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ABSTRACT

The Remote Associates Test (RAT; Mednick, 1962; Mednick & Mednick, 1967) is a commonly employed
test of creative convergent thinking. The RAT is scored with a dichotomous scoring, scoring correct answers
as 1 and all other answers as 0. Based on recent research into the information processing underlying RAT
performance, we argued that the dichotomous scoring may lead to a loss of potentially relevant information.
Thus, we proposed an alternate scoring based on semantic similarity between the answer given by the partic-
ipant and the correct solution using Latent Semantic Analysis (LSA; Landauer & Dumais, 1997). We evalu-
ate the psychometric properties of the alternate LSA scoring and found evidence of construct validity for the
LSA scoring which was comparable to findings for the standard scoring, but not better as we would have
expected. Thus, our expectations that LSA-based scoring of the RAT counteracts potential information loss
were not met. However, LSA based scorings appear to be a promising alternative for hardly solvable RAT
items. We conducted additional analyses comparing different RAT item types with regard to their validity as
well as evaluating the information uniquely contained in the LSA scoring. Implications of all finding for
existing research using RAT items are discussed.

Keywords: Remote Associates Test, Latent Semantic Analysis, compound RAT, convergent thinking, creative
thinking.

The Remote Associates Test (RAT; Mednick, 1962; Mednick & Mednick, 1967) is one of the most com-
monly used tests to measure creative thinking (Kaufman, Plucker & Baer, 2008). For example, the RAT has
been translated into several other languages, such as French (Chun & Hupé, 2016), Turkish (Ozen, Dogan
& Cinan, 2015), and Italian (Salvi, Costantini, Bricolo, Perugini & Beeman, 2016). Each item consists of
three seemingly unrelated cue words; the solution to each item is the word that connects all three cue
words. Consider for example the item (Mednick, 1962): rat—blue—cottage; the solution to this item would
be cheese as it is associated with each one of the cue words and thus provides a connecting link between
them. Based on research investigating the information processes underlying RAT performance (Smith,
Huber & Vul, 2013; Smith & Vul, 2015), we evaluated an alternative scoring for the RAT which quantifies
how semantically similar an answer was as compared to the designated correct solution and thereby offers
potentially valuable information about inter-individual differences in RAT performance.

THE REMOTE ASSOCIATES TEST

On the basis of prominent case studies (e.g., Albert Einstein), Mednick (1962) defined creative thinking
as “the forming of associative elements into new combinations which either meet specified requirements or
are in some way useful” (p. 221). Based on this idea, he developed a test for inter-individual differences in
creative thinking: the RAT (Mednick & Mednick, 1967). Mednick originally developed two college-level ver-
sions of the RAT with a forty-minute time limit. As mentioned above, the test requires subjects to find an
associative connection between three seemingly unrelated stimuli (i.e., words).

Over the years, the RAT has been used to examine a variety of research questions from several different
fields of research. Originally, Mednick developed the RAT as an operationalization of his associative theory
of creative thinking and employed the test as such, for example, examining the effects of specific associative
priming on RAT performance (Mednick, Mednick & Mednick, 1964). Later on, social psychologists used the
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RAT to investigate social decision processes (Laughlin, Kerr, Munch & Haggarty, 1976). RAT performance
—as measured using Mednick and Mednick’s (1967) original items or items which resemble the original
items in structure and instruction—has been linked to insight problem-solving (r = .37 in Schooler & Mel-
cher, 1995; r = .42 in Ansburg, 2000). After developing and providing normative data for 144 compound
RAT items (CRAT; Bowden & Jung-Beeman, 2003), those CRAT items were used to investigate the neural
processes and activation during the experience of insight in problem-solving (Bowden, Jung-Beeman, Fleck
& Kounios, 2005). However, CRAT items differ slightly from Mednick’s (1962) original associational RAT
(ARAT) items: the solution word is associated with all three item words in the same manner—formation of
a compound word.

Researchers studying intuition have also used a slightly altered version of the RAT (Balas, Sweklej, Poch-
watko & Godlewska, 2012; Bolte & Goschke, 2005). Their research is concerned with coherence judgments
based on intuition and factors influencing those judgments. They had participants answer RAT items, half
of them actual ARAT items (coherent trials) and the other half word triplets that look just like ARAT items
but there is no correct solution which is associated with all three cue words (incoherent trials). Participants
had to attempt to solve items under time limitations and judge whether each item was coherent or not. As
they were interested in intuition, the researchers excluded solved items from their analyses. Diverging from
how the RAT is typically scored, they deemed ARAT items solved when they were answered with the correct
answer, a synonym for the correct answer, or an unanticipated answer which independent raters considered
semantically closely related to the three clue words. This approach suggests that there are differences in
answers not identical to the designated solution, in particular it suggests that semantically similar answers to
the solution are “more correct” than other answers.

