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ABSTRACT
Concept inventories have been determined to be useful assessment tools for evaluating students’ knowledge, particularly in
the sciences. However, these assessment tools must be validated to reflect as accurately as possible students’ understanding of
concepts. One possible threat to this validation is what previous literature calls the item order effect: that the ordering of items
on an assessment may affect how students perform. This study attempts to test the item order effect using different orderings
of pictorial and verbal items on a geoscience concept inventory. Two different orderings of the same concept inventory were
created and distributed to students in introductory geoscience courses via an online survey software (n = 432). The students’
performance on the pictorial and verbal items was statistically analyzed. Seven interviews were also conducted to probe
students about their preferred item format and order. The results revealed no predictable item order effect, though suggestive
trends are present that warrant further study. Implications for educators and researchers are discussed. � 2017 National
Association of Geoscience Teachers. [DOI: 10.5408/16-235.1]
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BACKGROUND
Development of a Concept Inventory

Concept inventories have been recognized as an
effective tool for assessing student knowledge in science
fields (McConnell et al., 2006; Libarkin, 2008). Currently
concept inventories have been developed in physics,
chemistry, astronomy, biology, and geoscience (Libarkin,
2008). This study recognizes a concept inventory as ‘‘a
multiple-choice instrument designed to evaluate whether a
person has an accurate and working knowledge of a concept
or concepts’’ (a survey is considered to have five to seven
items where an inventory has at least 20 items) as defined by
Lindell, Peak, and Foster (2007, 14) in their study on the
methodologies of concept inventory development. Their
study revealed that the process of developing concept
inventories lacks a universal system when it comes to
aspects such as defining the concept domain, establishing
test specifications (how an item will be represented), and
establishing reliability and validity. Reliability and validity
can be tested using many sources of psychometric and
statistical evidence, and it is important that researchers
continue to collect this evidence in order to develop
inventories, which accurately reflect students’ level of
conceptual knowledge (Arjoon et al., 2013).

Validity has three main facets: construct, i.e., importance
of the item for understanding the discipline; content, i.e.,
from an expert perspective, does the item measure
understanding in the discipline?; and communication, i.e.,
does the test taker interpret the item the way the test
developer intended? (Libarkin, 2008). Certain factors, such
as item order, which are not directly related to the content
can inadvertently make certain items easier or more difficult

and therefore can affect the validity of a test (Messick, 1995).
This would have implications for inventory design and the
current study aims to address this possible threat.

The Geoscience Concept Inventory
The Geoscience Concept Inventory (GCI) was devel-

oped by testing 69 items with 5,000 students enrolled in 60
different geoscience courses at over 40 institutions across the
United States (Libarkin et al., 2005; Libarkin and Anderson,
2005; Libarkin et al., 2011). Approximately 75 interviews
were conducted and nearly 1,000 open-ended question-
naires were collected (Libarkin et al., 2005; Libarkin, 2014).
The development team first identified alternate conceptions
held by geoscience students and created test items, which
addressed these alternate conceptions (Libarkin and Ander-
son, 2006a; Ward et al., 2010). These items were externally
reviewed by researchers and educators and then presented
to students via pilot testing, which included think-aloud
interviews. The results of the pilot testing were analyzed
using exploratory factor analysis, item response theory
(Rasch analysis) and scale development theory; interviews
were analyzed using grounded theory (Libarkin and
Anderson, 2006b, ‘‘The Geoscience Concept Inventory’’;
Ward et al., 2010; Libarkin, 2014). Several cycles of revising,
re-piloting, and re-analyzing resulted in the first version of
the GCI (Ward et al., 2010). A GCI WebCenter exists online
where all the validated items are compiled (Ward et al.,
2010). WebCenter visitors can, and are encouraged to,
submit new geoscience items for discussion as potential GCI
items until they are validated. Community members are
invited to contribute to the development of the GCI via
reviewing GCI items, proposing new areas for development,
becoming co-authors of the GCI, and using the GCI to
address student learning (Libarkin et al., 2011). Currently,
there are almost 200 validated items on the WebCenter,
which educators can pick and choose from to use in their
own classrooms. This ‘‘pick and choose’’ process was used to
create the geoscience concept inventory instrument used in
the current study.
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The Item Order Effect
The item order effect is defined as the idea that the order

of items on a test or concept inventory could affect how
students perform on successive items (adapted from Ol-
dendick, 2008). This effect was first studied by Mollenkopf in
1950. He developed a power test (created with multiple
types/skill level of items with the idea that if given an infinite
amount of time, the test taker could achieve a perfect score)
and a speeded test (created with trivially easy items aimed at
completing as many items as possible in a restricted amount
of time) version of a mathematics and verbal skills test; for
each of the four types of test, he created different orderings
of the items based on difficulty where certain items appeared
earlier in one ordering and later in the other ordering
(Mollenkopf, 1950; Mead and Drasgow, 1993). The tests
were given to 382 high school students. The study found
trends in the students’ item-level scores depending on the
item order and whether the test condition was power or
speed (Mollenkopf, 1950).

