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Abstract

We propose a methodology for leveraging aspects of ontology design principles to guide the use of a
masked language model (MLM) as a query engine over raw text documents. By using targeted fill-in-the-
blank-style prompts to define relations, we show how a domain expert could use BERT, a well-known
MLM, to extract triples from unseen documents without any fine-tuning. We evaluate our proposed
methodology using a modified document-level relation extraction task, highlighting early successes but
also numerous areas that need improvement. Despite these shortcomings, we then discuss why we are
still hopeful that this paves the way toward flexible text-based query engines which use collections of
unstructured documents.
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1. Introduction

A Knowledge Graph (KG) is a labeled, directed graph where the nodes are entities of interest
and all edges represent the existence of a typed relation between two of those entities. A KG can
also be viewed as a set of subject-predicate-object triples representing the edges of the graph.
KGs are often used for information retrieval and storage, and can be incorporated into larger
systems for tasks like recommendation and question answering. In these settings, KGs are often
paired with an ontology to provide added semantics to the entities and relations, thus making
up a knowledge base (KB) that can be queried and reasoned over. This ontology provides basic
vocabulary to the KG while also specifying the logical constraints that should hold. However,
in many cases the actual knowledge underlying the KG is not structured data, but rather is
found in unstructured or semi-structured forms like text documents. The larger the KG grows,
the harder it is to guarantee its coherency and consistency with regards to both the ontology
and the underlying knowledge sources that it represents. This also presents a challenge when
needing to update the knowledge base, as adding or removing assertions may affect or even
invalidate others. Even more complex is the task of changing the ontology, e.g to represent more
or less the same information but with a different ontology design pattern, such as a different
level of detail or granularity, after the KG has been developed or extracted from text.
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At the same time, advances in language modeling have yielded results which can provide (an
approximation of) the same services as the KB envisioned above with no logical modeling, i.e. no
actual KG or ontology. Some work even considers large language models (LLMs) as knowledge
bases in their own right [1, 2, 3], with aspects like the structured data and requirements
being implicit in the learned patterns and distributions. For instance, consider the recently
released GPT3 [4], which can, among other things, answer arbitrary queries concerning factual
statements. While impressive, these generative systems often rely on clever prompt engineering
and may still assert false claims, so called “hallucinations,” requiring significant work on the
part of the user to ensure the quality of the generated text. Further, because these systems are
intended to be as general-purpose as possible, there is no obvious way to force them to only
generate text supported by a given document or corpus when using them out-of-the-box. This
means that potentially irrelevant or erroneous information present in the language model’s
training data could bias its output, and hampers their use as KBs.

However, LLMs can still provide a natural language interface to knowledge, and this is what
we attempt to exploit in this work. Our goal is not to automatically generate a KG from raw
text, nor to use LLMs as KBs. Instead, we wish to treat text corpora as semi-structured KGs, i.e.
replacing the extraction step with a virtual querying using an LLM, and enable users to explore
the information within a text corpora through natural-language queries in a guided setting, e.g.
using a specific ontology, as if knowledge would have been already represented in a KB.

Another aspect of this work is the opportunity to change the ontology as we go along. By
incrementally defining the relations as text queries with logical restrictions, users simultaneously
build both a query and the ontology backing it. Hence, we also address the problem of viewing
the data through the lens of different ontologies or ontology patterns.