Most recently, the information processing underlying RAT performance has been studied. Different com-
putational models of the RAT have been developed whose performances predict human performance on the
RAT (Gupta, Jang, Mednick & Huber, 2012; Kaji¢, Gosmann, Stewart, Wennekers & Eliasmith, 2017;
Olteteanu & Falomir, 2015). These computational models help to identify factors which determine item dif-
ficulty for human participants. Research has singled out word frequency (as a proxy for associative strength)
as an important factor (Gupta et al., 2012; Olteteanu & Falomir, 2015), and the ratio between the desired
and the total number of associations (Olteteanu & Schultheis, 2017). Another approach to investigating the
information processes underlying RAT performance was taken by having human participants document each
word they considered as an answer to the RAT items (Davelaar, 2015; Smith & Vul, 2015; Smith et al.,
2013). Smith and Vul (2015) related considered answers, cue words, and solutions to each other using
Latent Semantic Analysis (LSA; Landauer & Dumais, 1997) which provides measures of semantic similarity
between words. They found that while searching for the solution to a RAT item, participants consider and
discard different answers which—as long as they are on the right path toward the correct solution—become
increasingly more semantically similar to the designated solution. In contrast with other accounts, the
authors interpret exhibited search patterns as evidence of a sequential search strategy: Which word will be
considered next as the solution to a RAT item depends on the previously considered word, with the consid-
ered answers being semantically related to each other and ideally to the designated solution. Furthermore,
Akbari Chermahini, Hickendorff and Hommel (2012) found that RAT scores were significantly related to
insight problems (r = .39) and Raven’s Advanced Progressive Matrices (r = .47) but not to divergent think-
ing. Understanding the RAT as a measure of convergent thinking, they concluded from the former that
there was evidence for the RAT’s convergent validity and from the latter that there was evidence for the
RAT’s discriminative validity. Lee, Huggins and Therriault (2014) found RAT scores to be related to insight
problems (r =.14-.18), working memory (r = .17-25), processing speed (r = .17), fluid intelligence
(r = .34), a vocabulary task (r = .42), and grade point average (r = .16), concluding that their results pro-
vide sufficient evidence for the RAT’s convergent validity. In addition, they found RAT performance to be
unrelated to either measures of divergent thinking or the personality trait openness to experience.

THE PRESENT RESEARCH
In most studies, the RAT is scored with a dichotomous scoring: a 1 for correct and a 0 for incorrect
answers. Summing across all items yields the total RAT score for a person. Another way in which the RAT
has been scored stems from research investigating intuition (Balas et al., 2012; Bolte & Goschke, 2005): RAT
items were also considered solved when answered with a synonym for the correct solution or a solution
which was rated semantically related to the three cue words. Even though the intent behind this scoring
method was to be as conservative as possible when it came to the decision of what was considered an
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unsolved item (Bolte & Goschke, 2005), it does suggest that there are answers to RAT items which do not
correspond exactly to the designated solution but cannot really be considered entirely wrong either. Another
implication is that ratings of semantic association between participants’ answers and the three cue words
have been deemed appropriate means to identify such answers.

Previous research into the information processing underlying RAT performance has indicated that when
searching for a solution for a RAT item, people employ a local search strategy with sequential dependence
(Smith et al., 2013). They run through a sequence of guesses at the correct answer, considering each guess
and either discard it and continue considering new guesses, or use the considered guess as their response.
Sequential dependence means that in this process, they base their newest guess at the solution on their pre-
vious guess. This sequential dependence was found for solved and unsolved items which suggests a random
walk in semantic space. Importantly, Smith et al. (2013) excluded unsolved items from analyses in which
participants had marked a wrong answer which they believed to be the solution. This case, however, is cru-
cial for the current work. We hypothesize individual differences in semantic similarity between the solution
and final responses (no matter if correct or incorrect). These individual differences could emerge (besides
other possible mechanisms) when choosing starting points for random walks (e.g., choosing starting points
with a greater likelihood to come close to the solution).

Furthermore, the RAT is often administered under time limits, such as one minute. After lapse of that
minute, the RAT does not offer any information about whether a person was generally unable to generate
the correct answer or unable to generate the correct answer in time. In our opinion, that constitutes a loss
of potentially relevant information for differentiating between participants. We argue that by only scoring
the RAT for correct and incorrect answers, an artificial dichotomization is created. We propose an alternate
scoring which would account for such information which is potentially lost on the standard scoring. By
measuring the semantic similarity of a person’s response to the correct answer, we would still differentiate
between those who answered correctly and those who answered incorrectly (i.e., moving into an incorrect
direction). However, we would have a measure that also credits having taken the right approach to the cor-
rect answer (but failing to reach it in time), offering additional information in comparison to the standard
RAT scoring.