Since then, many studies have been conducted to either
prove or disprove the item order effect (Bradburn and
Mason, 1964; Monk and Stallings, 1970; Dean, 1973; Crano,
1977; Plake, 1980; Hodson, 1984; Leary and Dorans, 1985;
Balch, 1989; Gohmann and Spector, 1989; Carlson and
Ostrosky, 1992; Coniam, 1993; Neely et al., 1994; Gray et al.,
2002; Pettijohn and Sacco, 2007; Tal et al., 2008; Weinstein
and Roediger III, 2012). Some researchers, like Mollenkopf,
studied item order based on difficulty (Monk and Stallings,
1970; Coniam, 1993), while others looked at ordering
according to content/chapter order versus random ordering
of items (Hodson, 1984; Gohmann and Spector, 1989;
Coniam, 1993). Studies have suggested that factors such as
cognitive load required to answer items preceding the item
of interest could explain the item order effect (Schroeder et
al., 2012). Leary and Dorans (1985) as well as Undersander
et al. (2016) conducted literature reviews of the major studies
conducted to date about the item order effect. Both literature
reviews concluded that in aggregate, there is inconclusive
evidence as to whether or not this item order effect actually
plays a role in student performance. In fact, there seems to
be as many significant findings as insignificant findings.

Although one of the main concerns regarding the item
order effect is student performance on assessment tools,
researchers are also concerned about the impact of item
order effect on the determination of a test’s item difficulty,
reliability, and validity (e.g., Monk and Stallings, 1970;
Hodson, 1984; Balch, 1989; Carlson and Ostrosky, 1992;
Coniam, 1993; Pettijohn and Sacco, 2007). So far, no
significant results have been found to suggest that reliability
and validity are predictably affected by item order (Monk
and Stallings, 1970; Balch, 1989; Carlson and Ostrosky, 1992;
Pettijohn and Sacco, 2007).

Some of the main limitations of these early studies,
however, is that the researchers could not always enforce
randomization of the test version each student received since
the tests were delivered on a paper medium (tests were
assigned alphabetically, or handed out as students walked
through the door), nor could they enforce sequential
completion as the test developer intended, which would
invalidate any item order effect if students could jump
around to items out of order (Dean, 1973; Plake, 1980; Balch,
1989). This is not to say that item order effects may be the
product of how students take tests, but simply that if

researchers are trying to test a specific ordering and students
do not answer the items in that exact order, then the
ordering cannot really be tested. Another limitation of these
prior studies is the varying student demographics, in terms
of student age and discipline studied. Some studies focused
on high school students (Mollenkopf, 1950), while others
focused on undergraduate students (Gohmann and Spector,
1989) and even adults in the work force (Bradburn and
Mason, 1964). A third limitation which hinders the
comparison of all of these studies is the wide range of
disciplines studied. Disciplines studied include business and
economics (Dean, 1973; Gohmann and Spector, 1989;
Carlson and Ostrosky, 1992), chemistry (Hodson, 1984;
Undersander et al., 2016), general social science (Crano,
1977), geography (Monk and Stallings, 1970), job related
interviews (Bradburn and Mason, 1964), math (Mollenkopf,
1950; Leary and Dorans, 1985), physics (Gray et al., 2002),
psychiatric nursing (Plake, 1980), psychology (Balch, 1989;
Neely et al., 1994), and verbal skills (Mollenkopf, 1950;
Coniam, 1993). The sentiment of Bradburn and Mason
(1964) which states that until any two studies are studying
the exact same ordering effect in the same discipline and
context, the effect cannot be confidently generalized for
other external situations still stands.

To summarize, the literature regarding the item order
effect is plentiful, yet conflicted. While some studies claim
that an item order effect exists, others claim that it does not,
and therefore it is unclear whether multiple orderings of test
items would have any predictable, significant effect on
students’ test scores or the validity of a concept inventory.
The current study aims to address some of the identified
limitations of previous studies by investigating differences in
performance at the item level on two versions of a
geoscience concept inventory; undergraduate college stu-
dents in an introductory geoscience course took this
inventory online to ensure true randomization and forced
sequential completion.

Item Format: Pictorial versus Verbal
Extensive research has been conducted on the use of

pictorial (visual) items and verbal (textual) items in student
learning and assessment. For the purpose of this study, a
visual/pictorial item is an item that includes any form of
visual aid or visual representation (e.g., real-life picture,
diagram, chart, graph, table, time-scale, map, cross section),
often to accompany other text (LaDue et al., 2015). In
contrast, a verbal/textual item is an item with no accompa-
nying visual aid; students must rely solely on the words of
the item and answer choices. This research has led to the
identification of best practices for both types of items. For
example, some of the best practices for minimizing exam
fatigue and confusion when using verbal items include
monitoring the length of items and word choice (Haláková
and Prokša, 2007). For pictorial items, researchers suggest
that the most important factors to consider is the length and
word choice of captions, the balance of supplemental text
(captions) to visuals, that the visuals actually be supplemen-
tal and relevant to the text, and that the content of visuals be
attended to with greater importance than aspects such as
color or realism (Haláková and Prokša, 2007; Phillips et al.,
2010).

