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Abstract

Even though the impact of the position of response options on answers to multiple-
choice items has been investigated for decades, it remains debated. Research on this
topic is inconclusive, perhaps because too few studies have obtained experimental data
from large-sized samples in a real-world context and have manipulated the position of
both correct response and distractors. Since multiple-choice tests’ outcomes can be
strikingly consequential and option position effects constitute a potential source of mea-
surement error, these effects should be clarified. In this study, two experiments in which
the position of correct response and distractors was carefully manipulated were per-
formed within a Chilean national high-stakes standardized test, responded by 195,715
examinees. Results show small but clear and systematic effects of options position on
examinees’ responses in both experiments. They consistently indicate that a five-option
item is slightly easier when the correct response is in A rather than E and when the
most attractive distractor is after and far away from the correct response. They clarify
and extend previous findings, showing that the appeal of all options is influenced by posi-
tion. The existence and nature of a potential interference phenomenon between the
options’ processing are discussed, and implications for test development are considered.
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Introduction

The multiple-choice format is widely used to assess learning in teacher-made tests
and standardized tests (Gierl et al., 2017). Therefore, multiple-choice tests’ results
have major consequences for academic achievement and professional outcomes,
which urges all potential sources of measurement error to be methodically investi-
gated to ensure optimal validity (Haladyna & Downing, 2004). One of the items’ fea-
tures that can bias responses to multiple-choice items is the position of response
options. Students do pay attention to options position (Carnegie, 2017) and avoid
producing atypical answer sequences when choosing responses to consecutive items
(Lee, 2019). Also, they have been shown to be unconsciously influenced by option
position (Attali & Bar-Hillel, 2003).

However, studies measuring the impact of options position on individual multiple-
choice items and overall test performance have produced conflicting results. Diverse
option position effects have indeed been observed (middle bias, primacy. . .), those
effects being reported to be either statistically significant, of consistent direction, and
small; statistically significant but of unpredictable direction; or non-significant and
negligible (see Hagenmiiller, 2021; Holzknecht et al., 2020). These discrepancies
were at first thought to be caused by methodological issues, such as the use of unba-
lanced conditions in study design or inappropriate data analysis (Fagley, 1987), but
there might very well be other reasons.

One of them is that most studies focusing on options position are either experi-
ments (conducted with a limited number of participants with no genuine motivation
to complete the task) or incidental analyses of real tests responses (not adequately
controlled, regardless of the numerous authentic observations that might have been
collected). Conducting experiments using high-stakes standardized tests may sidestep
this tradeoff by gathering data from large samples within a real-world context. In a
systematic review of the literature (Lions et al., in preparation), just four of such
studies were found. In two of them, items were found to be easier when the correct
response (CR) was in the middle (Attali & Bar-Hillel, 2003) or when CR was posi-
tioned first (Hohensinn & Baghaei, 2017). In the other two, item performance was
found to be hardly influenced by CR position (Sonnleitner et al., 2016) and options
position (Wang, 2019). Further studies reporting clear-cut option position effects are
thus still needed.

Option Position Effects: Middle Bias or Primacy Effect?

A response bias favoring middle options has been reported in several studies (Attali
& Bar-Hillel, 2003; DeVore et al., 2016). Attali and Bar-Hillel (2003) showed this
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middle bias to be systematically present in various settings. For instance, they con-
ducted an experiment concealed within a standardized test (the Israeli Psychometric
Entrance Test administered in 1997/1998) to evaluate whether switching the edge
and middle options influenced performance when answering the same four-choice
items. They observed that examinees (high-school graduates) selected middle options
significantly more frequently than edge options and that items were more accurately
responded to when CR was in the middle.

In contrast, other studies have reported a response bias favoring the first positions,
known as the primacy effect (Hohensinn & Baghaei, 2017; Schroeder et al., 2012;
Tellinghuisen & Sulikowski, 2008). For example, in a study analyzing almost one
million examinees’ responses to four-choice items of a standardized test (the Iranian
University Entrance English Test administered in 2013), items were reported to be
easier when CR was placed first and to be marginally more difficult when CR was
moved toward the bottom of the options list (Hohensinn & Baghaei, 2017). Which
conditions will lead to the presence of either middle bias or primacy effect remain
unclear, but the selection of each option position (A, B, C. . .) and—especially—the
selection of edge options should be analyzed separately to determine whether
responses show a middle bias, a primacy effect, or both.

