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Abstract: This study examins usability of large language
model-based (LLM) chat bots, specifically GPT-3.5 and GPT-
4, as assisting tools in the energy manageemnt of educational
buildings in Serbia and Poland. The assessment is based on the
comparison of three key usability aspects: 1) the accuracy of

expert opinion replication in classifying building construction
periods, 2) familiarity with field-specific legislation; and 3)
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knowledge of details regarding building thermal envelopes. In

replicating constuction periods and sugesting legislation, LLM
chat bots performed admirably in Poland, but less so in Serbia.

Regarding

thermal

enveople characteristics, GPT-3.5

indicated U-value spans encompassing actual values, but to
broad to be useful. U-value spans provided by GPT-4 were
narrower, but they did not generally intersect with the actual
U-value range. The study concludes that LLM chat bots
indicate great potential for assisting non-experts in public
building energy management, with usability varying by
country, but still far from experts.
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1. Introduction

The rapid evolution of Natural Language
Processing (NLP) has resulted in the
breakthrough of artificial intelligence (Al)-
based large language models (LLMs), such as
OpenAl's ChatGPT (Kalyan 2024). These
LLM chat bots have demonstrated the
capability of providing human-like responses
in text-based interfaces (Khennouche et al.
2024). This advancement is due to
groundbreaking developments in
unsupervised learning, allowing LLM chat
bots to learn from vast text datasets without
direct human data annotation for specicic
tasks. LLMs are trained on extensive text
data, utilizing transformer architecture and
attention mechanisms  to generate
contextually relevant and coherent text
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outputs for a wide range of questions.
Contemporary LLM chat bots can learn from
provided input prompts, enabling them to
adopt and interpret knowledge from various
professional and scientific domains. To
examine the reasoning potential and
reliability of this novel technology, recent
studies have conducted a series of
assessments in various domanns.

Findings in literature indicate that LLM
chat bots have significant potential in
education by enhancing exam performance
and solving complex problems. Study by
Pursnani et al. (2023) highlighted the
effectiveness of prompt modifications in
improving the model's accuracy on the FE
Environmental Exam, suggesting future
research into responsible Al integration for
optimized learning experiences and improved
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student outcomes. Related to the responsible
use of Al, Chauncey and McKenna (2023)
investigated how ethical LLM chat bot can be
used in education, proposing a framework to
enhance teaching and learning by supporting
cognitive flexibility and self-regulation.
Generative Al tools have also shown potential
to revolutionize management education,
balancing technology use with authentic
learning. In study by Gupta et al. (2024)
SCOT theory and mixed-methods analysis
reveal positive impacts and challenges in
pedagogy, assessment, and ethics.

Regarding the environmental sciences,
Egbemhenghe et al. (2023) explored
ChatGPT applications for addressing the
global water crisis, highlighting benefits in
water management, predictive maintenance,
and ethical considerations, while
emphasizing the need for responsible Al
governance. Besides enhancing building
performance (Liao et al. 2024), the generative
Al can be also used to improve building
design by reusing data, learning from past
experiences, and creating new ideas, despite
challenges in data representation and design
evaluation.

Further advancements, like GPT-4, have
shown even greater usability (Rudolph, Tan,
and Tan 2023), excelling in theory of mind
tests and achieving a 95% accuracy rate on
items it can answer correctly, compared to
40% for GPT-3.5 (Campello de Souza, et al.
2023). Case studies of medical training exams
reveal GPT-4 achieved an overall score of
90.5%, compared to 63.1% for GPT-3.5
(Passby, et al. 2023). OpenAl's technical
report indicates GPT-4  significantly
outperforms its predecessor on tests like the
Law School Admission Test, Scholastic
Assessment  Test, Graduate  Record
Examination, and Advanced Placement
Exams (OpenAl 2023). Similar conclusions
have been reached in linguistics, sociology
(Rahaman et al. 2023). However, there are
disparities between different LLM chat bot
platforms across various tasks (Ahmed et al.
2023). Webb et al. (2023) performed
intelligence tests on different versions of

Generative Pretraind Transformers
(ChatGPT). They discovered that LLM chat
bots (depending on development stage and
the test conducted) show above average
intelligence when compared to humans (zero-
shot reasoning). However, aside from the
benefits intelligent technology can provide,
its utilization raised a number of questions
and concerns: Is it reliable? How should it be
used? What constraints does technology
have? Is it capable of stealing jobs?

