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It is important to understand the relationship between cognitive abilities and
language processing. Here, we explore a burgeoning area of research that
harnesses semantic indices to predict cognitive impairment and track cognitive
decline. One such index, propositional density, quantifies the information
conveyed per language segment. Despite some variation stemming from
methodological, sampling, and measurement differences, we suggest that
propositional density has diagnostic and assessment value. This paper surveys
existing studies that have used propositional density in the context of cognitive
aging and impairment and offers some insights into the use of this index to
highlight differences in cognition. We also suggest further explorations of basic
research involving this concept, and some applications for assessing cognitive
health.
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1 Introduction

Exploring and understanding the interplay between language processing and cognitive
abilities is a longstanding pursuit. Here we discuss how research has yielding insights into how
cognitive processes shape, and are shaped by, language, with an emphasis on how the
theoretical concept of propositional density can advance some research areas. We place a
special emphasis on work on cognitive aging and cognitive impairment. Cognitive aging has
been characterized by a decline in some mental abilities that are closely tied to language
production (Craik and Salthouse, 2011; Mortensen et al., 2006) and comprehension (DeDe
and Flax, 2016). Moreover, cognitive impairment, ranging from mild cognitive deficits to more
severe neurodegenerative disorders, has an influence on language production (Bayles et al.,
1993; Kempler and Van Lancker, 2002) and comprehension (Maseda et al., 2014). For instance,
there is a decline in syntactic complexity of language produced by people with some cognitive
impairment (Sand Aronsson et al., 2021). Also, impairment in some language processes is
found in patients with Alzheimer Disease (Fraser et al., 2016). Our aim here is to overview
work on propositional density as an index of linguistic complexity to show that it can then
be used as an effective tool in research.

As detailed in the next section, propositional density quantifies the number of propositions
(simple idea units) relative to words present (Brown et al., 2008). It has emerged as a diagnostic
tool for studying cognitive aging (Kemper et al., 2001; Kemper and Sumner, 2001; Snowdon
etal, 1996) and impairment (Snowdon et al., 1996, 2000) but has not gained the wide-spread
use, even though it has the potential for assessing cognitive processes using both language
production and comprehension. For language production, language samples can be assessed
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for their complexity and content. Changes in the density of these
production samples can provide insights into current cognitive health,
serve as early indicators of impairment, and help track any declines
over time. This is based on the idea that cognitive declines would
be revealed in simpler, less dense output. In contrast, for language
comprehension people can be given language samples (e.g., sentences,
paragraphs, or stories) that vary in their propositional density.
Differences in understanding and memory for those samples can
provide an index of cognitive performance (Stine and Hindman,
1994). While there is potential for using propositional density as an
index of cognitive processing, there has been some variation in its
application (Spencer et al., 2012). Here, we suggest that the major
source of this variation centers on the use of different methods and
populations, along with differences in scoring methods (Chand
etal., 2012).

In this paper, we first provide a definition of propositional density.
Then we overview some major findings and variations in the literature
within the context of how propositional knowledge is represented and
processed in memory in the domains of aging and cognitive
impairment. Finally, we suggest some future directions of exploration,
some of which inform our own research.

2 Defining propositional density

In philosophy and psychology, propositions are defined as
fundamental units of meaning. They served as the basis for early
models of human memory (e.g., Anderson, 1983; Anderson and
Bower, 1974). In language, propositions are the smallest components
assessable for their truth value, consisting of a predicate and an
argument, each with unique semantic roles (Kintsch, 1998; Van Dijk
and Kintsch, 1983). For example, in “John loves Mary;” the predicate
is “loves” and the arguments are “John” and “Mary.” Sentences may
contain multiple propositions, such as “John loves Mary deeply;,”
which includes “John loves Mary” and “John’s love is deep.”