Having balanced text to accompany visuals is especially
important in assessment. Because not all students use
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pictures the same way, supporting text can be useful in
communicating what the item developer wants the student
to get out of the picture, and in fact visuals may be
essentially useless without some amount of supporting text
(Holliday, 1975; Mayer, 1989; Mayer and Anderson, 1991;
Mayer et al., 1996; Angeli and Valanides, 2004; Crisp and
Sweiry, 2006; Phillips et al., 2010; Kapıcı and Savas-cı–
Açıkalın, 2015). To this end, having too much or too little
supporting text can also be detrimental because it may
reinforce alternate conceptions and incorrect mental models
if the visual is not explained well or is made to seem more
complicated than it is, in which case students may ignore the
picture altogether and a ‘‘good picture’’ can actually be
ruined (Weidenmann, 1989, 163; Mayer and Anderson,
1991; Schnotz and Bannert, 2003; Phillips et al., 2010).

A separate factor to consider is that students’ back-
ground knowledge can also affect the usefulness of textual
and visual assessment items. McNamara (1996) found that
students who had a better grasp of the targeted concepts
required less explicit text and could employ more gap-filling,
whereas students at a lower proficiency in a certain concept
require more explicit text in order to learn the material.
Similarly, Duran and Balta (2014) found in their study that
students who already tended to excel at science were not
affected by the presence or absence of visual items, whereas
students who did not tend to excel at science performed
better when they had pictorial items compared to students
who did not excel at science and saw only verbal items. For
this reason, Duran and Balta (2014) suggest that while
pictures generally seem beneficial for STEM learning (LaDue
et al., 2015), it is not always necessary to include visuals in
each assessment item, and more importantly all items
should be piloted to assess their value.

Visuals in Geoscience Education
The use of visuals has been found to be especially useful

in geoscience education, and the development of spatial skills
is crucial for students to succeed in geoscience courses,
especially in classes such as structural geology and classes that
require three-dimensional (3D) thinking (Orion et al., 1997;
Libarkin and Brick, 2002; LaDue et al., 2015). As it relates to
geoscience, spatial thinking can be described as ‘‘(a)
recognizing, observing, recording, describing, classifying,
remembering, and communicating the two- or three-dimen-
sional shapes, structures, orientations, and positions of
objects, properties, or processes; (b) mentally manipulating
those shapes, structures, orientations, and positions by
rotation, translation, deformation, or partial removal; (c)
making interpretations about why the objects, properties, or
processes have those particular shapes, structures, orienta-
tions, and positions; (d) making predictions about the
consequences or implications of the observed shapes,
structures, orientations, and positions; and (e) using spatial
thinking as a short cut or metaphor to think about the
distribution of processes or properties across some dimension
other than length-space’’ (Ishikawa and Kastens, 2005,184–
186). Students in introductory level courses often come in
with under-developed and varying levels of spatial skills
(Ishikawa and Kastens, 2005; Titus and Horsman, 2009). Since
researchers have found a correlation between students’ spatial
skill level and their success in geoscience courses, there has
been a call to action to try to reinforce these skills by
practicing them during class time (Orion et al., 1997; Gobert

and Clement, 1999; Titus and Horsman, 2009; Liben and
Titus, 2012). Titus and Horsman (2009) suggest that teachers
use a pre-assessment at the beginning of the semester to
determine their students’ spatial skill level so that they can
help their students learn the material most effectively.

This study investigates student performance on isomor-
phic items one presented solely verbally the other containing
maps. The past research previously described suggests that
students may be more challenged by the item containing
maps.

The Chemistry Concept Inventory
The current study builds on a prior study in chemistry in

which the item order effect within a concept inventory was
also explored (Undersander et al., 2016). The study was
developed as result of observations made during the
development of a concept inventory about acid/base/
solubility chemistry. In particular, the researchers noticed
during think-aloud interviews that students answered
differently depending on the order that certain pictorial
(visual) and verbal (textual) items were presented to them.
This led to an investigation of the existence of an item order
effect with the pictorial and verbal items.

The study was first conducted at a Western institution
and was later replicated at a university in the Midwestern
region of the United States in order to address limitations
with data collection at the Western institution. Both studies
produced statistically insignificant results, though large
opposite trends were seen in the two studies (Undersander
et al., 2016). At the Western university, we saw a trend in
which students who saw the verbal item first did better on
the pictorial item than the students who saw the pictorial
item first. Conversely, we found at the Midwestern
university that students who saw the verbal item first did
better on the verbal item than the students who saw the
verbal item second, with no major trend seen among the
pictorial items.

The current study aims to directly replicate the
implementation of the Midwestern university to test for an
item order effect of pictorial and verbal items in the context
of a geoscience concept inventory.

RESEARCH QUESTION
The primary questions being researched are as follows:

1. How does item order affect student performance on
conceptually isomorphic items when presented with
pictorial and verbal versions of the item?

2. Why might this item order effect be present or
absent?

3. To what extent is the item order effect generalizable
across science disciplines?

METHODS
The methods for this study were adapted from Under-

sander et al., 2016 in order to compare findings in in
chemistry to those reported here in geoscience.