To contribute in answering these
questions, this study compared the
performance of GPT-3.5, and GPT-4 Turbo,
in the field of energy management of public
buildings. To make the comparison fair in
providing useful information, study does not
analyse written quality of the answers, rather
just factual data LLM chat bots provide. The
comparison is focused on assessing three
aspects of LLM chat bot capabilities:

Al) Matching expert opinions when
classifying building construction periods
(CPs);

A2) Recommending legal acts that govern
building thermal performance;

A3) Comprehending period-specific details of
building thermal envelopes.

Aside from comparing LLM chat bots’
utilization potential, the study emphasizes the
feasibility of novel technology in augmenting
professional opinions and assisting decision-
making in energy management.

2. Materials and methods

To conduct the analysis (second half of
April 2024), the study employed GPT-3.5
(Trained on data up until September 2021,
Context window 16385 tokens) and GPT-4
Turbo (trained on data up until December
2023, Context window 128000 tokens). To
examine how closely the LLM chat bots
resemble expert opinions, as well as ground
truths within the field, the study utilized
contextual prompting by using four lines of
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questioning. The responses LLM chat bots
provide to these questions, address the study
aims. To be more specific, one question (Q1)
deals with the first study aim (Al), another
question (Q2) addresses the second (A2), and
two more questions (Q3, Q4) deal with the
third (A3). To ensure objectivity of the
findings, research was conducted on the
example of two countries: one located in
southern Europe (Republic of Serbia ), and
one located in central Europe (Republic of
Poland). The study compared LLM chat bot
responses to data from field legislative in two
countries, as well as National Typology of
Kindergartens in Serbia (Popovi¢ et al. 2018),
Polish Building Typology (Polish National
Energy Conservation Agency 2012) and
Typology Approaches for Non-Residential
Buildings in Five European Countries (Stein
et al. 2012). Given that the studied countries
have different geographical, historical, and
cultural preferences, building sectors may be
considered relatively distinct.

The order (Q/A) and content (italic text)
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of the questions used in the study were as
following:

Q1/Al: How many discrete construction
periods of educational buildings can be
identified in Serbia/Poland since 1918? Base
your response on factors such are
architectural design, regulatory changes and
turning points in the advancement of
technical and technological capacities in
construction!

Q2/A2: List the legal acts that govern
building thermal performance for each of the
construction periods!

Q3/A3: Quantify the U-values of the
public building's exterior walls for each
construction period!

Q4/A3: Quantify the U-values of the
fenestration elements for each construction
period!

Construction periods:
Assessed by:
[] Architects

GPT-3.5

GPT-4

1 m m w v VI

Construction period

Figure 1. Comparing LLM chat bot performance to architect opinions in classifying CPs:
a) Republic of Serbia, b) Republic of Poland
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3. Results and discussion