1.1. Motivating example

Take for example the document in Table 1, which is a part of the DocRED dataset [5] presented
later on in this paper, where texts are annotated with entities and relations originating in
WikiData [6]. Depending on the underlying ontology, a user might wish to extract the statement
“Skai TV is located in the country of Greece.”. In a traditional KG, these facts are likely stored as
triples such that a simple SPARQL query could be used to retrieve them using a basic graph
pattern: ?x p17 ?y. In this case, the queries are essentially independent of the ontology; if p17
were undefined, there would simply be no matching triples returned. Further, the semantics
of the predicate p17 are disjoint from its use. To understand Skai_TV p17 Greece. requires
looking into the ontology directly. Had we named the predicate country instead, we risk
making wrong assumptions about the actual semantics of the predicate and when it applies.
Now consider the case where that same query is written in a way which more closely matches
the statement from before: “?x is located in the country of ?y”” This query makes a few more
aspects of the relation clear, such as the direction of the relationship, the fact that the relationship
is a spatial one, and that ?y needs to be a country. These aspects carry over directly to the results
that the user gets. A user would also be able to see more clearly when incorrect statements are
retrieved. If the object of a statement ended up not being a country, the user could add in a
range constraint and try again. Finally, assume that the query is resolved by somehow matching
it to information in text documents. Then, if the results just simply seem incorrect overall, the



Document Relations

‘Piraeus’, ‘P17’, ‘Greece’)

‘Skai Group’, ‘P17’, ‘Greece’)
‘Athens’, ‘P17, ‘Greece’)

‘Skai TV’, ‘P159’, ‘Piraeus’)
‘Skai TV’, ‘P127’, ‘Skai Group’)
‘Skai TV’, ‘P159’, ‘Athens’)
‘Skai TV’, ‘P17’, ‘Greece’)

Skai TV is a Greek free-to-air television network based in Piraeus. It~ (
is part of the Skai Group, one of the largest media groups in the coun-  (
try. It was relaunched in its present form on 1st of April 2006 in the  (
Athens metropolitan area, and gradually spread its coverage nationwide.  (
Besides digital terrestrial transmission, it is available on the subscription-  (
based encrypted services of Nova and Cosmote TV. Skai TV is alsoa  (
member of Digea, a consortium of private television networks introduc-  (
ing digital terrestrial transmission in Greece. At launch, Skai TV opted

for dubbing all foreign language content into Greek, instead of using
subtitles. This is very uncommon in Greece for anything except docu-
mentaries (using voiceover dubbing) and children’s programmes (using
lip-synced dubbing), so after intense criticism the station switched to
using subtitles for almost all foreign shows.

Table 1
Document 3 from the DocRED data set, along with all the relations that should be extracted from it.

user could adjust the text of the query until the results were satisfactory. This encourages a
guided approach to querying for information within the document, in a sense building up the
logical structure alongside the query.

The system which performs the querying could additionally keep track of the underlying
predicate it relates to, as well as any other information that enhances the query, such as
constraints like domain and range. This would also allow for multiple different queries for
the same relation, each representing different aspects, potentially with their own constraints.
Relation P131 (“located in the administrative territorial entity”) is a particularly difficult one,
with WikiData listing 47 alternate names'. For that relation, it feels obvious that no single text
query could describe all instances.

1.2. Research Questions
The work in this paper is a starting point towards answering the following research questions:

RQ1: What are the limitations and challenges of using a masked language model to retrieve
facts from natural-language text using fill-in-the-blanks queries and a perplexity-based
scoring metric?

RQ2: How robust is such a system to small changes in prompts and restrictions provided, and
where are important points of future improvement?

While we cannot definitively answer these questions yet, our results are analyzed in Section 4
with these in mind, and they guide our discussion of future work in Section 5. Delimitations
of the work include that we specifically analyze the case where the model is BERT [7]. Other
details of the experimental setup are provided in Sections 3.

1.3. Contributions and Paper Outline

The main contributions of this work are (1) a method and technical setup for using a masked
language model (MLM), i.e. BERT, in order to answer fill-in-the-blanks questions representing

!See https://www.wikidata.org/wiki/Property:P131 under “Also known as.” Accessed March 15, 2023.
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typical KB triples, based on a specific text, and (2) a set of experimental results, allowing to
analyse and explore the limitations and challenges of using BERT for this task, and derive future
work directions.

The remainder of this paper is structured as follows. In Section 2 we briefly present some
areas of related work, before presenting our method and technical setup in Section 3. Results of
the experiments are then presented in Section 4. Finally, we conclude with a discussion and
outlining future work in Section 5.