Item Difficulty When CR Is Positioned First Versus Last

In line with the primacy effect, several studies have claimed that items are easier
when keyed on the first position rather than the last one (see Holzknecht et al.,
2020). For instance, in a comparison between two randomly assigned test forms of a
multiple-choice exam on economics responded by U.S. undergraduate students, the
form which was more frequently keyed on A was linked to higher performance than
the other form, which contained the same four-choice items but was more frequently
keyed on D (Bresnock et al., 1989). Other studies reported that five-choice items
were easier when keyed on A rather than E (Ace & Dawis, 1973; Hodson, 1984; but
see also Taylor, 2005). However, the one study conducted in a real-world context
with a large sample to explore this issue, which evaluated option position effects in
Austrian tests for different tested domains, examinees’ ages, and stakes (reading
comprehension at 10, 14, and 19 years; vocabulary and mathematics at 10 and 19
years; science at 19 years; assessment of the 19-year-old students being high-stakes),
concluded that CR position effects could be neglected, at least among adolescents
(Sonnleitner et al., 2016). In sum, literature does not provide concurring results for
the effects of shifting CR from one edge position to the other one.

Distractors’ Position and Item Difficulty

The origin of the inconsistencies above reviewed might lie in the fact that many stud-
ies have examined CR position effects without controlling for distractors’ position.
Empirical research has shown that a strong distractor’s position and its distance from
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CR can affect item accuracy (Ambu-Saidi & Khamis, 2000; Cizek, 1994; Fagley,
1987; Friel & Johnstone, 1979; Kiat et al., 2018; Shin et al., 2020; but see also
Wilbur, 1970). For instance, in a study in which the most attractive distractor’s
(MAD) relative position and distance from CR were experimentally manipulated
throughout a Malaysian pilot test in statistics responded by 232 undergraduate stu-
dents, MAD was found to be 1.67 times more likely to be selected when presented
before CR than after it. Consistently, item accuracy decreased as CR moved toward
the end of the options list (Kiat et al., 2018).

However, an experiment similarly designed but conducted with a real-world test
(a test on educational assessment taken at a university in Canada) reported no effect
of MAD position and found only a few items to be significantly easier when MAD
was positioned far from CR (Shin et al., 2020). MAD position effects in multiple-
choice tests were also found to be negligible in a study analyzing results to a political
knowledge survey in Germany (Willing, 2013). Effects of MAD distance from CR
remain notably unclear because other studies reported items to be more (not less) dif-
ficult when MAD was far from CR (Ambu-Saidi & Khamis, 2000; Friel & Johnstone,
1979). All of this reveals the need to conduct further experimental studies with large
samples and in a real-world context to determine both CR position effects and
distractors—positions effects.

This Study

In this study, single-correct five-choice items embedded in a standardized test were
used to run two experiments and obtain data from a large sample of examinees within
a real-world context. In Experiment 1, the effects of CR position and MAD distance
from CR were assessed by comparing item accuracy when CR was in A or E and
MAD was close to or far from CR. Consistently with previous studies (Bresnock
et al., 1989; Shin et al., 2020), it was predicted that items would be better responded
when CR was in A and MAD was far from CR. In Experiment 2, the effects of MAD
relative position and MAD location on item accuracy were measured when CR was
held fixed in option B. Item accuracy was expected to be higher when MAD was
located both after and far from CR, following Kiat et al. (2018). Given the scarcity of
large-scale real-life experiments in the field, this study was expected to provide
strong, replicable results that may help better understand the mechanisms involved in
option position effects.

Method
Data and Participants

All examinees’ responses to the language exam of the Chilean national examination
called PSU (Prueba de Seleccion Universitaria) taken in 2020 were gathered (n =
195,715, 46.7% female). PSU is a paper-and-pencil, high-stakes, standardized exami-
nation that students need to take to enter most universities in Chile. PSU comprises
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two mandatory exams that all students must take (one of them being the language
exam) and several other optional exams belonging to different domains that students
voluntarily take depending on the program they apply to (such as history or biology).
Demographics such as socioeconomic status or age were diverse, but most exami-
nees were Chilean fresh high-school graduates (that is, native monolingual Spanich-
speaking adolescents). Examinees were not given any monetary incentives to take
the test. On the contrary, they had to pay a ~ US$40 fee (a state-funded scholarship
being available for low-income students). Since high performance on PSU maxi-
mizes the chances to be admitted into a Chilean university program, most students
can be assumed to have been highly motivated to get the best possible score. All par-
ticipants signed a written informed consent authorizing their data to be used for
research purposes.

Instrument and Task

The language exam was administered in Chile on January 6, 2020, across the whole
country, under standard conditions of high security. It was to be responded on a
Scantron sheet within a maximum time of 2h30 (a no time pressure condition). It
included 80 five-option items from which 75 were operational, that is, considered for
students’ final score computation, and five were pilot, that is, administered for
research purposes only. All items were designed by the DEMRE (Departamento de
Evaluacion, Medicion y Registro Educacional), the state institution in charge of
developing and administering national university admission tests. Items assessed the
achievement of the learning objectives advanced by the Chilean national high
school’s language and communication curriculum. They were organized in different
blocks assembled in four different test forms (see Supplementary Table Sla). In all
forms, the first block assessed knowledge about linking words and organizing sen-
tences in text paragraphs. The remaining blocks assessed the reading comprehension
of text passages of different text types and lengths.