In order to measure the semantic similarity of a response to the correct answer, we employed Latent
Semantic Analysis (LSA; Landauer & Dumais, 1997). LSA has been previously used in relation to the RAT
in order to examine semantic similarity between item words, solution words, and/or considered potential
solutions in the context of examining the information processing underlying RAT performance (e.g., Dave-
laar, 2015; Gupta et al., 2012; Olteteanu & Falomir, 2015; Smith et al., 2013). In short, LSA provides a
high-dimensional semantic space which expresses relations between words or concepts and contexts (i.e.,
documents) in which they appear more or less commonly (Landauer & Dumais, 1997). For a more elaborate
yet simple introduction to LSA as a method applied in creativity research, please consult Forthmann, Oye-
bade, Ojo, Giinther and Holling (2018). The semantic similarity between two words in the semantic space
can be expressed as the cosine between the vectors for those two words in the semantic space (Landauer &
Dumais, 1997). Essentially, two words are then semantically more similar, if they commonly appear in the
same contexts. Depending on the methods used within LSA to obtain the semantic space, the cosine similar-
ity between any two words either ranges from —1 to 1 or from 0 to 1 (Glinther & Marelli, 2016), 1 indicat-
ing in both cases that the two words are the same. The greater the cosine value between two words, the
more semantically related they are. With our proposed LSA scoring, the cosine similarity between the partic-
ipant’s response and the correct solution constitutes that person’s score for that item.

The aim of the present study was to use LSA as an alternative scoring for the RAT. To that purpose and
following previous psychometric research (Akbari Chermahini et al.,, 2012; Lee et al., 2014), we compared
the LSA scoring’s psychometric properties to the standard scoring’s psychometric properties. Validity was
assessed in the same manner as in previous research, relating both LSA and standard RAT scores to conver-
gent thinking tasks (e.g., performance on insight problems, measures of intelligence) as well as contrasting
them with measures of divergent thinking. Previous studies (Akbari Chermahini et al., 2012; Lee et al,,
2014) only used performance on insight problems as an indicator for problem-solving ability. In order to be
able to corroborate any findings regarding this construct within the same study, we chose to additionally
use an alternative measure (i.e., a self-report) to assess problem-solving ability. Using the self-report measure
we chose (Productive-Reproductive Thinking Inventory; Cunningham & MacGregor, 2016) in a validation
study for the RAT was also interesting because it had not previously been done. We additionally related
both types of RAT scores to measures of (current) achievement motivation, expecting—as has been shown
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for other cognitive tasks (Freund, Kuhn & Holling, 2011)—both RAT scores to be positively related to the
interest facet of current achievement motivation.

METHOD
PARTICIPANTS

Our sample consisted of 202 participants of whom we excluded 87 incomplete test-sessions as well as
two participants who did not give us consent to analyze their data and two participants whose native lan-
guage was not German. One participant appeared to have partaken in our study twice. We excluded the
respective participant’s second trial. The remaining 111 participants (89 females, 21 males, one not specified)
were included in our analyses. Participants’ age ranged from 18 to 55 years (M = 22.92; SD = 5.84). Our
sample included mostly university students (94.6%) of which 95.2% studied Psychology. This high level of
education in our sample was also reflected by 79.3% of participants indicating a German high school
diploma and 16.2% a university degree as their highest educational achievement. Participants were recruited
via social networking sites and from courses requiring research participation. Students of allegeable courses

were compensated with course credit for their participation.

MEASURES
Remote Associates Test

We presented participants with 20 RAT items. Participants were given 60 seconds to solve each item.
Afterwards, participants were either able to check the answer they had entered or—whenever no answer was
entered—asked to enter the last word they had considered as the solution. There was no time limit for check-
ing or completing the answer. Because participants were able to review their answer, they were potentially
able to change their answer completely (even though we instructed them to only check or complete it). We
accounted for this by treating altered responses separately from corrected or completed responses (see below).
We selected 10 items from a German CRAT item bank (Landmann et al.,, 2014). Our scoring should show
most promise when most participants fail to answer items correctly and generate a variety of different
responses. We speculated that such variance on participants’ responses might be somewhat restricted when
using only CRAT items. Mednick and Mednick’s (1967) instructions for ARAT items merely require the solu-
tion to be related to each target word by any kind of association. We assumed that this less restrictive instruc-
tion would allow for more variance in the participants’ answers. Therefore, we also translated and adapted
Mednick and Mednick’s (1967) ARAT items into German and again chose ten of those items.