2. Related Work

There are approaches that try to use LMs as KBs in their own right, as exemplified by [1], [2]
and [3]. However, although using an LM as if it was a KB, these approaches assume that the
LM already contains the facts the user is asking for, while we make a different assumption, i.e.
that the facts reside in some text corpora, rather than in the LM itself. Nevertheless, the idea of
using natural language to access a KB and having the query interpreted by a LM is similar.

For automatically extracting a KG from text, on the other hand, the most prominent methods
currently apply to Open Information Extraction (OpenlE) data sets. Although quite effective in
many cases, OpenlE attempts to extract triples directly from text without any predetermined
schema or ontology, which has several problems, e.g. as discussed in [8]. For instance this
means that the resulting KG will have a diverse set of properties linking the entities, and no
obvious way for the user to understand their overlap and relation, in order to formulate good
queries over the data. Hence, using these techniques is not really suitable when the end-user
needs a uniform way to access the resulting KG, e.g. through an ontology.

More in detail, the restricted part of the problem we focus on in the experiments in this paper
is related to document-level relation extraction. In this area many approaches have emerged in
the last few years, e.g. [9]. However, it is not possible to directly compare our results to such
systems due to the different scoring system used in our method, pertaining to the different aim
of our approach.

3. Method

In this section we describe the overall method and experimental setup used to explore the
research questions. A diagram outlining this process is shown in Figure 1. First of all we
describe the dataset, and how we generated prompts and other input to the experiments. Next
we describe the LM used, the different experiments undertaken, and finally the evaluation
metrics used for assessing the results.

3.1. Dataset & Queries

We chose to use the Document-level Relation Extraction Data set (DocRED) [5] for our exper-
iments. This data set differs from OpenlE in several ways. First, it is a slightly easier, more
restricted setting since all relations, entities, and mentions are provided a priori, so preprocess-
ing steps are not needed and noise from those steps is minimized. However, this setting also



Input:

Ranked Output:

Mentions: . o o

Document . Candidates: BERT+pLL | | SJ5 T o
ai o

Skai TV is a Greek Greek e SkaiTVis in Greek. ';2;: Sﬁz;ﬂ‘s’ i': ,',T g'rf:; s
free-to-air television Piraeus e Skai TV is in Piraeus. AR AT T e e
network based in Piraeus. Skai Group e Skai TV is in Skai gii g::z;z\s/ ilss :: S::il ((;;:g:p'
Itis part of the Skai Group, 1st of April 2006 Group. _2'52: Skai Group is in Piraeuz-
one of the largest media e Greekis in Skai TV. _2.66: Skai Groug is in Skai TV.
groups in the country. It * .. -2.73: Cosmote TV is in Piraeus.
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Figure 1: A pipeline showing the basic flow of information through the system. For any given document,
all mentions are extracted and used along with the query to generate candidate statements. BERT then
ranks these statements according to their PLL score, then returns an ordered list by score. Note that
scores are always negative and higher (closer to 0) is better.

matches our intended task very well, since we are assuming that we already have an ontology
based on which we would like to query our virtual KG. Second, the focus of the data set is on
facts whose support spans multiple sentences, thus requiring entire documents to be considered
in order for all facts to be extracted. The latter makes this an excellent data set for experimenting
with fact extraction due to the need for sub-tasks like coreference resolution to be performed
across sentence boundaries. This ensures that our results are relevant for realistic scenarios of
using a text corpus to back the virtual KG.

3.1.1. Prompts

We complemented the DocRED dataset with custom prompts for every relation, as a represen-
tation of typical queries that could be submitted to the virtual KG. At least one prompt was
written for each relation, with the ten most frequent relations receiving four prompts, each
written by a different person (where 3 of those persons had no prior knowledge of the dataset,
to ensure a realistic set of queries), to examine sensitivity to prompt variation. The prompts are
in English, with the expected subject and object replaced with variable markers. For instance,
the most frequent relation P17 (“country”) had the following prompts written for it:

*?x is in the country of ?y.
?x is located in ?y.
?x is located in the country of ?y.