Examinees were randomly assigned to take one of the four test forms. Between
48,000 and 49,000 examinees responded to each form. Forms had a varied distribu-
tion of answer keys (see Supplementary Table S1b). The four groups who received
different test forms had an identical mean high-school grade point average (M: 5.7/7,
SD: .5). Their mean scores in the test’s operational part were very similar (mean
between 40 and 41 CR, SD between 13 and 14 CR). Random assignment of test
forms seemed thus to have led test forms to be responded to by equivalent groups of
examinees.

Stimuli and Conditions

The manipulated five pilot items (hereinafter called Target Items 1-5) were
embedded in the reading comprehension section of the test. When signing the
informed consent, students were informed that some test items were pilot (and
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therefore would not take part in their final score) but did not know which items were
pilot and which ones were not. Across all test forms, pilot items were sequenced in
the same order and located at the same place in the test, right after a block that was
identical for all forms (called ‘‘anchor,”” see Supplementary Table Sla). They
pointed all to the same text passage (presented in Supplementary Figure S1). From
the five target items, Experiment 1 involved Target Items 2, 3, 4, 5, and Experiment
2 involved Target Item 1. Target Items 2 to 5 had been field-tested during a prior
pilot study before administration (with a fixed response order); Target Item 1 had
not. Field-tested items presented acceptable psychometric characteristics (medium
difficulty, acceptable discrimination index, no non-functional distractors).

All conditions consisted of specific arrangements for response options. Incorrect
options for each item were labeled based on the frequency of responses selected by
participants in the prior pilot study (for Experiment 1) or in this study (for
Experiment 2). MAD label was assigned, for each item, to the incorrect option most
frequently selected by examinees. The remaining distractors were numbered as 2, 3,
and 4 following a simple criterion of decreasing frequency. Therefore, the final
labels were MAD, Distractor 2, Distractor 3, and Distractor 4, hierarchically reflect-
ing their efficiency (see Supplementary Figure S2).

In Experiment 1, items belonged to one of four conditions, labeled as ““4_close,”
“A_far,” “E_close,” and ““E_far” to capture both CR position and MAD distance
from CR. These conditions were obtained by crossing two levels of CR position
(A and E) and two levels of MAD distance (MAD located either close to or far
from CR). More precisely, conditions were configured by keying CR on A and
placing distractors in a decreasingly efficient sequence first for A_close (MAD,
Distractor 2, Distractor 3, and Distractor 4 as options B, C, D, and E, respectively)
and then in a reversed sequence for A_far (which placed MAD as option E). The
same logic was used to build the E_close and E_far conditions (see Table 1A).
Conditions were counterbalanced across test forms generating a fully crossed
design (see Tables 1B).

In Experiment 2, Target Item 1 was configured with CR always positioned at B
(this was a requirement from DEMRE’s test development unit). However, unlike
Experiment 1, there was no prior information about distractors’ efficiency. Because
of this, a method was devised to make sure all four individual distractors were placed
at options A, C, D, and E once (across forms). This was done by arranging distractors
arbitrarily in test form 101. Then, form 102 was created by keeping CR at B and mov-
ing all distractors one position up in the list (the distractor placed at C was moved to
A, the one placed at D was moved to C, the one placed at E was moved to D, and the
one placed at A was moved to E). The same procedure was used to generate form
103 from form 102 and form 104 from form 103. The final arrangement of distractors
across forms (showing distractors’ distribution across forms after labeling each dis-
tractor based on examinees’ actual selection) is presented in Table 1C.
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Table I. Experimental Conditions for Experiment | (A, B) and Experiment 2 (C).

A) lllustration of experimental conditions (Experiment ).

Conditions®
Option position A_close A_far E_close E_far
A CR CR Distractor 4 MAD
B MAD Distractor 4 Distractor 3 Distractor 2
C Distractor 2 Distractor 3 Distractor 2 Distractor 3
D Distractor 3 Distractor 2 MAD Distractor 4
E Distractor 4 MAD CR CR

B) Balancing of experimental conditions (Experiment I).

Target item Form 101 Form 102 Form 103 Form 104
2 A _close A_far E_far E_close
3 E_close A_close A_far E_far
4 A_far E_far E_close A_close
5 E_far E_close A_close A_far

C) Balancing of experimental conditions (Experiment 2).