Propositional density refers to the number of idea units within a
linguistic segment, adjusted for the number of words. For example,
“The old gray mare has a very large nose” contains five propositions:
(1) the mare has a nose, (2) the mare is old, (3) the mare is gray, (4)
the nose is large, and (5) the nose is very large. Propositional density
is calculated as:

Propositional Density =Number of Propositions/Total Number
of Words

For our example sentence, this would be:

Propositional Density =5 propositions/9 total words=0.56

It is important to note that propositional density is not simply a
reflection of the number of words present. For instance, “The farmer
in the field is growing wheat diligently, and he is wearing a blue hat”
has a propositional density score of 0.375 (i.e., 6 propositions/16
words), while “The weary farmer, battling drought, planting wheat,
seeking help, praying for rain, is wearing his hat” has a score of 0.563
(i.e, 9 propositions/16 words) despite both having the same
word count.

It has been observed that propositional density scores are
associated with differences in comprehension and memory. Increasing
the number of propositions while holding word count constant leads
to longer reading times (Kintsch and Keenan, 1973; Kintsch and
Monk, 1972) and lower recall rates (Kintsch and Keenan, 1973). To
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wit, people with milder deficits would be expected to have difficulty
with high density, but not low-density language. However, people with
more severe deficits would be expected to have greater difficulty
overall, and across a wider range of densities. Additionally, multiple
propositions referring to a common concept increases retrieval time,
as with the fan effect (Anderson, 1974). However, that said, memory
is not solely guided by propositions. If people hear multiple sentences
of overlapping content that refers to a common event, then they will
use the degree to which memory probes match the integrated memory
of all the propositions, rather than memory for the individual items
that were heard (Bransford and Franks, 1971).

In the research discussed here, propositional density is used in
two ways. First, it may be used to quantify the language produced by
people. Specifically, how propositionally dense is their output? This is
propositional density as a dependent variable. Second, it may be used
to create different sets of materials, as was done by Kintsch, that vary
in their densities. Specifically, this is done to assess language
comprehension and memory. This is propositional density as an
independent variable.

3 Cognitive aging

Cognitive aging brings about changes in mental function, such as
slower processing speeds, diminished working memory capacity, and
declining inhibitory function (Connelly et al., 1991; Park et al., 2002;
Salthouse, 1990, 1996). These changes affect the ability to process and
retain information, including some impact on language production
and comprehension. For example, Kemper and Sumner (2001) found
that older adults’ oral language samples were less syntactically
complex, less propositionally dense, and shorter compared to younger
adults. These changes were associated with processing efficiency. Less
efficient processors tend to have lower propositional density scores
and longer utterances. Moreover, lower working memory span scores
were associated with decreased lexical variety and syntactic
complexity. Here we consider age-related changes in cognition, and
how these are related to changes in propositional density during
language production, and how propositional density can influence
language comprehension.

3.1 Language production

In terms of language production, as noted above, older adults are
more likely to produce less propositionally dense utterances. Some
research has suggested that changes in output density are a result of
changes to cognitive processes operating prior to language
formulation, per se (Madden et al., 2019). For language production
models, this phase is called conceptual preparation (Levelt, 1993,
2000). During this time people select and assemble ideas that are the
basis of language production. This requires executive control,
involving decisions about the structure and content of the forthcoming
message (Harley, 2016; Levelt, 1993, 2000).

Research indicates that age-related cognitive declines can impact
conceptual preparation, and subsequently this is reflected in reduced
verbal output and idea density (Kemper and Sumner, 2001; Mortensen
et al., 2006; Soares et al., 2014). This conceptual difficulty is also
revealed in a higher dysfluency rate for older adults when they are
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asked to talk about less familiar topics (Bortfeld et al., 2001; Mortensen
etal,, 2006). Because older adults have difficulty assembling the basic
ideas that will underlie an utterance, they are more likely to have
dysfluencies (um, er, uh, etc.) to give conceptual preparation more
time to assemble the ideas that they are trying to convey.

More generally, word fluency reflects the ease with which people
can generate multiple ideas and concepts. Such difficulties in idea
generation then manifest themselves as declines in older adults’ speech
(Clark et al., 2009). An exploratory analysis by Barker et al. (2022)
suggested that executive functioning may be responsible for the
inability to conceptually select between competing ideas and concepts.
This then results in diminished propositional density. More
specifically, underlying executive function deficits, such as decreased
inhibitory abilities, may allow irrelevant concepts and associations to
intrude, rendering the propositional language smaller and less
coherent than that found with younger adults (Barker et al., 20205
Barker et al., 2022; Hoffman et al., 2018; Pushkar et al., 2000).