W =

?X is in country ?y.

The prompt marked with * is used in the primary experiments in Section 3.3, while the other
three are used in the sensitivity experiment described in Section 4.2.1. Table 2 gives details
about the ten most frequent relations in DocRED, including the main prompts used in the
experiments.

3.1.2. Domain and Range Restrictions

In order to get an idea of the effects of including logical restrictions in the prediction process,
we included domain and range restrictions on the relations in one of our experiments. Such



Relation ~ Name Description Prompt
P17 country sovereign state that this item  ?x is in the country of ?y.
is in (not to be used for human
beings)
P27 country of citizen- the object is a country that rec- ?x is a citizen of ?y.
ship ognizes the subject as its citizen
P131 located in the ad- theitem is located on the terri- ?xis located in ?y.
ministrative territo- tory of the following adminis-
rial entity trative entity
P150 contains administra-  (list of) direct subdivisionsof an  ?x contains ?y within its borders.
tive territorial entity administrative territorial entity
P161 cast member actor in the subject production  The cast of ?x includes ?y.
P175 performer actor, musician, band or other  ?x was performed by ?y.
performer associated with this
role or musical work
P527 has part part of this subject One part of ?x is ?y.
P569 date of birth date on which the subject was  ?x was born on ?y.
born
P570 date of death date on which the subject died  ?x died on ?y.
P577 publication date date or point in time when a  ?x was published on ?y.
work was first published or re-
leased
Table 2

Explanations of the ten most common relations from the data set, including the prompts.

restrictions would typically be found in an ontology, used for querying the virtual KG. For
example, the “country” relation clearly can only have a country as the object, so its range was
set to LOC, i.e. only location entities during this specific experiment. These restrictions were
mined from the training portion of the DocRED data set. To account for labeling noise, we
excluded types if they did not appear in at least 5% of the relation instances.

3.2. Language Model

For our baseline, we use the large, cased variant of the Bidirectional Encoder Representations
from Transformers (BERT) model [7]. BERT is a pre-trained masked language model (MLM)
which, when originally published, obtained state-of-the-art scores on eleven benchmark tasks
through fairly minimal task-specific fine tuning. As a MLM, BERT was trained on an infilling
task, where tokens in a sequence are masked out and need to be recovered. It was also trained
on a next-sentence prediction task, but we do not focus on that here. To accomplish this, BERT
learns contextualized vector representations for every token in the corpus that encapsulate
enough information such that nearby masked words can be recovered reliably.



3.2.1. Token-Level Conditional Probabilities

Despite MLMs not being probabilistic models in a formal sense, they can produce a score
analogous to conditional probabilities for every token in a sequence [10]. Given a token w; at
position t in a sequence W, the score for w; is the value

S; (W) := Pegrr (W | W) (1)

For ease of discussion, we adopt the language of related work and use conditional probability
notation for these scores. The value of S; is calculated by masking out token ¢ to yield a new
sequence Wy, then using BERT to score replacing the masked-out token with the original token
w;. Consider the string “Hello world!” as an example. The score for “world” is calculated (after
tokenization) as

S;(['hello', 'world','!"']) = Pggrr ('world' | ['hello', [MASK], '!']) = 0.344.

3.2.2. Pseudo-Log-Likelihood Sequence Ranking

Since BERT is a masked language model, it does not generate likelihood values for a given text,
making it difficult to use for generative tasks. To circumvent this limitation, Wang and Cho [11]
use BERT to calculate pseudo-log-likelihood scores (PLL):

W] (W]
PLL(W) := Y logS;(W) = Y log Pagrr (w; | W-,) (2)
t=0 t=0

With the same example as before, we can calculate the PLL of “Hello world!”:

PLL(['hello', 'world', '!']) = log (0.430) + log (0.344) + log (0.818) = —0.704.