Target Item |
Option position Form 101 Form 102 Form 103 Form 104
A Distractor 2 Distractor 4 MAD Distractor 3
B CR CR CR CR
C Distractor 4 MAD Distractor 3 Distractor 2
D MAD Distractor 3 Distractor 2 Distractor 4
E Distractor 3 Distractor 2 Distractor 4 MAD

Note.“A” and “E” refer to the position of the correct response; “close” and “far” to the distance from the
correct response to the most attractive distractor.
?Conditions are labeled based on the position of the CR and the distance from CR to the MAD.

Data Analysis

Data analyses were run independently by two authors to prevent inaccuracies. In
Experiment 1, the influence of CR position (A, E) and MAD distance from CR (close,
far) on selected responses was examined. This was done by conducting Pearson Chi-
Square Tests of Independence, one for each of the five types of options, namely, CR,
MAD, Distractor 2, Distractor 3, and Distractor 4. The five resulting chi-square tests
were all based on 2X2X2 contingency tables, with two levels for CR position (inde-
pendent variable), two levels for MAD distance (independent variable), and two lev-
els for option selection (dependent variable, either 1 or 0 depending on whether the
option had been selected or not, see Carnegie, 2017 for an example of frequency anal-
ysis). Target Items 2 to 5 were entered as different layers in these analyses because
we wanted to analyze option position effects for each item individually to evaluate
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findings’ replicability. Statistical results are presented as percentages built from raw
frequencies (with 95% confidence intervals [CI] calculated thanks to a formula pre-
sented in Supplementary method), both for collapsed items and for each individual
item. Effect sizes were calculated for CR position and MAD distance effects by
extracting two-way contingency tables from the three-way ones and are reported as
Cramers’ V (see formula in Supplementary method and Cohen, 2013, for interpreta-
tion). Further analyses of effect sizes were obtained by calculating the odds ratios
(ORs) of selecting each type of option relative to all others and by analyzing levels of
significance, magnitudes of ORs, and associated 95% CI. The frequency of selection
for correct and incorrect responses is next called item accuracy and distractor’s effi-
ciency, respectively. Note that omissions (i.e., absence of any selected option for an
item) and null responses (i.e., response other than A, B, C, D, or E to an item) were
excluded from the data used for these analyses.

In Experiment 2, four 2X2 contingency tables (one for each of the four types of
distractors) were constructed and analyzed employing Pearson Chi-Square Tests of
Independence (with two levels for relative position to CR as independent variable
and two levels for distractor selection as dependent variable) to determine the effects
of distractors’ position relative to CR (before, after) on distractors’ efficiency. Four
4X2 contingency tables were also constructed and analyzed to observe the effects of
a second independent variable, distractors’ location (A, C, D, E), on distractors’ effi-
ciency. These analyses were focused on the influence of MAD position. Pearson Chi-
Square Tests of Independence were finally conducted to examine the effects of each
distractor’s position relative to CR and location on item accuracy, using four 2X2
and four 4X2 contingency tables, respectively (both with CR selection as dependent
variable). ORs for Experiment 2 were also analyzed.

Since the design of Experiment 2 was not fully crossed and involved just one item
(Target Item 1), further analyses were conducted at test level and examinee level to
make sure that the differences between conditions were robust and not spuriously
driven by test forms’ and/or examinees’ particularities. A comparative analysis of
answer keys’ distribution of test forms was first used to test whether the obtained dif-
ferences between conditions could be related to this factor. Then, a comparative anal-
ysis of students’ position-based response patterns and students’ responses to the item
just before Target Item 1 observed in the different test forms was done, to verify that
responses to Target Item 1 was not linked to any particular response strategy.
Association between responses to Target Item 1 and the item just before was evalu-
ated by calculating mean square contingency coefficient.

Results
Experiment |: Effects of CR Position When CR Is Located at A Versus E

The influence of CR position on selected responses across items and the accuracy
obtained in the different experimental conditions for each individual item are pre-
sented in Table 2 and Figure 1, respectively (see also Supplementary Figure S2). As
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Condition
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Figure I. ltem Accuracy Observed for the Four Items Manipulated in Experiment |.

Note. The scale of Figure | Y axis starts at 20%. “A” and “E” refer to the position of the correct response;
“close” and “far” to the distance from the correct response to the most attractive distractor.

predicted, overall item accuracy was higher (+4.2% in average) when CR was
located at A (52.3%, 95% CI [52.1, 52.4]) than when it was located at E (48.1%,
95% CI [47.9, 48.2]). Consistently, a statistically significant effect of CR position on
item accuracy was observed for all four collapsed target items, x> (1) = 1,345.15, p
< .001, V = .042. This effect was very small. It was also significant and very small
for all individual items (all p; < .001, V=.052, .010, .081, and .031, respectively, for
Items 2-5), item accuracy being always higher when CR was located at A.