Concept Inventory Instrument Design
The concept inventory used in this study consisted of 20

validated geoscience items taken from the Geoscience
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Concept Inventory (Libarkin and Anderson, 2005). Of these
20 items, three addressed the same concept, namely the
relationship between earthquakes, volcanoes, and plate
tectonics; of these three items, two were presented in a
form which used diagrams or maps (pictorial) and the other
was presented purely in words (verbal). In order to test the
item order effect, two versions of the inventory were created
by switching the order of these pictorial and verbal items. In
particular, in one version, the pictorial items appeared after
eight control items followed by seven more control items
and then the verbal item followed by two more control
items. This is version PV. The other version had the position
of the pictorial and verbal items switched so that the verbal
item appeared after the first eight control items and the
pictorial items appeared after the second seven control items.
This is version VP. In both versions, the two pictorial items
remained next to each other and in the same order,
individually labeled as P1 and P2. The first eight control
items always appeared in the same order, as did the second
set of seven control items, and the last two control items.
The two different versions are represented schematically in
Fig. 1. Item P (P1 and P2) is shown in Figs. 2 and 3,
respectively, and item V is shown in Fig. 4. Inventory version
PV can be found in Supplementary Material A (available in
the online journal and at http://dx.doi.org/10.5408/16-235s1).

Data Collection
Concept Inventory

This study was conducted using a mixed-methods
exploratory design. The first part of the study involved
quantitatively surveying students. Over the course of two

semesters (fall and spring, successively), students who were
enrolled in an introductory level geology course were asked
to take a geoscience concept inventory in the form of an
online survey delivered through Qualtrics online survey
software. Students were asked to complete the inventory at
the beginning and end of the semester for pre- and post-
instruction data. The Qualtrics link randomized the version
of the concept inventory that each student took and forced
sequential completion; students could not return to previous
items after they were completed. Students received the same
inventory version at the end of the semester. Once the
Qualtrics link was distributed to each class, the students had
one week to complete the survey before it closed. Professors
were requested to offer extra credit for completion of the
inventory; however this was ultimately left to their discre-
tion, and as a consequence, some offered it and some did
not. When offered, the extra credit accounted for a small
percentage of the total points available for the course.

Interviews
Qualitative data were collected through seven semi-

structured think-aloud interviews conducted after the post-
instruction concept inventory was distributed in both
semesters. Students were given a paper medium of the
same version of the concept inventory they took online. The
use of multiple media was not a concern since Mead and
Drasgow (1993) found no significant difference in perfor-
mance when students take power tests on paper or online.
Students were randomly chosen to be interviewed from a
pool of students who were identified having answered their
first item (P or V) correct on the online survey. For example,

FIGURE 1: Schematic of item order for each version of the concept inventory. For each block of items, items remained
in the same order for each version of the inventory. Each item was ‘‘named’’ after its order in version PV to make it
easy to refer to the items as blocks. This is why even though Item 11 is the 10th item to appear on version VP, it is still
referred to as Item 11 in Block 11–17.

FIGURE 2: The pictorial item demonstrating the relationship between earthquakes and plate tectonics. The correct
answer for item P1 is answer choice D.
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someone who took version PV would have had to answer
item P1 correctly to be included in the pool regardless of
whether they answered item V correctly. Once this pool was
formed, students were asked to volunteer to be interviewed
with the incentive of a $15 gift card. Unfortunately, only
seven students volunteered across the two semesters; we
were thus not in a position to achieve saturation during the
analysis of the interviews and the resulted emerging from
them are thus preliminary. Students were asked to work out
items P1, P2, V, and an arbitrary, unrelated item between P
and V or vice versa to simulate the fact that the online
medium had unrelated items separating the two types of
conceptually isomorphic items. After working through the
four items aloud, students were probed as to which version
of the item (P or V) they preferred and which they thought

FIGURE 3: The pictorial item demonstrating the relationship between volcanoes and plate tectonics. The correct
answer for item P2 is answer choice B.

FIGURE 4: The verbal item demonstrating the relation-
ship between earthquakes, volcanoes, and plate tecton-
ics. The correct answer for item V is answer choice B.
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was more helpful to appear first on a concept inventory or
other assessment tools to aid in answering successive items
correctly. The interview protocol can be found in Supple-
mentary Materials B (available in the online journal and at
http://dx.doi.org/10.5408/16-235s2).

Student Population
A total of 487 pre- and post-surveys were collected.

After cleaning the students’ data, 432 data sets remained to
be analyzed.

SPSS Statistics software was used to conduct t-tests in
order to compare the students’ total scores on the inventory
between versions PV and VP as well as the students’ total
scores on the first eight control items between the two
inventory versions. The first eight items that appeared on the
concept inventory were universal in terms of order and
content. Having these control items at the beginning of the
concept inventory allowed us to compare and potentially
control for students prior knowledge; this ensures that the
students who took one version were not perhaps collectively
more knowledgeable or otherwise dissimilar from the
student population who took the other version of the
concept inventory. After accounting for Type I and II error
(Cunningham and McCrum-Gardner, 2007), the t-test
results on the first eight items and on the concept inventory
overall were statistically insignificant and thus the students
who took the two versions were comparable in their content
knowledge (see Supplementary Material C, Tables III–VI;
available in the online journal and at http://dx.doi.org/10.
5408/16-235s3).