3.3. Experimental Setup

The basic experiments are performed as follows. The DocRED dataset already provides certain
information which would otherwise need to be extracted separately, so we avoid any further
preprocessing of the text. In this sense, we are working under the assumption that similar
data could be generated using a pipeline that includes typed named-entity recognition, entity-
mention disambiguation, and identification of all possible relations. Then, one fill-in-the-blanks
prompt was written for every relation present in the dataset (see Table 2). Next, all possible
pairs of entity mentions are collected from each document, which are in turn used to populate
the prompts, generating all possible statements as described in Section 3.1.1. The statements
are then ranked by their PLL values using BERT as in Equation 2 (larger is better).

For each relation, the training set is used to derive a threshold value which determines
whether a statement is kept (considered true/valid) or discarded. Standard metrics can then be
used for a quantitative analysis. However, that is not enough to fully evaluate whether such a
system is viable for use in the future. To assess that, we gauge the robustness of the approach
and to what extent human input is necessary by performing the following experiments:

1. Logical constraints: What happens when we impose domain and range restrictions on
the possible responses?
2. Prompt stability: How do different user-generated prompts affect the scores?



3.4. Evaluation Metrics

We evaluate our system using a variety of simple metrics with the aim of exploring how well it
works in both automatic and expert-guided settings. For the automatic setting, we calculate a
per-relation prediction threshold, then use that to calculate precision, recall, and F; scores for
every relation. For the expert-guided setting, we use top-k metrics, varying k between 1 and 5.
The top-1 metric measures how often the first returned result is correct, such as when a user
wants a single, quick answer. The top-5 metrics instead measures how often an expert will be
able to locate at least one correct answer within the first 5 responses. As such, each top-k score
answers the question What is the perceived quality of the system if an expert is willing to accept
only k — 1 incorrect responses?

4. Results and Analysis

In this section, we present and analyze the scores of the various experiments, in relation to the
research questions and our overall aim of the work.

4.1. Automatic Relation Extraction.

The results for the ten most common relations are presented in Table 3. As can be seen in the
tables, scores vary a lot, but are in general at a level not usable in practical applications. The
same remains true even when the results are enhanced with the domain and range constraints.
This means that without further modifications, it is not reasonable to use our system setup as
an automatic KG extraction tool. Although these are negative results, it can be seen as a result
supporting our hypothesis that not actually extracting a KG from the text, but merely allowing
the user to query a virtual KG backed by the text is a much more reasonable route to pursue. In
the next section we make a deeper analysis of one of the problems currently affecting these
results.

4.1.1. Rare Token Bias

In many cases, statements which included long strings of non-English words were scored higher
than expected. This is likely due to how the BERT tokenizer works. Longer, uncommon words
are broken down into sub-word tokens. Instances of these tokens may be uncommon in the
overall data set, but extremely common when appearing together as a sequence. This means
that the scoring metric often disproportionately ranks a token due to its adjacent neighbors,
rather than due the sentence as a whole. For example, take the clearly incorrect statement
“Ecole nationale supérieure des Beaux - Arts was born in Paris”” This statement has per-token
scores of:

[0.999,0.999, 0.998, 1.000, 1.000, 0.999, 1.000, 1.000, 1.000, 0.159, 0.005, 0.997, 0.620, 0.993] .

All scores related to “Ecole nationale supérieure des Beaux - Arts” are close to 1.0, which is
the highest possible. The only words that have low scores are “was,” which BERT suggests
replacing with “”, and “born,” which BERT suggests replacing with “founded”. The fact that