In order to select both CRAT and ARAT items, we pretested 21 ARAT (translations and adaptions of
original RAT items from Mednick & Mednick, 1967) and 82 CRAT items (items from the German com-
pound RAT item bank with probabilities of valid solution ranging from 20% to 80%) to five research
interns. We applied our proposed scoring to those answers and selected the 10 ARAT and 10 CRAT items
with the most variance on our scoring. We only chose items with solution probabilities (as indicated in
Landmann et al., 2014) below 60% as we assumed that our scoring should work better for more difficult
items.

Standard scoring
As recommended by Mednick and Mednick (1967), all correct answers were scored as 1 and all other
answers were scored as 0. All missing answers were treated as incorrect and also scored as 0. For each per-
son, we computed an overall score by summing across all items.

LSA scoring

We used the cosine similarities between each answer and the correct solution in a semantic space as a
person’s score to the respective RAT item. We used the semantic space dewakl00k_Isa from the Repository
for Semantic Spaces of the Eberhard Karls University Tiibingen (http://www.lingexp.uni-tuebingen.de/z2/LSA
spaces/). The employed semantic space was created from a term-document matrix with the 100,000 most
frequent words from a 800,000 word sdeWaC corpus (http://wacky.sslmit.unibo.it/doku.php?id=corpora).
Instead of the common log-entropy weighting scheme, a positive pointwise mutual information weighting
scheme was applied to the term-document matrix (Giinther, Dudschig & Kaup, 2015). According to
Gunther et al. (2015), the influence of his choice of weighting scheme on the resulting semantic space is
negligible. To reduce the semantic space from 1.5 million to 300 dimensions, singular value decomposition
was used. To compute the cosine similarities, we used the R (R Core Team, 2017) package LSAfun (Giinther
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et al,, 2015). For each person, we computed an overall score by averaging across the cosine similarities for
all items.

Insight problems
We presented participants with three insight problem tasks: the coin problem (Metcalfe, 1986), the egg
problem (Sternberg & Davidson, 1982), and the waterlily problem (Schooler, Ohlsson & Brooks, 1993). Each
problem was presented on its own and the order in which the problems were presented was randomized.
Participants were given three minutes to solve each problem. Solutions were scored with 1 and incorrect (or
incomplete) solutions were scored with 0. The total score for each participant was derived by summing
across the three problems.

Productive-Reproductive Thinking Inventory

The Productive-Reproductive Thinking Inventory (P-R I; Cunningham & MacGregor, 2016) assesses cog-
nitive styles when solving insight-problems. The questionnaire consists of 21 items. We translated the items
into German. A 6-point scale was used (from 1 = very much atypical for me to 6 = very much typical for
me). Separate scores for reproductive, experiential, and normative productive thinking were calculated. In
the original paper, insight-problem-solving correlated with reproductive thinking positively (r = .27), with
normative productive thinking negatively (r = —.24), and with experiential productive thinking negatively
but not significantly so, r = —.14.

Intelligence tasks
Mini-q
We assessed participants’ intelligence with the mini-q (Baudson & Preckel, 2015). It allows for an esti-
mate of a person’s cognitive abilities in three minutes. Indications for construct validity of the mini-q have
been provided: the mini-q correlates among others with the grade point average (r = —.28), with other mea-
sures of intelligence (e.g. CFT 20-R: r = .51), and with processing speed (r = .73), but only weakly with task
motivation, r = .17.

Spot-the-word test

Participants’ verbal intelligence was assessed with a German adaptation of Baddeley, Emslie and Nimmo-
Smith’s (1993) Spot-the-Word test (SWT). The test consists of 60 word pairs with one word and one
pseudo word each. We created 60 German items by selecting fairly to highly uncommon words from the
dictionary (http://www.duden.de/definition) and generating corresponding pseudo-words using Wuggy
(Keuleers & Brysbaert, 2010). Pseudo-words consisted of the same number of letters as the corresponding
item words. All 60 items were presented in randomized order and each item on a separate page. Participants
had three-seconds per item. High correlations with the National Adult Reading Test (r = .831-.859) attest
to the original test’s validity.