Demographic data were collected at the end of the
concept inventory as further means for determining that the
two student groups were comparable between the PV and
VP versions. Students were asked about their class standing,
major, GPA, gender, whether the class was a repeat for
them, and which lecture section they were in to determine
whether an instructor effect existed. SPSS chi-square tests
and Fisher 2 · 3 and 2 · 4 contingency tests were used to
compare the various demographics. All tests came back
statistically insignificant and all groups were determined to
be demographically comparable (see Supplementary Mate-
rial C, Tables VII–XVIII).

Data Cleaning and Analysis
Survey data were included in the analysis only if they

met the following criteria: Students completed the inventory
and self-reported not using outside resources as well as an
effort level of 1, 2, or 3.

Before students began the online survey, they saw a
screen that instructed them not to use any outside resources.
Students who self-reported using outside resources at the
end of the online survey were removed from the data pool.

Similarly, at the end of the survey students were asked
to self-report their effort level on a scale of 1 to 4 with 1
being ‘‘I gave it my best effort’’ and 4 being ‘‘I didn’t take it
too seriously.’’ Students who answered 4 were completely
removed from the data pool in order to eliminate data that
may be the result of pure guessing. The remaining students’
data were then split into two populations. The first
population includes students who answered with an effort
level of 1, 2, or 3, 2 being ‘‘I gave my best effort for most of
the questions, but not all’’ and 3 being ‘‘I tried on the ones I
thought I knew, but didn’t work too hard at the others.’’ This

will be referred to as the ‘‘moderate effort population.’’ Our
second population consists of students who self-reported an
effort level of 1 or 2, which will be referred to as the ‘‘high
effort population.’’

Finally, only data sets in which students completed all 20
inventory items were used. Unfinished submissions were
disregarded, even if the target items had been answered.
Had any cases of zero variance been found, they would have
been removed; however, no such cases were found.

Because the concept inventory was administered online,
only minimal data cleaning could be performed based on the
amount of time it took students to complete the survey since
Qualtrics only reports a start and stop time stamp as
opposed to total time spent on the concept inventory. Some
responses could be eliminated if the timestamps indicated an
unreasonably short time spent from opening the survey to
the submission of the survey. This was the case for very few
submissions. On the other end of the spectrum, timestamps
that showed the survey being open for multiple days could
not be disregarded since we cannot ascertain the exact
amount of time the student spent thinking about the items
compared to the amount of time the survey was simply left
open on the student’s computer for them to return to. This
emulates true power testing conditions.

The concept inventory data (i.e., individual item scores)
were analyzed using SPSS statistics software. This software
was used to perform chi-square tests based on whether the
three items of interest were answered correctly or incorrect-
ly. The Bonferroni correction was applied to all statistical
data to account for Type I error, rejecting the null hypothesis
when it is actually true, which resulted in a new level of
significance (0.008; Cunningham and McCrum-Gardner,
2007). This decrease in threshold reduces the probability of
Type I error, but increases the probability of Type II error
which is that the null-hypothesis would not be rejected even
if proven false (Cunningham and McCrum-Gardner, 2007).
Statistical power accounts for Type II error by determining
the probability of getting statistically significant results
(O’Keefe, 2007). G*Power 3.1 software was used to calculate
the statistical power of each test (1-b). The ideal statistical
power to indicate a sufficient sample size is 0.8. When this
statistical power is achieved, results can be confidently
reported as an accurate reflection of the sample size. The
lower the value for 1-b is relative to the desired value, the
more likely it is that the sample size is not large enough to
accurately reflect whether the reported two-tailed p values
are actually significant regardless of the corrected threshold
for determining significance.

Transcriptions of the seven interviews were coded for
common themes. The main codes used included whether the
students preferred to see the pictorial or verbal format first,
whether they had no opinion, and why they held the
opinion regarding item preferences. They were also coded
based on whether the student tried to apply the first item
they saw to the successive counterpart items.

RESULTS
Concept Inventory Results

Table I shows the statistical results for the percent of
students who answered each of the three targeted items
correctly.
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In the pre-instruction concept inventory, accounting for
the Bonferroni correction, no statistical significance was
found in either the high effort or moderate effort populations
for any of the three items [moderate effort P1: v2(1, N = 245,
p = 0.784, u = -0.018); moderate effort P2: v2(1, N = 245, p
= 0.875, u = 0.010); moderate effort V: v2(1, N = 245, p =
0.048, u = 0.126); high effort P1: v2(1, N = 208, p = 0.635, u
= -0.033); high effort P2: v2(1, N = 208, p = 0.781, u =
-0.019); high effort V: v2(1, N = 208, p = 0.056, u = 0.133)].
In both effort populations, students performed approximate-
ly 3% better on item P1 when they saw this item first
(version PV). Students performed almost identically on item
P2 between the two effort populations and between the
inventory versions. Students performed approximately 13%
better on item V when they had version VP compared with
their PV counterparts. Between the high and moderate effort
populations, the students from the high effort population
performed an average of 3.2% better collectively on all three
items than the moderate effort population.