CR position also had a statistically significant effect on MAD efficiency, ()=
523.13, p < .001, V = .026, revealing that MAD efficiency was lower (—2.0% in
average) when CR was in A (16.7%, 95% CI [16.6, 16.8]) than in E (18.7%, 95% CI
[18.6, 18.8]). This effect was significant and very small for three of the four target
items (all three p, < .001, V =.043, .000, .046 and .013, respectively, for Items 2, 3,
4, 5). The effect of CR position on distractor’s efficiency was also significant for all
the other distractors. They were all less efficient when CR was located at A than
when it was located at E, but effect sizes were even smaller for these weaker distrac-
tors (all ps < .001, V =.011, .014, and .012 for Distractors 2—4, respectively).

Experiment |: Effects of MAD Distance When CR Is Located at A Versus E

The influence of MAD distance on selected responses across items and on accuracy
for each individual item are presented in Table 2 and Figure 1, respectively (see also
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Supplementary Figure S2). As predicted, MAD was less frequently selected (—2.4%
in average) when far from (16.5%, 95% CI [16.4, 16.6]) than when close to CR
(18.9%, 95% CI [18.7, 19.0]) and item accuracy was lower (—1.3% in average)
when MAD was close to CR (49.5%, 95% CI [49.3, 49.6]) than far from it (50.8%,
95% CI [50.7, 51.0]). Consistently, MAD distance from CR had a statistically signif-
icant effect on MAD efficiency for the four target items, considered together, x* (1)
=729.71, p < .001, V = .031 or separately (all p; < .001, V = .015, .018, .055 and
.030, respectively for Items 2—5), and MAD distance from CR significantly affected
item accuracy for the four target items, considered together, x* (1) = 133.78, p <
.001, V = .013 or separately (all p; < .013, V = .006, .024, .006 and .018, respec-
tively for Items 2—5). All these effects were very small but revealed a systematic and
consistent phenomenon: MAD efficiency was always higher and item accuracy was
always lower when MAD was close to CR. This was true independently of CR posi-
tion (A or E), indicating that a response option was not always more frequently
selected when presented earlier in the options list.

The effect of MAD distance on the efficiency of other distractors was also signifi-
cant in some comparisons. However, not all distractors were more frequently selected
in the condition ‘‘close’ because not all distractors were necessarily close to and far
from CR in the conditions called ‘“‘close’ and ‘‘far,”” respectively. Interestingly,
MAD distance effect on the efficiency of the weakest distractor was significant and
inverted in direction (i.e., Distractor 4 efficiency was higher in “‘far’’ than in ““close”
condition) for three of the four target items (all three py < .039, V =.010, .000, .039
and .026, respectively for Items 2—5) as well as overall, X° (1) =246.773, p < .001,
V = .018). This result indicated that even the weakest distractor was less frequently
selected (—1.0% in average) when far away from CR (in ‘“‘close’’ condition). This
result must be interpreted with care, however, because the selection of MAD and
Distractor 4 were interdependent phenomena.

Experiment |: Further Analyses and Results Synthesis

OR analyses confirmed the results reported above. On average, examinees were 1.15
times more likely to select MAD when it preceded CR than when it was located after
CR and 1.18 times more likely to select MAD when it was close to CR than when it
was far away from CR. Consistently, examinees were on average 1.18 times more
likely to select CR when it was located at A instead of E and were 1.05 times more
likely to select CR when MAD was far away from it than when MAD was close to
it. OR values reflected very small effects. These effects were even smaller for other
distractors. However, these effects were almost always observed and statistically sig-
nificant at a very low p level (p < .001), for each one of the four items considered in
Experiment 1 (see Table 3).

Taken together, Experiment 1 results suggested that the efficiency of all distractors
varied (although in a small amount) depending on both their relative position and dis-
tance to CR. It is reasonable to think that the decreases in item accuracy observed
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when CR was switched from A to E or when the strongest distractor was closer to CR
were mainly related to the fact that distractors had a higher power of distraction when
explored before CR and in an adjacent time window. Consistently with this possible
interpretation, omission and null responses’ rates were quite similar in all conditions
of CR position and MAD distance (from between 1.1% and 1.5% and between 0.0%
and 0.1%, respectively), indicating that the observed changes in item difficulty were
attributable to changes in distractors’ appeal more than to accidental events. The fact
that CR was systematically selected more often when it was located at A and when
MAD was far from it, for all four items, indicated that the effects of CR position and
MAD distance on performance were not due to an eventual bias in the test forms’
assignment to participants.