Divergent thinking task

Alternate Uses Tasks (AUT; Wallach & Kogan, 1965) were used. The objects in this study were sphere
and box (German: Kugel and Kiste). Participants were asked to generate alternative uses which were to be as
creative as possible in order to assess divergent thinking more validly (Nusbaum, Silvia & Beaty, 2014). Par-
ticipants’ full response sets (Silvia, Martin & Nusbaum, 2009) of ideas to both AUT tasks were rated on a 5-
point scale ranging from 1 = low-quality to 5 = high-quality. Raters were instructed to base their creative
quality rating on four dimensions: uncommonness, remoteness, cleverness, and appropriateness. For a
description of the first three dimensions, see Silvia et al. (2008). Appropriateness was added in order to be
more consistent with common definitions of creativity (e.g., Mednick, 1962). Three raters received rater
trainings according to Forthmann et al. (2017). The absolute agreement intra-class correlation for the aver-
age quality scores was ICC(2,3) = .90, 95%-CI = [.855, .929]. The number of ideas reflected a person’s flu-
ency. Both quality and fluency scores were averaged across both tasks.

Current achievement motivation

We assessed participants’ current achievement motivation after receiving the instructions and prior to
completing the RAT with the short form of the Questionnaire on Current Motivation (QCM; Freund et al.,
2011; Rheinberg, Vollmeyer & Burns, 2001). The short form comprises 12 items along four dimensions
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(anxiety, challenge, interest, and probability of success). All items were presented in randomized order on
one page. Participants indicated their agreement to each item on a 7-point Likert scale ranging from
1 = not at all to 7 = very much. Evidence for the QCM’s validity is provided in Rheinberg et al. (2001).

PROCEDURE

The study was conducted using the online survey platform Unipark (www.unipark.com). Initially, partic-
ipants were informed about the voluntariness, anonymity, and the approximate duration of the survey. Par-
ticipants were asked for their permission to use their data. If they did not give their permission, participants
were redirected to the debriefing. All others continued with the survey and gave demographic information.
Afterwards, the RAT was instructed and two example items were given. Before starting the RAT, the QCM
was administered. Participants were then presented with the 20 RAT items in randomized order. After the
RAT items, participants completed the other measures in a randomized order. Participants then received an
elaborate debriefing explaining in detail the study’s intent. Participants who asked for feedback were
informed about the total number of correctly solved RAT items.

DATA PREPARATION

All responses to the RAT items were spell-checked and if necessary corrected. All words were adjusted to
their singular or infinitive. Responses such as “?”, “no idea”, or single letters were recoded as missing. More-
over, anything additionally stated within parentheses was deleted. This resulted in four response vectors per
item: (a) containing complete answers given within the 60-seconds time limit (in-time responses), (b)
incomplete in-time responses that were completed afterwards (completed responses), (c) additionally allow-
ing answers which were altered after the elapse of the 60-seconds time limit (altered responses), and (d)
fully untreated responses (raw responses). Compound words which were not contained in the semantic
space (e.g., 1.11% of in-time responses) were split up into their components. The random cosine value in
the employed semantic space for any pair of words and any single word is higher (M = 0.14) than the ran-
dom cosine value for any two single words (M = 0.11). To correct for this bias (Forthmann et al., 2018),
we subtracted the difference between the two random cosine values from the cosine values of all separated
compound words. Any other answers not contained in the employed semantic space were recoded as miss-
ing values. All missing values originating from missing answers (e.g., 23.62% of in-time responses) and neg-
ative cosine values were recoded as 0 (Glinther & Marelli, 2016). As the standard scoring accounts for
missing answers by scoring them as 0, we wanted the LSA scoring to do the same. We additionally set nega-
tive cosine values to 0 so that no answer was scored less favorably than giving no answer at all. Missing val-
ues originating from corpus missings (e.g., 0.95% of in-time responses) remained missing values.

RESULTS
For both scorings, scores for all response types correlated highly with the in-time responses as well as
with each other (see Table 1). Thus, we concluded that they offered little different information compared to
the in-time responses and therefore we decided to concentrate on the latter for our analyses. Thus, in the
following, we are simply going to refer to standard and LSA scores, meaning the standard and LSA scores
for the in-time responses.

CLASSIC TEST THEORY ITEM STATISTICS

Item difficulties are displayed separately for CRAT (Table 2) and ARAT items (Table 3). For the CRAT
items, the most difficult item in our study was also the most difficult item of the selection according to
Landmann et al. (2014). In our study, the mean solution probability across all CRAT items was 0.33
(SD = 0.47). The ARAT items displayed descriptively lower solution probabilities overall, with a mean solu-
tion probability across all ARAT items of 0.15 (SD = 0.36). The most difficult ARAT item (Item 19) was in
fact solved by none of the participants.