Relation  Threshold F, Precision Recall #TP #FP  #FN

P17 -1.59  0.09 0.16 0.21 766 3879 2921
-1.78  0.12 0.23 0.27 993 3414 2638
P27 -1.29  0.05 0.07 0.11 158 1968 1224
-2.25  0.11 0.15 0.37 500 2909 845
P131 -1.08 0.03 0.04 0.10 158 3487 1348
-1.58 0.05 0.06 0.21 317 4798 1158
P150 -1.19  0.02 0.02 0.05 34 1486 697
-1.26  0.02 0.04 0.06 40 1010 668
P161 -1.66  0.01 0.01 0.05 21 1441 382
-2.53  0.05 0.07 0.21 86 1137 314
P175 -2.76  0.00 0.00 0.12 57 12727 422
-3.19  0.01 0.01 0.20 95 6665 378
P527 -2.00 0.00 0.00 0.04 10 4616 242
-2.00 0.00 0.00 0.04 10 3647 235
P569 -2.04 0.01 0.01 0.08 51 6169 601
-3.40 0.06 0.07 0.43 279 3775 371
P570 -1.95 0.01 0.01 0.07 35 3179 469
-2.79  0.06 0.08 0.25 124 1477 377
P577 -1.65 0.01 0.01 0.02 8 893 502
-3.78  0.05 0.06 0.29 146 2211 361

Table 3

Precision, recall, and F; scores for the ten most common relations. All scores reported are for the
development portion of the data set. The second row for a relation is after applying domain and range
restrictions. True and false positives (TP and FP), as well as false negatives (FN) are reported to show
the difficulty of discerning correct from incorrect statements using this scoring system.

these two key words have such a low score would imply to a human that the statement as a
whole is wrong, yet it still received a very high score of -0.54, due to the remaining scores that
were much higher. As a point of comparison, the highest threshold in Table 3 is only -1.08. This
means that, in order for the system to function in an automatic setting, a more robust scoring
method is needed which can handle these sorts of situations.

4.2. Expert-Guided Relation Extraction

Table 4 again presents results for the ten most frequent relations, this time for the top-k metrics
as described in Section 3.4. These results are more positive, showing that in most cases, a user
will be able to find at least one example of what they are looking for in the top 5 returned
statements. We can see that the simple act of restricting the results by domain and range results
in a nearly ten-fold increase in scores for a few relations. This supports the idea that a user
will need to guide the extraction, either through imposing restrictions based on an ontology,
adjusting the text of the query, or adding in additional queries with their own restrictions.



Relation k=1 k=2 k=3 k=4 k=5

P17 30.3 436 51.0 563 593
38.7 535 633 69.7 731

P27 17.6  27.0 33.7 389 420
371 513 60.0 650 71.0

P131 123 194 235 282 346
18.0 271 348 40.0 459

P150 3.5 5.8 7.7 9.6 11.6
114 183 229 268 31.8

P161 11.2 209 225 241 29.0
29.5 377 426 606 67.2

P175 3.9 99 108 11.8 1338
140 27.0 37.0 40.0 43.0

P527 0.0 5.3 8.5 8.5 9.5
1.1 6.5 87 109 153

P569 2.1 4.2 6.2 7.3 104
26.2 388 46.8 528 618

P570 3.3 3.8 7.2 8.8 122
211 333 438 544 627

P577 3.6 7.2 8.2 8.7 9.7

18.0 36.0 438 541 58.7

Table 4
Top-k scores for the ten most common relations. All scores reported for the development portion of the
data set. The second row for a relation is after applying domain and range restrictions.

4.2.1. Prompt Sensitivity

Table 5 shows the top-1 and top-5 scores for the ten most common relations when using different
prompts for the same relation. In cases where both the top-1 and top-5 scores are identical for
a relation, the user-provided prompts are likely also identical, such as P569 and P570, where
all but one participant provided “?x was born on ?y” and “?x died on ?y”” Overall, these results
show a fairly large sensitivity to the formulation of the prompt. For example, for P569 and P570
again, the participant who used a different prompt received much lower scores overall. For P527,
which was a generally difficult relation, the third participant’s prompt scored almost double
that of any other prompt. They used the simplest query; compare “?y is part of ?x” with “One
part of ?x is ?y”, “?x has a part which is ?y”, and “?x has ?y as a part of itself”. This implies that,
when using such a system, it is important to explore the formulation of the query, as opposed
to simply using the first prompt which comes to mind.