While changes in propositional density could reflect changes in
idea selection (Barker et al.,, 2022; Frederiksen et al.,, 1990; Levelt,
1993, 2000), other work has suggested that such changes are associated
with diminished abstract reasoning and executive function (Barker
et al, 2022; Hoffman, 2018). Idea generation relies on executive
resources (Alexander, 2006) to select relevant information so that any
language output aligns with communicative intentions (Alexander,
2006). Thus, lower propositional density would reflect executive
decline, such as is seen in older adults (Arbuckle et al., 2000).
Moreover, it has been reported that declines in planning and
producing language varying together result in a dual task cost
(Kemper et al., 2001, 2009, 2011).

Overall, there is an age-related change in language production,
with older adults producing less dense utterances. This may reflect
challenges with underlying cognitive processes associated with the
creation and assembly of the ideas underlying the language output.
This is crucial for real-world tasks like eyewitness reports, where older
adults may need adjustments to express memories appropriately, such
as speaking slower, and taking more time to put their thoughts together.

3.2 Language comprehension

Age-related changes in language processing are due, in part, to
changes in working memory (Gilchrist et al., 2008; Salis, 2011;
Wingfield and Stine-Morrow, 2000). Specifically, older adults typically
do not maintain as much information as younger adults do, and so are
more likely to have difficulty processing more complex language and,
thus, are more likely to show a deficit. Although some problems may
arise from more syntactically complicated language structures
(Norman et al., 1991), another significant factor could be how these
age-related changes could give rise to difficulties in language
comprehension with increased propositional density.

As noted earlier, research with younger adults has shown that
increases in propositional density leads to longer reading times and
decreased memory. The changes that accompany the natural aging
process leading to greater challenges for older adults for denser texts.
Essentially, declines in working memory capacity make it harder to
manage more propositions in a text. This was found in studies by
Fraser et al. (2016), Kemper et al. (2001), and Mitzner and Kemper
(2003). As a result of older adults’ increased sensitivity to propositional
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density, they often need more time and resources to process
denser sentences.

The impact of propositional density on comprehension for older
adults was also seen in a study by Stine and Hindman (1994). This
study compared reading and memory for younger and older adults for
sentences with varying densities. Relative to younger adults, older
adults spent more time reading denser sentences, and that this
difference was correlated with working memory span scores. This was
also associated with reduced memory. Stine and Hindman suggested
that the slower reading time reflects a compensatory strategy with
older adults taking more time to process the information because they
are dissecting denser sentences into smaller, more manageable units.
These smaller units could then be more easily handled with reduced
working memory resources, allowing cognitive processes to
be completed in a timely manner.

Opverall, cognitive changes in older adults bring about changes in
information processing. Materials that take into account these changes
can enhance language comprehension and processing, supporting
effective communication and lifelong learning. In essence, older adults
may show a larger benefit to comprehension if presented with less
dense materials.

4 Cognitive impairment

In this section, we consider two types of cognitive impairment,
and how propositional density can be used as an index of the degree
of disruption. These are the cognitive impairments that come with
forms of dementia, such as Alzheimer’s Disease, and language specific
deficits, such as aphasia.

4.1 Dementia

With dementia, subtle linguistic changes may signal early
cognitive dysfunction, because language processing involves various
cognitive mechanisms that are compromised (Caplan, 1993).
Language production issues would reflect the downstream problems
that result from such deficits. As an illustration of the usefulness of
propositional density for assessing such cognitive changes, a study by
Medina et al. (2011) examined the relationship among familial
Alzheimer’s disease (FAD) mutation status, apolipoprotein E (APOE)
genotype, and propositional density for non-demented people at risk
for FAD. People provided biographical essays, which were analyzed
for propositional density. Their results revealed no significant
association between FAD mutation status and propositional density.
However, the presence of the APOE E4 allele was strongly correlated
with lower density.