For the LSA scoring, lower mean cosine values indicate higher item difficulty. The rank order of average
cosine values for only CRAT items aligns well with the rank order of solution probabilities reported by
Landmann et al. (2014) (Kendall’s t© = .60). For the ARAT items, rank orders for average cosine values and
solution probability were less similar (Kendall’s T = .20). The CRAT items descriptively displayed a higher
average cosine (M = 0.46, SD = 0.41) value than the ARAT items (M = 0.33, SD = 0.35), indicating that
they were overall slightly easier. However, the difference is less pronounced than the one we found for the
solution probabilities. For a graphic display of associations between the average scores, see Figure 1.
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TABLE 1. Correlations Between the Different Response Vectors for Both Scorings
Standard scoring LSA scoring
In-time Completed Altered Raw In-Time Completed Altered Raw
(1) (2) 3) 4 (5) (6) (7) (8)

1 .52
2 99 .55
3 98+** 1.00%** .57
4 97*%* 95%** 95%%* .50
5 .88+ 84 84 85%%* .50
6 94x+* 95%** 95%** 920%* R .56
7 94 95%%* 95%%* 920%* 89* 1.00*** .57
8 .88*** RZ RZ 85%* 98x* 88X 87X 51

Notes. In-Time = in-time responses. Completed = completed responses. Altered = altered responses.
Raw = raw responses (in case of the LSA raw scores, missing values were set to 0). Values across the diago-
nal represent Cronbach’s o for the respective scores. Item 19 had no variance on the standard scoring and
was therefore excluded from reliability estimates. ***p < .001.

Furthermore, we computed item discriminations for all items as part-whole corrected item-total correla-
tions (see Tables 2 and 3). It is generally desirable for corrected item-total correlations to be greater than
.20 (Crocker & Algina, 1986). We also reported 95%-confidence intervals for all part-whole corrected item-
total correlations (see Tables 2 and 3) which show that even though the respective correlation in some cases
does not surpass .20, the 95%-confidence interval at least includes .20.

For standard scoring part-whole correlations ranged from .01 to .40 with the majority of items below .20.
For LSA scoring the range was comparable (from —.05 to .40), although on average the values were slightly
lower. For standard scoring of CRAT items only, the values ranged from .10 to .40 (LSA-scoring: from .05 to
.38) and for standard scoring of ARAT items values ranged from —.12 to .27 (LSA-scoring: from .01 to .35).

Reliability estimates for the overall RAT standard and LSA score as well as for separate CRAT and ARAT
standard and LSA scores are displayed in Table 4. Reliability as indicated by Cronbach’s o was modest but
comparable for standard and LSA scores. When examining separate CRAT and ARAT scores, reliability esti-
mates were even lower (see Table 4) which can be ascribed to the smaller number of items.

VALIDITY ANALYSES

The correlations for the overall RAT scores and the validity measures are displayed in Table 4. Correla-
tional patterns for separate CRAT and ARAT scores are provided in the Appendix SI. The overall scores
correlated highly with each other. The standard scores correlated significantly and positively with the SWT,
indicating evidence for convergent validity. Unexpectedly, the cosine-based overall LSA score did not corre-
late significantly with the SWT. The overall scores positively correlated with insight problems (small effect)
and also with the mini-q, however, contrary with our expectations not significantly so. In regard to the PI-
R, all overall scores correlated only significantly with the experiential reproductive thinking dimension.
Against our expectations, these correlations were positive. Discriminant validity for the overall scores was
indicated by the weak and not significant correlations with AUT quality and fluency. Except for the overall
score for the standard scoring and the interest dimension, which were significantly and positively associated,
none of the overall scores were related to any of the QCM dimensions.

ADDITIONAL ANALYSES: UNSOLVED LSA SCORES

An argument can be made that the LSA scores contain two different types of information: (a) about the
ability to correctly solve an item, and (b) the ability to give an answer which is more (or less) semantically
similar to the correct solution. The first type of information is shared between LSA and standard scoring,
the second is unique to the LSA scoring. We decided post-hoc that when evaluating the LSA scoring, we
should also take a look at the information uniquely contained in the LSA scoring. Thus, we excluded all cor-
rect answers (i.e., values equal to 1) from the LSA scores and related both an average and item-based
unsolved LSA score(s) to the overall standard score as well as the validity measures, finding no significant
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FIGURE 1. Relation between average standard (x-axis) and LSA (y-axis) scores. Dots represent associational
Remote Associates Test (ARAT) items, triangles represent compound Remote Associates Test
(CRAT) items.

correlations except for with three out of the four motivation dimensions (see the Appendix S1 for the corre-
lations as well as a more detailed description of our analyses). For the three motivation dimensions, the cor-
relations were negative, indicating that the more motivated participants were, the lower their unsolved LSA
scores were.