Experiment 2: Effects of MAD Position When CR Is Held Fixed at B

Effects of distractors’ position on selected responses for Target Item 1 are presented
in Figure 2. As predicted, MAD was more frequently selected (between +1.6% and
+4.9%) when it was located at A (12.5%, 95% CI [12.2, 12.7]) than when it was
located at any other position (10.9%, 95% CI [10.6, 11.2], 9.5%, 95% CI [9.3, 9.8],
and 7.6% 95% CI [7.4, 7.9] in C, D, and E, respectively), being selected more fre-
quently (+3.1% in average) when located before (12.5%, 95% CI [12.2, 12.7]) than
after CR (9.4% on average, 95% CI [9.2, 9.5], see Figure 2A and 2B). Consistently,
MAD position, either considered as relative to CR (before, after) or as location (A,
C, D, E) had a statistically significant effect on its efficiency, x> (1)=1383.388,p <
001, V=044 and x> (3) = 667.429, p < .001, V = .059, respectively. The effects of
relative position and location on MAD efficiency were very small. Similar effects
were observed for the four other distractors, although effect sizes were even smaller
(all ps < .001, V =.025 and .030 for Distractor 2, .019 and .028 for Distractor 3, and
.023 and .032 for Distractor 4). These results indicated that all distractors were more
frequently selected when they appeared before CR, and the earlier they appeared in
the options list, the more frequently they were selected.

Consistently with our predictions, the lowest accuracy for the Target Item 1 was
found when MAD was located at A and item accuracy was lower (—2.5% in aver-
age) when MAD was located before CR (78.3%, 95% CI [77.9, 78.7]) than after it
(80.8%, 95% CI [80.6, 81.0]). MAD position had a very small but statistically signif-
icant effect on item accuracy when considered as MAD relative position (before,
after) as well as MAD location (A, C, D, E), x* (1) = 143.547, p < .001, V = .027
and x* (3) = 252.602, p < .001, V = .036, respectively (see Figure 2C).

Experiment 2: Further Analyses and Results Synthesis

OR analyses confirmed the results just above reported. Distractors were more likely
to be selected when they were located before CR than after CR (from 1.30 to 1.41
times, depending on the distractor). More precisely, the four distractors were more
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likely to be selected when they were located at A than at C (from 1.08 to 1.16 times),
D (from 1.25 to 1.60 times), or E (from 1.49 to 1.72 times), when they were located
at C than at D (from 1.11 to 1.43 times) or E (from 1.28 to 1.51 times) and when they
were located at D than at E (from 1.05 to 1.27 times). The only distractor whose posi-
tion seemed to affect on accuracy clearly and consistently was MAD: CR was 1.17
times more likely to be selected when MAD was located after CR than before CR
and was more likely to be selected when MAD was in A than in any other location
(from 1.09 to 1.29 times). The further away from CR was MAD, the more likely to
be selected was CR. OR values in Experiment 2 reflected small or very small effects
but, as in Experiment 1, effects of MAD position on MAD efficiency and on accu-
racy were always consistently observed and almost always statistically significant at
a very low p level (p < .001, see Tables 4 and 5).

Supplementary analyses tested whether the obtained differences between condi-
tions could be related to the answer keys’ distribution of test forms. Answer keys’
distribution was unbalanced differently in all test forms, with between 11 and 22
keys in each option position (see Supplementary Table S1b). There were never more
than two keys at the same position in a row, key position repetition being very low
in all forms (between 5.1% and 7.6%). The same block of items (anchor) preceded
Target Item 1 in all forms, and the item just before Target Item 1, whose key was on
C, always had the same arrangement of response options. Thus, the answer keys’ dis-
tribution gave no clear incentive to select any specific position to answer Target
Item 1 in any form.

Then, we tested whether students’ position-based response pattern or students’
responses to the item just before Target Item 1 could have affected the observed
results for Target Item 1. Comparisons between the examinees’ groups which
received a different test form indicated that the group who solved Target Item 1 with
MAD in A did not particularly over-select A (23.6 v/s 21.8, 23.2% and 20.7 %) or
under-select B (18.9 vs. 16.9, 19.0% and 16.5 %) through the whole test. This group
responded A and B to the item just before Target Item 1 faintly less frequently (30.1
vs. 31.7, 30.3% and 32.1 % of A; 9.8 vs. 10.8, 10.4% and 10.4 % of B), but neither
selecting A nor selecting B in both items was correlated (mean square contingency
coefficient for binary variables r¢p < 0.01). In any case, examinees were not better at
finding CR in B throughout the whole test in any test form (accuracy in B was 53.6
vs. 56.1, 59.0, and 53.3 %), and the percentage of items keyed in B was low in all
forms (12.5, 15.0, 18.75, and 13.75 % of keys B), being inferior to 20% which would
be expected with a balanced distribution of answer keys. It was thus reasonable to
think that all examinees, including those who used balanced guessing as response
strategies, probably considered B as a potential CR location for Target Item 1, inde-
pendently of the test form they responded to.