Also, Engelman et al. (2010) found that cognitively intact people
produce propositionally denser output than Alzheimer’s patients,
likely due to their intact cognitive resources (Stine and Hindman,
1994; Stine-Morrow et al., 2006). In contrast, impaired people have
limitations that hinder the production of denser output (Snowdon
etal., 1996, 2000). More specifically, the propositional density of the
output of language production tasks can be used to predict Alzheimer’s
(1996) analyzed
autobiographies written by women around the age of 22 and compared

disease. As an example, Snowdon et al

them to subsequent outcomes. They found that lower density was
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associated with lower cognitive test scores and higher occurrence of
Alzheimer’s disease later in life. Engelman et al. (2010) did a similar
analysis using medical school admissions essays. Again, finding that
lower density in the earlier writings of people who later developed
Alzheimer’s disease. Thus, early life language production can be used
as a predictor of later cognitive health.

A longitudinal analysis of language samples from healthy and
adults with dementia showed a progressive decline in grammatical
complexity and propositional density with age (Kemper et al., 2001).
Alzheimer disease was accompanied by accelerated deterioration.
Moreover, grammatical complexity decline was linked to digit span,
while propositional density decline was associated with vocabulary
differences. More recently, Mueller et al. (2016) assessed whether
people with Mild Cognitive Impairment (pMCI) and memory decline
exhibit deficits in connected language measures. The people described
a picture, and these productions were analyzed for semantic content
(total semantic units, propositional density, and unique words),
syntactic complexity, and speech fluency. The pMCI group had fewer
unique words and semantic units than the controls, and importantly,
differed in propositional density. No differences were found in speech
fluency tasks or syntactic complexity. Thus, measures of propositional
density can capture cognitive changes that might be missed with
other measures.

Propositional density can be used to detect declines in semantic
memory, as is found with Alzheimer’s disease (Kirshner, 2012; Mascali
etal, 2018; Zahn et al., 2004). During the early stages of the disease,
people exhibit declines in semantic processing, as with lexical errors,
delays in word finding, semantic paraphrases, and verbose language
(Forbes-McKay et al., 2013), all of which reduce the density of their
language productions. Venneri et al. (2016, 2018) suggested that tests
of semantic processing, such as propositional density, can detect
changes early on.

Supporting this, a study by Farias et al. (2012) examined whether
density from oral language samples, obtained from cognitively intact,
impaired, and demented groups, could predict subsequent trajectories
of cognitive change. They found that density scores were more closely
related to changes in overall cognitive function in the MCI and healthy
groups than in the dementia group. This highlights the potential of
density as a way to predict cognitive decline, particularly early on.
Additionally, the study demonstrated that density was correlated with
semantic memory, executive function, and spatial abilities, and
minimally correlated with episodic memory.

It is important to note that all of the studies discussed in this
section use measures of the density of language productions. To our
knowledge, there are no studies of language comprehension and
memory that use propositional density as a way of manipulating the
materials presented and exploring language processing in this way.
This is an open avenue for future research.

4.2 Aphasia

Propositional density has been used with nonfluent (Broca’s) aphasia
patients to assess the informativeness and communicative adequacy of
their language production (Barker et al,, 2020; Bryant et al., 2013). In one
study, Bryant et al. (2013) investigated the extent to which propositional
density scores differed between aphasic and non-aphasic discourse, and
whether it could adequately index the severity of the aphasia. The study
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included people from the Goals in Aphasia Project with post-stroke
aphasia following a cerebrovascular accident in their language-dominant
hemisphere, and their family members, who served as controls. The
language production samples were analyzed for propositional density,
lexical diversity, complexity (measured as the mean length of an
utterance and number of utterances), and overall verbal productivity.

The results revealed that propositional density scores differed in
the two groups. There was a negative correlation between these scores
and the severity of aphasia, indicating that more severe aphasia
compromised language production to a degree that results in less
dense and information-impoverished discourse. These results were
validated by correlations with other language measures including
Number of Different Words (NDW), Mean Length of Utterance
(MLU), and Number of Utterances (NU). An unexpected increase in
the Type-Token Ratio (TTR) was observed in cases of aphasia,
possibly due to the large sample sizes of aphasic language data in the
present research.