DISCUSSION
The aim of this study was to evaluate an alternate scoring based on LSA for the Remote Associates Test
(RAT; Mednick, 1962; Mednick & Mednick, 1967). In addition, we investigated and compared the psycho-
metric properties of the LSA scoring to those of the standard scoring. Validity for both scorings was evalu-
ated by relating them to measures of convergent and divergent thinking.

PSYCHOMETRIC PROPERTIES OF THE STANDARD AND LSA SCORING

As intended, the items were rather difficult with no solution probability exceeding 60%. For CRAT
items, the order of difficulties for the LSA scoring was comparable to standard scoring. However, neither
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were well aligned with the order of difficulties found by Landmann et al. (2014). In line with Hung, Huang
and Chen (2016), but in contrast to Olzmann (2012), the ARAT items tended to be more difficult than the
CRAT items. Moreover, for the ARAT items, the orders of item difficulties for the standard and the LSA
scoring were not as comparable as for the CRAT items. The discrepancies foremost occurred for high diffi-
culty ARAT items, suggesting that for those items, the LSA scoring offered additional information to stan-
dard scoring (most obvious for item 19).

We found rather small item discriminations in general—more so for ARAT than for CRAT items and
for LSA than for standard scoring. Some items within each group correlated higher with the overall score
than with the scores of their own type, indicating that in each case, the item tended to be more representa-
tive of the respective other item type (for example, item 18). Another interesting observation was that item
19, which had to be excluded from standard scoring analyses due to zero variance, was one of the few ARAT
items which—when scored with the LSA scoring—displayed satisfactory discrimination. In future studies, a
larger item pool should be used, to identify a larger number of items of overall good psychometric proper-
ties. As we started off with only 10 items per item type, this was not a viable option for this study.

VALIDITY EVIDENCE FOR THE STANDARD AND LSA SCORING

The correlational patterns we found indicated that LSA scoring did in fact demonstrate comparable
validity to standard scoring. In accordance with previous research (r’s ranging from .13 to .07 in Akbari
Chermabhini et al,, 2012; #’s from —.05 to .13 in Lee et al., 2014), overall RAT scores in this study correlated
weakly with measures of divergent thinking (+’s from —.01 to .13) which is usually interpreted as evidence
for discriminant validity for the RAT. Results regarding convergent validity were less unambiguous and
tended to be less strong than patterns found previously. For instance, except for the overall standard RAT
scores and the vocabulary task (r = .24), we found none of the expected associations between overall RAT
scores and convergent thinking. Even though standard RAT scores have previously been found to correlate
moderately with fluid intelligence (r = .47 in Akbari Chermahini et al., 2012; r’s from .33 to .34 in Lee
et al., 2014) and with vocabulary tasks (1’s from .41 to .42 in Lee et al., 2014), we only found weak and
non-significant correlations. However, validity evidence was consistent across standard and LSA scoring and
thus does not indicate specifically poor convergent validity for the LSA scoring. Moreover, correlations of
overall RAT scores and performance on insight problems (r’s from .13 to .17) were of comparable size to
the ones found in Lee et al. (2014; 7’s from .14 to .18) who used a bigger sample, indicating that the effects
found in our study might have been significant in a larger sample as well. The weak to lacking relationships
of both scorings to the constructs included in our validity analyses should always be judged in the light of
what degree of association we should expect for these constructs. Even in previous studies examining the
validity of the RAT (Akbari Chermahini et al., 2012; Lee et al.,, 2014), reported associations were moderate
at best. The constructs themselves may arguably be only distally related to RAT performance. The unex-
pected lack of differences in validity for both scorings may indicate that the standard scoring already con-
tains most of the information that there is in performance differences. Thus, the most important advantage
of the LSA scoring is its ability to give information about performance differences about very difficult RAT
items which are unsolvable in most samples. We elaborate on this idea below.

In line with our expectations, the overall standard RAT scores were positively related to the interest facet
of current motivation, however, the overall RAT scores based on the LSA scoring were not. Contrary with
expectations based on previous research (Cunningham & MacGregor, 2016), we did not find a similar corre-
lational pattern for the overall RAT scores than for insight problems when relating both to measures of cog-
nitive styles employed when solving problems. In fact, the only cognitive style we found to be (positively)
related to the overall RAT scores was experiential reproductive thinking which is a cognitive style that previ-
ous research has found to be—at least as a trend—negatively related to performance on insight problems
(Cunningham & MacGregor, 2016).