In sum, the observed effects of options position on selected responses for Target
Item 1 did not seem to be related to differences between examinees or test’s charac-
teristics between the four test forms. General achievement, answer keys’ distribution,
examinees’ position-based strategies, or response selection to the item just before the
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Target Item 1 did not clearly influence the observed results. The observed effects of
options position in Experiment 2 seemed to be better explained by the fact that the
earlier MAD appeared in Target Item 1, the higher its efficiency (and consequently
item difficulty) was.

Discussion

In this study, data from a large-sized sample obtained in a real-world context showed
that the same items were slightly more accurately responded to when (a) the CR was
located at A instead of E, (b) the MAD was positioned after CR instead of before CR,
and (c) the MAD was positioned far from CR instead of close to it. These results are
in line with previous claims and findings that items are easier when CR is positioned
first in the options list (Ace & Dawis, 1973; Bresnock et al., 1989; Hodson, 1984)
and when strong distraction is located after CR (Fagley, 1987; Friel & Johnstone,
1979; Kiat et al., 2018) and far from it (Shin et al., 2020). They are consistent with
the presence of an early answer advantage (Hohensinn & Baghaei, 2017; Holzknecht
et al., 2020; Schroeder et al., 2012; Tellinghuisen & Sulikowski, 2008), but not with
a middle bias (Attali & Bar-Hillel, 2003). They extend previous findings because
consistent effects of CR position, distractors’ relative position to CR, and distractors’
distance to CR were observed repetitively and in a natural setting. They establish that
the position of response options has a small but systematic impact on item solving
even in a most consequential test. Moreover, the analysis of a very large sample has
revealed that position influences even the weakest distractor’s selection, which had
not been observed in the past.

Theoretical Relevance: Psychological Principles Underlying
Option Position Effects

It has been claimed that items are easier when keyed on A because reading CR first
allows processing it as fast as possible (Bresnock et al., 1989). Eye-tracking studies
have confirmed that Option A is the first students read (Holzknecht et al., 2020), and
the economy of cognitive resources has been advanced as a general explanation for
early-answer advantages (Schroeder et al., 2012). However, there is still no direct evi-
dence that speediness is related to option position effects on item accuracy, and this
mechanism does not explain distractors’ distance effects.

It has also been claimed that presenting CR first allows processing it before con-
sidering any misleading alternative (Bresnock et al., 1989) and would prevent strong
distractors from causing interference in CR memory retrieval (Kiat et al., 2018). The
interference memory retrieval theory (Anderson et al., 1994) assumes that any infor-
mation processing hinders the accessibility of closely related but non-retrieved mem-
ory traces. It would provide a more convincing explanation for option position and
distance effects. The fact that MAD was more efficient when close to CR in this
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study, even when located after CR, may suggest that interference can alter other
stages of the CR recognition process, not only retrieval.

The satisficing theory (Simon, 1956) has also been invoked to potentially explain
option position effects (Kiat et al., 2018). This theory predicts that options presented
earlier have a better chance to be chosen because test takers often select the first
acceptable option they read (Krosnick, 1991). Consistently, it has been noted that
examinees do not always read all the alternatives before responding (Clark, 1956;
Fagley, 1987; Willing, 2013). However, the high-stakes nature of the test observed
in this study did not promote engaging in a satisficing strategy, and the effect of
MAD distance observed when CR was in E seems to support interference theory. In
fact, only a phenomenon of interference between options processing can explain why
MAD was more efficient in D (condition “‘E_close’”) than in A (condition “E_far”’).
The fact that a strong distractor presented later could provoke higher distraction (if
later means closer to CR) could reflect that interference decreases with time, any dis-
tractor’s interference power being maximal when read just before CR. Presenting
strong distractors close to CR, either before or after, seems in no case to help item
solving by making the comparison between MAD and CR easier as proposed in other
studies (Ambu-Saidi & Khamis, 2000; Friel & Johnstone, 1979).

Finally, the “‘middle bias’’ was probably not observed here because it is mainly
detected when students answer multiple-choice items through guessing (Attali &
Bar-Hillel, 2003; Bar-Hillel, 2015). Most examinees had received months of training
before taking the national exam analyzed in this study. They probably had at least
partial knowledge for most items and did not heavily rely on guessing strategies in
such a high-stakes situation.