We hypothesized that the item order effect may be more
present at the end of the semester, once students had learned
the targeted content. However, in the post-instruction
inventory, there was also no significance found in either
population for any of the three items [moderate effort P1:
v2(1, N = 187, p = 0.315, u = 0.074); moderate effort P2: v2(1,
N = 187, p = 0.836, u = 0.015); moderate effort V: v2(1, N =
187, p = 0.110, u = 0.117); high effort P1: v2(1, N = 169, p =
0.336, u = 0.074); high effort P2: v2(1, N = 169, p = 0.788, u
= 0.021); high effort V: v2(1, N = 169, p = 0.182, u = 0.103)].
Both populations performed similarly on the concept
inventory with a 6.7% difference between the two versions;
the VP version was favored as opposed to the PV version,
unlike the pre-instruction results. Both effort populations,
students also performed almost identically on item P1 and P2.
Similar to the pre-instruction inventory, item V had a
relatively large difference between the two versions in both
the high and moderate effort populations with an 11.3%
difference in the moderate effort population and a 9.9%
difference in the high effort population, both in favor of
version VP. That is, students performed approximately 9%–
13% better on item V when they had to complete V after
seeing item P, although this is not statistically significant.

It is important to note that while trends are seen at the
item variation level, t-tests performed on the total scores

yielded clearly insignificant p values (p = 0.037 for all groups,
see Supplementary Material C, Table VI). If this study were
determining the presence of item-order effect based on total
score alone, it would appear as if an item order effect does
not exist. The complete absence of any statistical significance
at the item variation level would also suggest that an item
order effect does not exist. However, given that the statistical
power (1-b) was medium (lower than ideal) where we saw
possible trends emerging in all 4 tests on item V and in item
P1 in the post-inventory, this could indicate that our sample
sizes were simply not large enough to reflect any signifi-
cance. Therefore these trends suggest that an item order
effect may be present, though not visibly, based on our item
variation statistical analysis. This shows that it is possible to
see an item order effect in one level of analysis, but it could
be hidden in the other.

Interview Results
Table II shows the results of the think-aloud interviews

conducted to explore seven students’ thoughts on item
format and item order effect. Almost all of the students (n =
5/7) recognized the relationship between the pictorial and
verbal items. One student felt that s/he did not connect the
two items because of the different learning styles associated
with the items (verbal versus visual). The other student who
did not feel a strong connection between the items as the
interview progressed identified that there was a relationship,
but because the student knew the material so well they felt
that previous items may have only affected successive items
on a subconscious level.

A majority of the students (n = 5/7) indicated that they
preferred seeing the verbal item first because they found it
easier or found it helpful as a primer for the item’s
counterpart:

‘‘[V] kind of like embeds the concept in your mind more. Also
with the pictures you’re kind of just like trying to relate them,
you’re not actually thinking like...volcanoes they’re along
plate boundaries.’’

‘‘I [could think] through all the answers more clearly because
then I wouldn’t have any picture in my head already to kind
of like base my answers, so I would just be going off myself.’’

TABLE I: Results for concept inventory. Percentages reflect number of students who correctly answered each item.

Pre-Instruction, Moderate Effort Pre-Instruction, High Effort

Item Version Significance Item Version Significance

PV (n=121) VP (n=124) p value U 1-b PV (n=101) VP (n=107) p value U 1-b

P1 35.5% 33.9% 0.784 -0.018 0.139 P1 40.6% 37.4% 0.635 -0.033 0.113

P2 28.9% 29.8% 0.875 0.010 0.139 P2 31.7% 29.9% 0.781 -0.019 0.113

V 43.8% 56.5% 0.048 0.126 0.139 V 47.5% 60.7% 0.056 0.133 0.113

Post-Instruction, Moderate Effort Post- Instruction, High Effort

Item Version Significance Item Version Significance

PV (n=94) VP (n=93) p value U 1-b PV (n=84) VP (n=85) p value U 1-b

P1 26.6% 33.3% 0.315 0.074 0.099 P1 26.2% 32.9% 0.336 0.074 0. 088

P2 31.9% 33.3% 0.836 0.015 0.099 P2 33.3% 35.3% 0.788 0.021 0. 088

V 56.4% 67.7% 0.110 0.117 0.099 V 58.3% 68.2% 0.182 0.103 0.088
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The two students (n = 2/7) who said they preferred to
see item P first had this to say about the item:

‘‘I kind of like [P1 and P2] first because you’re thinking
about volcanoes and earthquakes separately and then [V]
brings them both together and it’s like oh I remember back on
those diagrams they do both line up along the plate
boundaries and they’re similar so I do like this way better
having [P1 and P2] first; it makes you think a little bit more
rather than okay I answered [V] this way so these two should
be this because of that.’’

Contrary to the students who liked being able to form
their own visualization first, one of the students who
preferred seeing the pictorial items first liked having a visual
to go off of because with the verbal item ‘‘you have to
visualize it in your head. . .I think that [P2] is personally easier
than [V] because you can look and see where there’s not a volcano
in the Sahara so I know these three [answer choices] are out.’’

Despite the students’ preferences, the only two students
who answered all three items correctly were the two
students who preferred having the pictorial item first, who
happened to both have version PV. All three of the students
who had version VP who also preferred seeing V first, got
one or both of the pictorial items incorrect after answering

item V. Of the students who had version PV but said they
would have preferred to have the verbal item first, one got all
three items incorrect and one got P2 incorrect after
answering item P1 first.