Similarly, a study by Fromm et al. (2016) evaluated how
proposition density can differentiate between people with aphasia and
controls, as well as among subtypes of aphasia, based on procedural
discourse and personal narratives. There were six aphasia types
assessed: Broca’s, Wernicke’s, anomic, conduction, transcortical motor,
and people that had an Aphasia Quotient greater than 93.8. The
controls scored higher than people with aphasia on both tasks.
Additionally, density scores differed among the aphasia types. Density
scores for the Broca group were lower than those for all the others.
Moreover, everyone with aphasia scored lower on discourse tasks than
on the narrative tasks. This shows that propositional density can
be used to distinguish between different types of language deficits and
task types.

Some studies on aphasia indicate that even with reduced
propositional output and impaired executive functioning, skills such
as comprehension, repetition, reading, and naming often remain
intact (Crescentini et al., 2008; Robinson et al., 2006; Robinson, 2013).
Webster et al. (2018) found that propositional density did not impact
reading time or accuracy in people with aphasia, indicating intact
comprehension despite production deficits. Fromm et al. (2017) also
observed no differences in comprehension between healthy people
and people with aphasia. The deficits studied so far appear to
be confined to language production. The intact skills along with
reduced propositional language during discourse generation may not
be strictly language-based but could also be attributed to an inability
to select novel thoughts (Barker et al., 20225 Robinson et al., 1998,
2010). Difficulties in the sequencing and selecting of thoughts may
hinder the fluid connection of ideas during language production. This
may be why patients often do well on word and sentence-level
generation tasks, which require generating only a single idea and
focusing attention on the current message. Another possible
explanation is that people with aphasia during comprehension use
context and redundancy in connected speech, which enables them to
infer meaning and compensate for their linguistic impairments
(Huber, 1990).

5 Variation in propositional density

Propositional density has been useful for assessing linguistic
ability and cognitive health, but there are challenges. These include
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variability in its reliability as a predictor of cognitive decline,
effectiveness across modalities, study context, sample differences, and
calculation methods. Each of these are considered in turn.

5.1 Predictability

While there have been studies showing that propositional density
scores for language production can be used to help predict cognitive
functioning in later life, there are also some inconsistencies. The
predictability of propositional density scores from language output for
later cognitive performance has relied heavily on rich production
corpora. Ferguson et al. (2014) and Spencer et al. (2012) have both
noted that longer writing samples tend to yield more consistent
density measures, emphasizing the need for larger datasets to enhance
reliability. Thus, it is expected that cases in which the language
production output are smaller is likely to lead to less stable
propositional density measures. Any predictions using such scores are
likely to be less reliable.

5.2 Modalities

While there have been studies showing that propositional density
scores for language production can be used as an index of cognitive
functioning, there are also some inconsistencies depending on the
modality of production. For example, Smolik et al. (2016) reported a
decrease in density for amnestic mild cognitive impairment (aMCI)
patients in spoken but not written language. This aligns with the Nun
Study (Mitzner and Kemper, 2003), which found higher propositional
density in written compared to oral samples. Written narratives tend
to have higher density than spoken narratives. This difference may
reflect the fact that the writing process serves to offload cognitive
processes to some degree, which opens the door for denser
language units.

5.3 Study context

As noted earlier, propositional density has been used in the
context of both language production and language comprehension
and memory studies. Each of these has its strengths and weaknesses.
In terms of language production, it has clearly been shown that
samples of early language production can, to some degree, predict
cognitive deficits later on. This has not been demonstrated with
language comprehension. That said, propositional density scores
derived from language production require a large output sample to
produce scores that are predictable. Moreover, in some cases, people
may be less willing, or less able, to produce a great deal of linguistic
output when asked, because, by its very nature, is cognitively
demanding.