Limitations and Future Studies

The option position effect observed in this study can be deemed as clear, systematic,
and consistent because predicted effects of CR position, MAD relative position,
MAD distance, and MAD location were all reliably observed and significant at a very
low p level (ps < .001). However, all calculated effect sizes were small or even very
small (all Vs < .1; all ORs < 2) and low p levels were probably in part due to the
large sample size used in this study. As other authors claimed in the past, option posi-
tion effects might thus be labeled ‘‘manifest but negligible’” (Hohensinn & Baghaei,
2017), but this conclusion could underestimate the aggregate strength of option posi-
tion effects at the test level. It seems more accurate to consider option position effect
as “‘small but important,”” as advanced by Holzknecht et al. (2020). In this study,
almost all predicted option position effects were visible even when considering a sin-
gle item. One test form with a high frequency of items in ““A_far’” condition (i.e.,
keyed on A with MAD in E) would most probably be substantially easier to solve
than one form with a high frequency of items in ““E_close’’ condition (i.e., keyed on
E with MAD in D).
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In addition, option position effects could be stronger for some examinees’ sub-
groups. Low achievers and young examinees were previously found to be particu-
larly sensitive to these effects (Bolt et al., 2020; Shin et al., 2020; Sonnleitner et al.,
2016), and even student personality could interact with option position effects (Kim
et al., 2017). Supplementary analyses considering the influence of examinees’ latent
ability in language (estimated through item response theory) on item accuracy and
MAD efficiency observed in the different conditions of Experiment 1 and
Experiment 2 were run to challenge this possibility. These analyses indicated that
option position effects observed in this study were instead found at all ability levels
(see Supplementary Figure S3). They provide another confirmation that the effects
of options position observed in this study follow a clear pattern; they are not noise in
data and are not due to coincidence.

On a similar note, option position effects could be influenced by items’ characteris-
tics. These effects were previously found to be stronger when items are difficult (Bolt
et al., 2020) and to potentially vary depending on the tested domain (Schroeder et al.,
2012; Sonnleitner et al., 2016). In this study, these effects were observed for items of
different difficulty levels. However, the difficulty level was not considered a study
variable, so further studies should analyze the interaction between item difficulty level
and option position effects more precisely. Moreover, this study’s results should be
replicated in testing fields other than language to inform which tested domains are
most sensitive to such effects. Option position effects observed in different disciplines
have never been compared through empirical studies or systematic reviews, and the
possibility that option position affects option selection for options of some special
form (e.g., numbers) more than for others might explain inconsistent results obtained
in the past. Further research should also address how the phenomenon of interference
between options’ processing interacts with test-takers and items’ characteristics.

Practical Implications

Multiple-choice items are not ‘‘immune’’ to positional response set, as was initially
claimed by Cronbach (1950). Therefore, we believe that the position of response
options must be considered in test development processes, at least for the construc-
tion and analysis of high-stakes tests administered in several test forms with different
option position configurations. Consistently, existing item-writing guides have pro-
vided guidelines about response options placement. Most guides recommend that test
developers arrange options in a “‘logical’” order (e.g., numerically, alphabetically)
and/or vary CR position arbitrarily, by key balancing, or through randomization
(Haladyna & Rodriguez, 2013). The main principle behind these suggestions is that
the position of item options should never lead examinees to detect the correct
response. The fact that not all test developers adhere to this principle and that posi-
tion biases are observable in the distribution of answer keys and strong distractors is
an issue of concern (Attali & Bar-Hillel, 2003; Lions et al., 2021, 2022; Mentzer,
1982; Metfessel & Sax, 1958).
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As far as we are concerned, any option placement strategy that does not provide any
clue to the correct answer is acceptable. Arranging options in random order seems a
good placement strategy, being an easy and quick procedure to apply using computer
devices. Randomizing the order of response options rather than the key position seems
preferable considering the influence of incorrect options’ position observed in this study.
Presenting options in a random-like order, such as alphabetically (or numerically if
options are numbers), would be another good alternative, but it probably consumes more
time. In any case, a computer device should be used if some randomization procedure is
applied because humans cannot produce actual random sequences (Lee, 2019). It is
important to note that in no case should key balancing be used, as balancing promotes
balanced guessing, a successful position-based strategy that item designers should keep
in check (Bar-Hillel & Attali, 2002; Bar-Hillel et al., 2005).

Moreover, it is cautious to present options in a fixed random order for all exami-
nees: Although shuffling options differently for each student is potentially helpful to
reduce cheating in tests administered online, it could lead to inequity situations and
might be best not to be used, particularly when the test’s stakes are high (Bolt et al.,
2020). In any case, test instructions should include a warning against the potential
misuse of options position to spot CR (Paul et al., 2014).

Test developers could increase the difficulty of a too-easy item or turn a non-
functional distractor into a functional one by modifying response order. In standar-
dized tests, options position should be considered when piloting items. When option
position is scrambled for test security reasons, the impact should be evaluated on
item and test analysis to make sure it does not generate any test inequities. No test
developer should doubt that the options position influences the examinees’ perfor-
mance. It subtly does. Certainly, the impact of knowledge on performance is much
higher, but still, options position is worth considering during development, applica-
tion, and analysis of multiple-choice tests.
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