Our post-hoc analyses using unsolved LSA scores (i.e., LSA scores from which all correct answers were
excluded) which were meant to separate information shared by both scorings (i.e., the ability to answer an
item correctly) from information unique to the LSA scoring (i.e., the ability to give an answer which is
more or less semantically similar to the correct solution) revealed no relevant associations to any of the con-
structs selected to evaluate validity, except for negative relations with motivation. This finding might be
explained by the problems associated with the approach of excluding solved trials for the LSA-scoring which
we discuss in more detail in the Appendix S1. In short, we confound sampling error of item scores with
item difficulty and reliability of average LSA-unsolved scores with ability. In addition, excluding information
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about participants’ ability which should be reflected in our scoring does not seem reasonable. A more
promising approach to investigate the same question may be to use extremely difficult RAT items in samples
where they are unsolvable. Thus, we would not have to eliminate relevant information from the scores but
could still evaluate the information unique to the LSA scoring. In fact, under such conditions, the standard
scoring would not offer any information at all, resulting in zero variance and making any psychometric
analyses impossible. As our LSA-scored items differed greatly in range (without 1), we advise researchers to
investigate this question to use RAT items with large cosine ranges.

An interesting exploratory finding of this study is that—as reported in the Appendix S1—correlational
patterns for separate CRAT and ARAT scores diverged from each other. This finding deserves further atten-
tion and an attempt at replication in future research as the diverging correlational pattern as well as low
inter-correlations between CRAT and ARAT scores point to different underlying abilities (see also Worthen
& Clark, 1971).

IMPLICATIONS FOR THE LSA SCORING

Judging from the results of our validity analyses, the LSA seems to assess the same processes as the stan-
dard scoring which is very promising. Moreover, an apparent advantage of the LSA over the standard scor-
ing was demonstrated in our study by item 19: Any items for which generating the correct answer is very
difficult run the danger of showing almost no or zero-variance on the standard scoring. Such items have to
be excluded from any psychometric analyses when using the standard scoring. LSA scoring, however, assigns
different values for different responses and items which no participant solved correctly pose no such prob-
lem. Generally, LSA scoring seems more promising when more difficult RAT items are used. Future research
could use the LSA scoring to examine the psychometric properties of RAT items which are unsolvable in
most samples and thus could not be examined using the standard scoring.

In relation to this, the potential loss of information for the standard scoring appeared to be less dramatic
than expected. For example, higher standard deviations for LSA scores were only observed for items with
solving probability below 10%. For easier items it was even the case that more variation for the standard
scoring was observed. Thus, LSA scoring seems to be most promising when large item pools are needed and
a choice of only moderately hard items is not possible. Olteteanu, Schultheis and Dyer (2018), for example,
presented an automatic RAT item-generator and some of their items had very low solving probabilities. If
such item-generators are used to generate items on the fly in online or computerized testing, LSA scores are
likely to be informative beyond standard scoring.

FURTHER IMPLICATIONS

Our findings are also relevant to the P-R I (Cunningham & MacGregor, 2016). So far, the questionnaire
has only been validated by relating the two dimensions (i.e., productive and reproductive thinking) to insight
problem performance, finding the reproductive dimension to be positively, and the productive dimensions to
be negatively related to insight-problem-solving. While those patterns were mostly replicated in our sample,
we found very different patterns for the RAT scores as we would have expected based on the assumption that
insight problems and RAT items assess similar cognitive processes (Bowden & Jung-Beeman, 2003). The only
dimension that we found to be related to RAT performance was experiential reproductive thinking which has
been inversely linked with performance on insight problems (Cunningham & MacGregor, 2016). However, in
our study, we found experiential reproductive thinking to be positively related to both RAT scores. The latter
association in particular raises doubts as to how comparable insight problems and RAT items are.

LIMITATIONS

Any implications derived from our findings should always be considered carefully in light of the limita-
tions of this study. For example, a larger and more diverse sample would allow for better generalizability of
the results. Any problems common to LSA represent limitations to this study. For example, not all answers
given by participants are contained in the semantic space; such corpus missing values are inevitable.
Depending on the LSA-provided semantic space from which measures of semantic associations (i.e., cosine
values) are calculated, such measures may take on negative values which are hard to interpret and therefore
often set to 0 (Glinther & Marelli, 2016). This may not be an ideal solution. A more practical limitation of
LSA scoring is the extensive data preparation our data underwent in order to obtain the LSA scores. How-
ever, the high correlations between the raw LSA scores and LSA scores based on the prepared data indicated
that such extensive data preparation might not be necessary.
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CONCLUSION
Apart from some discrepancies, we found similar correlational patterns for the alternate LSA scoring and
the standard RAT scoring when evaluating the validity of both scorings. Thus, we concluded that the alter-
nate LSA scoring showed comparable validity in relation to the standard RAT scoring. This suggests that the
standard dichotomous RAT scoring already contains a great amount of information about individual differ-
ences in performance. Finally, several methodological issues were identified to further explore LSA-based
scoring of RAT items.
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