DISCUSSION AND CONCLUSION
Geoscience Concept Inventory

In this study, item order effect was examined using a
geoscience concept inventory comprised of validated items
from the GCI (Libarkin and Anderson, 2005), followed by
think-aloud interviews with students from introductory
geoscience courses. The analysis of the quantitative data
yielded no statistically significant differences among any of
the populations. The data do expose some trends, which
may be proven significant if this study were to be replicated
with a larger sample size to achieve higher statistical power.
This supports the findings of several previous studies, which
determined that item order effect, though sometimes
appearing to be present, cannot be identified with any level
of predictability or certainty (Bradburn and Mason, 1964;
Monk and Stallings, 1970; Dean, 1973; Crano, 1977; Plake,
1980; Hodson, 1984; Leary and Dorans, 1985; Balch, 1989;
Gohmann and Spector, 1989; Carlson and Ostrosky, 1992;
Coniam, 1993; Neely, et al., 1994; Gray, et al., 2002;

TABLE II: Results from the think-aloud interviews based on which inventory version the students took with supporting quotes
from the interviewees.

Interview Question Choice Provided
by Interviewee

Interviewee Example of Quote Providing Justification
for Choicen = 7

PV VP

Did you prefer seeing the [verbal/pictorial]
question first? Did it matter to you?

Pictorial 2 0 ‘‘I kind of like [P1 and P2] first because
you’re thinking about volcanoes and
earthquakes separately and then [V] brings
them both together and it’s like oh I
remember back on those diagrams they do
both line up along the plate boundaries and
they’re similar so I do like this way better
having [P1 and P2] first; it makes you think
a little bit more rather than okay I answered
[V] this way so these two should be this
because of that.’’

Verbal 2 3 ‘‘I like seeing the verbal one first just
because it kind of like embeds the concept
in your mind more. . .then you can apply it
[to P] rather than [try] applying it [to P first]
and not really thinking about the concept as
much.’’

As you moved to each successive question,
were you thinking about previous questions
to help you, or were they just separated in
your mind?

Yes 3 2 ‘‘I think this puts a more permanent idea in
my head of what my answer would’ve
been. . . so I don’t think I would think too
deeply into these [following] questions like
kind of just going through blindly. . . [the
first question] definitely affects my
answers.’’

No 0 1 ‘‘. . .when I was reading through [V] I was
focusing on which answered fit best and
then we have diagrams it’s like visual mode
of thinking. . .’’

Subconscious 1 0 ‘‘I did make that correlation but I wouldn’t
say I explicitly used that for [V].’’
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Pettijohn and Sacco, 2007; Tal, et al., 2008; Weinstein and
Roediger III, 2012).

In the semistructured interviews, students were probed
on their opinion of which item format they thought was
more helpful to appear first as a primer for successive items.
Although a majority of the students stated that they believed
the verbal item to be more useful as a primer, which
corroborates the statistically insignificant trends in the data
analyses, the overall results of the interviews, namely how
students performed on the items in comparison to their
preference reasoning, do not provide enough evidence to
make a ruling on the presence of an item order effect.

Comparison to Chemistry Concept Inventory
Previously, Undersander et al. (2016) conducted a nearly

identical experiment using a 20-item acid/base/solubility
concept inventory in general chemistry and organic chem-
istry classes at the same institution as this study. Similar
results as those presented here were found: the quantitative
inventory results (n = 365) yielded no statistically significant
data, although the power of the test was also a limitation.
Interestingly, both studies produced similar trends: students
who received version VP had a much higher performance on
item V than did students who received version PV. The
interview results (n = 19) were more varied; of the students
who had a preference, three preferred the pictorial item first,
four preferred the verbal item first, 10 did not have a
preference, and two were unidentified.

One goal of this study was to test pictorial and verbal
item order effect between different disciplines. While the
disciplines of chemistry and geoscience appear to yield
similar results, suggesting that there is an interdisciplinary
lack of predictability of the item order effect, two studies are
not enough to close the argument. Further studies should be
conducted in other STEM (science, technology, engineering,
and mathematics) disciplines as well as other non-STEM
disciplines, which heavily use both pictorial and verbal item
formats for learning and assessment.

Because these identical studies were conducted in two
different science disciplines the similarly insignificant results
suggest that the presence of item order effect can be rejected
more definitively, at least in the realm of pictorial and verbal
items. It will be difficult to develop a decisive conclusion on
whether or not the item order effect actually exists and
should be taken into account until studies start being
replicated across various disciplines using the same ordering
factor and likewise within the same discipline using different
ordering factors. Despite the statistical insignificance, since
both studies saw the same trends regarding item V, it is
important to continue investigating this trend with larger
sample sizes.

Implications
Since Mollenkopf’s original study on item order effect in

1950, the literature has not been able to agree on the
definitive predictability of the item order effect. The current
study in congruence with Undersander et al. (2016)
demonstrates that teachers should be able to generate
multiple versions of tests and other assessments for purposes
such as preventing cheating without the fear of negatively
impacting any group of students, though educators are
cautioned to monitor any trends that may be present in their
students’ scores.

Although teachers are not expected to observe any
performance discrepancy among their students, researchers
are cautioned to closely monitor any potential ordering
effects when developing assessment tools. The observed
trends in the data, while statistically insignificant and
therefore unpredictable, indicate that an ordering effect
could be present which would affect the validity, reliability,
and item difficulty during psychometric analyses. Therefore,
multiple orderings of assessment items should be imple-
mented across a wide range of demographics when
developing assessment tools for research purposes.

