of Muijtjens et al.  [39], who suggested that the choice 
between less biased number-right (e.g. one point for 
each correct response) and more reliable formula-based 
scoring rules should be balanced by considering several 
education factors. For instance, it is acknowledged that 
females know more about nutrition than males do [35, 
40, 41]; it has also been established that females are less 
likely to guess in multiple-choice tests [42, 43]. It could 
therefore be speculated that SAs with a correction for 
guessing would, to some extent, adjust for gender dif-
ference in scores. Furthermore, the choice of scoring 
rule for MM items may affect the statistical power of the 
analysis, and thus somehow alter outcome assessment. 
An appropriate SA should therefore be chosen during 
the design and planning (e.g. sample size calculation) 
of surveys on health-related knowledge containing this 
type of item format. 
More generally, our results support the principal find-
ings and conclusions of earlier studies [10, 13, 18, 19] 
on the feasibility of the MM format, since the MM items 
scored by most of the partial algorithms displayed at least 
equal internal consistency of the type-A items. MTF 
and MM items are not rare in health-related knowledge 
surveys  [44, 45], including food- and nutrition-related 
ones [46], and these items have usually been scored by 
means of the conventional number-right method. Nev-
ertheless, the guidelines for assessing nutrition-related 
knowledge, attitudes and practices issued by the Food 
and Agriculture Organization of the United Nations [47] 
discourage the use of multiple-choice and true-false for-
mats because of the probability of “lucky guessing”, and 
thus overestimation of knowledge scores. However, a 
correctly guessed answer may be the result of either a 
blind guess (i.e. a random response given by a fully un-
informed subject) or an educated guess (i.e. a response 
given by a partially informed subject) [48]. Despite its 
main disadvantage of giving no credit for partial knowl-
edge, use of the dichotomous rule in scoring MM items 

almost excludes the measurement error due to blind 
guesses [18]. SA8 showed the highest rank correlation 
with the dichotomous reference rule (SA1); this con-
firms the findings of Bauer et al. [19], which indicated 
that partially scored MM items with a 50% threshold of 
correct answers may separate the two types of guessing.
Scoring MM items as MTF items did not yield any ad-
vantage; SAs 2, 3 and 5 neither displayed better psy-
chometric characteristics nor were superior to the others 
in the on-field outcome evaluation. Despite some simi-
larities between MM-item and MTF-item structures, 
Cronbach [10, 49] noted a significant difference in ques-
tions marked as true, and dubbed this an “acquiescence 
bias”; poor respondents tend to perform better on items 
to which the correct answer is “true” rather than “false”. 
In turn, this bias contributes to the skewness of respons-
es  [18]. An added advantage of algorithms, especially 
the balanced SA6, that do not treat MM items as MTF 
items, is that they allow both MM and type-A questions 
to be scored. In other words, MM items scored in ac-
cordance with SA6 and similar rules make these items a 
“subspecies” of the type-A items widely used and recog-
nized in health education/promotion research [18]. 
Overall, our sample may be considered as representative 
of the adolescent population of Genoa. Furthermore, the 
distribution of BMI was very close to the estimates ob-
tained by the Health Behavior in School-Aged Children 
(HBSC) study [50] in the Liguria region (underweight: 
2.3%, normal weight: 83.1%, overweight: 13.2%, and 
obese: 1.5%). A very high participation rate enabled us 
to minimize the response bias. Alongside its strengths, 
the present study had some limitations. First of all, we 
used a survey instrument that had not been fully vali-
dated, although it was highly comprehensible (as shown 
by a Gulpease readability index of 78.4, i.e. easy for 
subjects with a middle-school education) and sensitive 
to changes. Secondly, relatively low reliability coeffi-
cients of the knowledge part of the questionnaire were 
observed; this was probably due to the small number of 
survey items. However, Cronbach’s α of > 0.6 is still ac-
ceptable [51] and the coefficients yielded by some par-
tials SAs were comparable to those of well-established 
literacy instruments (e.g. the Spanish version of the New 
Vital Sign has an α of 0.69 [52]). 
In conclusion, the past few years have seen a revival of 
the use of MM items to assess factual knowledge [22], 

Tab. VIII. Results of ANOVA models for sex and nationality, by scoring algorithm.

Scoring algorithm
Sex Nation Sex : Nation

F p F p F p
SA1 2.88 0.091 1.87 0.17 5.43 0.021
SA2 3.42 0.066 3.90 0.049 8.05 0.005
SA3 8.07 0.005 4.13 0.043 3.07 0.081
SA4 4.66 0.032 5.53 0.019 6.47 0.012
SA5 6.64 0.011 3.28 0.071 5.35 0.021
SA6 5.79 0.017 2.53 0.11 4.41 0.037
SA7 5.62 0.018 1.44 0.23 4.40 0.037
SA8 3.84 0.051 1.98 0.16 5.49 0.020
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including health-related knowledge [44-46]. In research 
on health education and promotion, the choice between 
number-right and formula-based scoring rules, and be-
tween formulas that penalize guessing and those that 
do not, should balance the psychometric properties of 
single scoring rules and the outcomes of interest. The di-
chotomous “all or nothing” algorithm should be applied 
with caution to MM items, especially in cross-sectional 
study designs, owing to its poorer reliability, item dif-
ficulty and discrimination properties. Considering its 
high sensitivity to blind guessing, we believe that im-
plementation of the dichotomous scoring rule should be 
limited to highly standardized survey instruments with 
excellent content validity. However, since school-based 
health-promotion interventions often require close col-
laboration with teachers in preparing knowledge-eval-
uation surveys, the validity of these questionnaires may 
be far from optimal. In the present study, the scoring rule 
proposed by Ripkey [16] and the balanced algorithm de-
scribed by Tarasowa and Auer [18] showed greater in-
ternal consistency and relative efficiency in scoring MM 
items, while the penalizing SA4 was associated with 
largest effect sizes in the in-field evaluation.
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