In comparison, for language comprehension tasks, researchers
can use materials of various densities to assess performance. This
can be done in a much shorter period and involves explicit
experimental manipulation. This sort of assessment can involve
both reading time measures, as well as memory measures. Such
multimethod approaches are always preferred to single methods,
such as just using memory. This also would allow for a better
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comparison between groups because the nature of the materials
(the language input) would be the same in both cases. Any
differences would be due to cognitive processes. That said, as noted
earlier, comprehension measures are less likely to be useful in
predicting later performance given the lack of background research
on the topic, and the lack of test administration early in life. Still,
overall, when faced with a choice, we would recommend going into
any new evaluation to assess cognitive function using

comprehension in situations where there is more task

administration control.

5.4 Sample differences

Studies on conditions like MCI and aphasia report differences in
propositional density due to the different cognitive profiles. For
example, Mitzner and Kemper (2003) and Fraser et al. (2016) noted
that Alzheimer’s disease impacts different brain regions, causing
heterogeneity in language samples. Distinct subgroups, such as
amnestic and dysexecutive deficit groups, may demonstrate varying
effects on density.

In the context of healthy aging, Véliz et al. (2013) found that there
are no differences in syntactic complexity and propositional density
between healthy younger and older adults in sentence production.
Similarly, Ferguson et al. (2014) noted that propositional density
during production remained consistent in healthy women from young
to mid-adulthood but began to decline in older adulthood. That said
it should be noted that these studies involved small sample sizes
(N=20). Thus, it is important to consider the nature of the samples
that are being worked with to best understand how propositional
density scores reflect what sorts of differences in cognitive processing
that are known to be present.

5.5 Genre influences

Propositional density scores can also vary with different linguistic
genres (Alyahya et al., 2020; Fromm et al, 2016). For example,
storytelling narratives often have more content words and lexical
diversity compared to composite picture description and expository
discourse. This may reflect the greater ease that narrative language is
processed relative to other kinds. This ease of processing may free up
resources, making it easier to integrate more basic idea units into a
given segment of language.

5.6 Calculation methods

Several methods have been used to calculate propositional density.
These include the Language Across the Lifespan (LAL) coding manual,
the Computerized Propositional Idea Density Rater (CPIDR) tool, and
Analysis of Idea Density (AID). Each of these are considered in turn.

LAL (Kemper, 1993) is an adaptation of Turner and Greene’s
(1977) original manual defining propositional density. For this
approach, propositions are grouped into three classes: predication
(often verbs), modification (adjectives, adverbs), and connection
(conjunctions, prepositions). The total number of propositions is
divided by the total number of words.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1434506
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Harrag et al.

The CPIDR tool (Brown et al., 2008) automates propositional
density calculation by analyzing semantic content using parts of
speech tagging, counting the derived propositions, and dividing them
by the number of words. This is then followed by a refinement using
post-analysis rules. These rules include flagging conjunctions,
numerals, determiners, prepositions, adjectives, adverbs, possessives,
verbs, relatives, or interrogatives as propositions. Additional rules
condense complex verb phrases into single propositions; for instance,
“may have been signing” would be condensed to a single proposition.
Subject-auxiliary inversion is also used to correctly process questions.
For example, “Has he come?” is converted to “he has come.”

The AID has been used for oral language samples Chand et al.
(2012). It is based on Kintsch’s narrative analysis. This approach uses
Turner and Greene's (1977) classification (predication, modification,
and connectives) but diverges by emphasizing the extraction of
meaningful content, differentiating between semantic significance and
grammatical structure. In this approach, an idea is only counted if it
contributes to the overall meaning. This removes verbal asides that
may occur during oral output (e.g., “Oh, hi there!”).

Thus, these guidelines also help distinguish between words and
phrases that add new information versus those that fulfill grammatical
necessities. For example, “And then, surprisingly, she left” counts
“surprisingly” as it introduces a new idea, while “and then” is a
narrative progression tool. Similarly, the repetition of “very” in “It was
very, very cold” is evaluated based on whether it introduces new
information or merely emphasizes the existing description. The
manual also provides detailed guidelines on what constitutes a word,
including lexical fillers, unfinished words, repeated words, utterance-
initial conjunctions, and acronyms.