It may be possible that certain concepts are more
susceptible to demonstrating an item order effect than
others, as the low performance of students on both versions
of the concept inventory on items P1 and P2 indicates. The
concept tested in this study was centered on plate tectonics,
more specifically the relationship between earthquakes,
volcanoes, and their location on tectonic plates. Although
students struggle with many geoscience concepts, plate
tectonics seems to be one of the most prevalent where
students have many alternate conceptions (Clark et al.,
2011). Libarkin et al. (2005) found that there is a large
disconnect between students’ understanding of the location
of earthquakes and volcanoes. They also found that students
were using correct terminology to describe incorrect
concepts, so the use of correct terminology doesn’t
necessarily imply student understanding. Even after receiv-
ing instruction, students tend to hold onto their alternate
conceptions, and often visuals can reinforce these alternate
conceptions if not used properly for instruction and
assessment (Clark et al., 2011). Finally, items P1 and P2
may have had the lower performance level on both versions
of the inventory due to students’ difficulties in interpreting
maps (Ishikawa and Kastens, 2005; Titus and Horsman,
2009). Instructors are encouraged to address students’
alternate conceptions during instruction through the proper
use of visuals in order to eliminate any confusion that may
result when a student sees a visual on an assessment.

In terms of the statistical analysis, this study only took
the statistical variation of each individual item (P1, P2, and
V) into account and used the total score variation as a means
to prove that the student populations were comparable via
independent t-test. This in an important factor to distinguish
in item order effect studies because an item order effect may
be hidden in one type of statistic variation, but present in the
other. In the current study, trends were seen which suggest
an item order effect may exist at the item score level, but if
the total score variation had been taken into account, or had
been solely used instead of the item statistic variation, this
would have strengthened the case against the presence of an
item order effect. One type of future study that would add to
the item order effect literature is one that would compare the
statistical analysis of both the individual item score variation
and total score variation, provided an acceptable statistical
power is achieved.

LIMITATIONS
This study was conducted to address limitations

identified in the study conducted by Undersander et al.
(2016), yet this study still has limitations of its own.

As was seen in the chemistry study, the sample size for
this study was smaller than ideal resulting in a small
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statistical power which rendered the statistical analysis void
in the sense of predictive ability. Despite this fact, trends are
seen that suggest that an item order effect may still be
present. We thus recommend that the study be reproduced
using much larger sample sizes.

Because the focus of this study was to test students’
performance on conceptually isomorphic items presented in
visual and textual forms, the emphasis was on the content of
the item rather than the actual type of visual used. For this
reason, students were not probed during the interviews
about their comfort level with the particular type of visual
used, namely maps. There is a wide range of types of visuals
utilized in geoscience instruction, and students could
perform differently on these different types of visuals
depending on the amount of instruction they receive for
each. This could also affect students’ preferences for either
seeing the pictorial or verbal item first; if they don’t feel
comfortable with maps, they may say they prefer to see the
verbal item first, but if they love working with cross-sections,
they may say they prefer seeing the pictorial item first.
Further studies should be conducted testing for orderings
with various types of visuals (maps, 3D diagrams, cross-
sections, timescales, real pictures, etc.).

One possible limitation was brought to light during an
interview when the student commented on the fact that in
the two maps which were used for P1 and P2, the colors of
the land and ocean are reversed from each other (Phillips et
al., 2010). This was originally not considered as a weight
added to cognitive load since each item had been
individually validated (Libarkin and Anderson, 2005).
However, by putting these two items together, the validity
and reliability of the items may be altered and should be
tested if this instrument were to become standardized.

Students’ comfort and skill level with certain visuals may
also play into the amount of cognitive load and fatigue they
experience, also affecting the performance scores on the
individual items (Yen, 1993). For example, if students are
uncomfortable working with a certain visual like maps, they
may feel discouraged, which would impact their perfor-
mance on following items. Similarly, the fact that items P
and V were separated by several other items could also
contribute to cognitive load and fatigue. The general location
of items was not assessed for the role that location can play
in priming and cognitive load. If this concept inventory were
to be validated as a whole, it would be important not only to
test the use of various types of visuals and their orderings
with textual items, but to also test various versions of the
concept inventory in which the spacing of related items is
tested as well as the ordering of items related to difficulty
(easy to hard/hard to easy) to see what effect these factors
have on priming and cognitive load.

Some studies suggest that other ordering factors such as
answer choice order could have a significant impact on
student performance in terms of creating more cognitive
load for students as they progress through an assessment.
Schroeder et al. (2012) performed a study in which they
investigated factors that affected student performance on the
American Chemical Society. Exams. While they, along with
Tellinghuisen and Sulikowski (2008), agree that answer
choice order seems to have a significant impact on student
performance, Schroeder et al. also noted that with the ACS
exams it is impossible to study either answer choice order
effect or item order effect independently. Therefore, there is

a crucial need to further study which factors affect student
performance the most when assessment tools are being
developed. Because the item order factor could be isolated
with the current instrument, answer choice order was not
tested or considered in this study; however, it would be
beneficial to recreate the study to test for answer choice
order effects and hold the item order constant.
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