5. Discussions and Future Work

In this section, we discuss the implications of our results, with regards to both the proposed
method and to outline directions of future research. While the negative results on the automatic
KG extraction task clearly shows that this method is, at least for now, not suitable for such a
completely automated task, it also supports our hypothesis that a virtual KG query system might



Original Participant 1 Participant 2 Participant 3
Relation k=1 k=5 k=1 k=5 k=1 k=5 k=1 k=5

P17 30.3 59.3 15.8 38.2 35.8 62.9 7.0 16.3
38.7 73.1 244 56.4 42.5 73.1 15.1 37.0
P27 17.6 42.0 17.6 42.0 17.6 42.0 17.6 42.0
37.1 71.0 37.1 71.0 371 71.0 371 71.0
P131 12.3 34.6 6.1 22.8 12.3 34.6 4.3 13.3
18.0 45.9 14.9 421 18.0 45.9 7.2 26.3
P150 3.5 11.6 9.3 18.0 0.6 2.9 1.9 14.1
11.4 31.8 17.3 38.6 6.5 17.0 9.8 36.0
P161 11.2 29.0 11.2 17.7 12.9 38.7 6.4 30.6
29.5 67.2 27.8 54.1 311 62.3 34.4 59.0
P175 3.9 13.8 3.9 13.8 0.9 16.8 0.9 4.9
14.0 43.0 14.0 43.0 11.0 40.0 11.0 34.0
P527 0.0 9.5 1.0 10.6 2.1 8.5 8.5 20.2
1.1 15.3 1.1 14.2 2.2 13.1 10.9 25.2
P569 2.1 10.4 2.1 10.4 0.0 2.4 2.1 10.4
26.2 61.8 26.2 61.8 16.0 42.3 26.2 61.8
P570 3.3 12.2 3.3 12.2 1.1 5.0 3.3 12.2
21.1 62.7 21.1 62.7 11.1 36.6 211 62.7
P577 3.6 9.7 3.6 9.7 3.6 21.1 3.0 24.7

18.0 58.7 18.0 58.2 221 67.5 23.2 67.0

Table 5

Top-1 and top-5 scores for the ten most common relations, varied by participant-submitted prompt. All
scores reported are for the development portion of the data set. The second row for a participant is after
applying domain and range restrictions.

be a fruitful direction. This is further supported by the promising results of the top-k results, in
the expert-guided setting, and when studying the contributions that logical constraints (such
as commonly present in an ontology) can provide, as well as the robustness to changes in the
prompts written by different persons. Below, we discuss each of these aspects more in detail.

5.1. Logical Constraints

The experiments in Section 3.3 only dealt with domain and range restrictions. While these
showed significant improvement in results when used, there are many more logical constraints
available which could be included. As an example, we know that P1365 (replaces) and P1366
(replaced by) each imply the other, and P3373 (sibling) is symmetric. To further bolster the
system as a guided way to build an ontology or knowledge graph, one could select any sort
of rules allowed by a particular family of description logics (as commonly used for ontologies,
such as in OWL) and use those to improve the filtering process.



5.2. Domain Adaptation

One clear shortcoming of this system is its inability to adapt to a given domain. The experiments
as they were set up may be too heavily biased by accidental background knowledge. That is, if
BERT was trained on any data from Wikipedia or WikiData pages, then there is a high likelihood
that statements which are similar to the correct prompts have already been seen by the system.
This, however, would require the system to be fine-tuned in some way on a given document.
Salazar et al. [12] show how to use pseudo-perplexity (the MLM analogy to traditional LM
perplexity using PLL) to measure domain adaptation of a MLM during fine-tuning. Such an
approach could be used to fine-tune an MLM to an unseen document to improve ranking, which
remains a self-supervised approach.

5.3. Other Language Models

BERT is not the only MLM which could have been considered in this study. Repeating similar
experiments with other MLMs, such as RoBERTa [13], is still part of future work. Different
classes of LMs should also be studied in this setting. Such exploration would seek to answer
the question How large is the impact of pretraining or model size on the quality of the results in a
zero-shot setting?
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