Overall, the LAL-based measure, CPIDR, and AID each have
benefits and limitations. Incorporating propositional density into
future research requires understanding the strengths and limitations
of available tools. LAL provides a comprehensive analysis but is
complex and less accessible without substantial linguistic training.
CPIDR 3 segments text into propositional units using speech tags,
offering an automated approach that simplifies the process but may
overlook semantic richness and syntactic complexity. AID prioritizes
semantic content, introducing rules to improve inter-rater reliability.
However, it is labor-intensive and may allow for some element of
subjectivity. This method relies on what the raters deem meaningful.

To illustrate differences among these measures, take the repetition
of word very in “very, very cold” In approaches such as LAL and AID,
this may be counted as meaningful because it is used for emphasis, but
another rater may discard it given it does not introduce new
information. Thus, it is necessary to define what constitutes a “word”
for accurate calculations. CPIDR 3 counts “very, very exhausting” as
three words, while AID counts one “very” Thus, clearer guidelines,
such as standardizing the treatment of contractions, possessives,
multi-word numbers, acronyms, and repeated words can ensure
consistency in measurement, would be helpful.

6 Future research

Going beyond measurement issues, further work can be done
looking at how this measure relates to various levels of language
comprehension. There are three levels of representation that can
be identified, namely the surface form, the textbase, and the mental
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model levels (Van Dijk and Kintsch, 1983). The surface form
captures the verbatim wording of language, including the specific
words and syntax that were used. The textbase captures the
propositional idea units that are present in language, apart from the
specific wording. For example, the sentences “The boy helped the
girl” and “The girl was helped by the boy” have different wordings
and syntax, but map onto the same underlying idea. Finally, the
mental model level refers to what the language is about (Glenberg
etal, 1987). It includes both information from the language itself,
as well as inferences drawn from a person’s long-term knowledge.
For example, if you read that the firecracker exploded, you are
likely to infer that someone lit the fuse, even if it was not
explicitly stated.

Propositional density primarily assesses the textbase level of
language comprehension and memory, although there is some
involvement of surface form knowledge as well, especially in the
calculation of a propositional density score (i.e., the number of words
used). However, it is unclear how this measure relates to the mental
model level. This is important because research indicates older adults
may perform similarly to younger adults at the mental model level
despite differences at the textbase level (Radvansky and Dijkstra,
2007). Do propositional density differences also manifest themselves
as higher level comprehension and memory differences as well?

Another issue is how propositional density affects memory over
time, such as forgetting rates for denser language. Research has shown
that different types of information follow different patterns of
retention and forgetting (e.g., Fisher and Radvansky, 2018). For
example, surface form information is forgotten quite quickly, within a
few seconds or minutes (Sachs, 1967), whereas the mental model level
may endure for days, weeks, or even decades (e.g., Doolen and
Radvansky, 2021). It may be that language at different levels of
propositional density may exhibit different patterns of forgetting. For
example, it may be that denser texts result in longer lasting memory
because there is more supportive informational content. Alternatively,
it may be that denser texts actually result in shorter lasting memory
because there is more information to encode, which taxes cognitive
resources, resulting in poorer initial encoding.

Future studies should explore this and consider practical issues
like eyewitness report accuracy, memory veracity, and confidence. Is
propositionally denser output linked to greater accuracy, truth-telling,
and confidence? This could be if a strong, more detailed memory trace
is present, then there is more underlying information to draw upon.
Therefore, this would allow language production to include more idea
units within a given utterance.

Expanding propositional density as a tool to other cognitive
domains offers promising avenues for research, particularly in
understanding autobiographical memory and its relation to memory
report generalization. For instance, changes in language production
density could indicate the presence of conditions such as depression,
which is often associated with over general memories that lack detail
and specificity (Williams et al., 2007).

There is also a lack of studies in clinical settings of how materials
of different propositional density affect comprehension in people with
dementia, aging adults, and those with cognitive impairments. Most
studies of these populations focus on language production.
Understanding this could reveal valuable insights into the cognitive
processes underlying language use, aiding in the development of
better communication strategies and interventions. Extending this
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tool beyond its traditional applications could therefore provide
additional insights into various conditions.
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