3.1. Matching expert opinions when
classifying building construction periods

To avoid unobjective comparisons based
on the number of LLM chat bots available
tokens, the study examines only factual
details of their responses, describing built
periods (year spans), legal acts (act titles and
issue years), and thermal characteristics of
building envelopes (U values of external
walls and fenestrations elements). To answer
the Al aim, the study examined LLM chat bot
responses when prompted Q1 (Fig. 1). As a
result, GPT-3.5 proved capable of accurately
resembling the opinions of architects on the
number of distinctive CPs (Fig. 1). However,
the time spans of the CPs do not entirely
match those assessed by architects (Popovié
et al., 2018). In both countries, only the time
span of the first CP (1918-1945: as assessed
by architects) was entirely matched by chat
bots. Even more, due to the devastating
consequences of World War 2, GPT-3.5 and
GPT-4 either left a period gap from 1939 to
1945 (Republic of Serbia, Fig. 1a), or
identified the gap as a sub-period when the
construction and renovation of buildings was
carried out below the typical standards of the
time (Republic of Poland, Fig. 1b). Regarding
the Il CP of the Republic of Serbia, GPT chat
bots estimated it lasted approximately twice
as long as assessed by architects
(GPT3.5/GPT-4: 46 years; architects: 24
years). In these estimates, the LLM chat bots
combined Il and 111 CPs into one, matching
the span of the last period as assessed by
architects (GPT-4), or subdividing it into two
separate periods (GPT-3.5).

As for the CPs of educational buildings
in Poland (Fig. 1b), GPT-3.5 provided the
same number of periods as the expert
literature (Stein et al. 2012), matching the
time spans relatively fairly. The threshold
between the post-war CPs was shifted by four
years compared to the threshold assessed by
the architects. These discrepancies can be
considered negligible, particularly as they

pertain to period prolongations. In addition,
building typology experts emphasize that the
thresholds they have adopted are not strict, as
there are educational buildings whose
construction began in one period and ended in
another (Polish National Energy
Conservation Agency 2012). Having this in
mind, GPT-3.5 can be considered capable of
resembling  architects’  opinions  on
educational building typology in Poland. On
the other hand, GPT-4 provided two CPs
more than the architects, subdividing the 11
CP (four decades long) into three distinct
periods: one spanning two decades, and two
lasting a decade each. Although this does not
resemble architects’ assessments, it should
not be misinterpreted as a lack of GPT-4
assessment accuracy, but rather a more
detailed subclassification within the existing
CP.

3.2. Recommending legal acts that govern
building thermal performance

To investigate Al factual knowledge in
the field's legislative (A2), LLM chat bots
were prompted with additional question (Q2).
To make the comparison clear, Tab. 1 and
Tab. 2 list legal acts valid in each of the CPs
in the Republic of Serbia (Gordi¢ et al. 2018;
Ministry of Construction Transport and
Infrastructure of the Republic of Serbia 2018)
and the Republic of Poland (Polish
Committee for Standardization 1974; Polish
National Energy Conservation Agency 2012),
respectively, as well as corresponding
suggestions provided by each of the chat bots.
The suggestions made were marked: v if true,
and: x if false (the acts was not found in the
official gazette archive). If the suggestion was
found to be true, a reference was provided. To
supplement the list of legal acts used in
national typologoies, authors added acts
enacted upon the time the typologies was
published. When responding, LLM chat bots
correctly stated that prior to 1945, there were
no legal acts regulating the thermal properties
of buildings on the territory of the modern-
day Republic of Serbia (Tab. 1). For the
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following period (1945-1989), GPT-3.5
claimed that the field was regulated by the
Legal Act#1b (Tab. 1), which does not appear
in the Official Gazette archive. On the plus
side, the chat bot pointed out that the
proposed law did not specifically address
building thermal performance. Going further,
the chat bot continued to hallucinate by
suggesting Legal Act #2b as the law
governing the filed from 1989 — 2004, despite
the fact that the suggested law did not directly
regulate the field and was enacted five years
upon the CP ended (Government of the
Republic of Serbia 2008). From the beginning
of the 2000s, the chat bot suggests more
legislation (Legal Act #3b, Legal Act #4b,
Legal Act #5b) than before, but none of them
successfully resembled the titles of those
existing. In this context, Legal Act #3b was an
incomplete title for the Legal Act #6a draft
proposed ten years later than suggested, Legal
Act #4b referred to a document as Technical
Regulations rather than Regulation (Legal Act
#4a) mismatching the enactment date by a
year, and Legal Act #5b did not appear in the
official gazette archive. Regarding GPT-4, it
did not recommend legislation before 1990,
and those suggested after 1990 did not
provide an exact year of legislation enactment
rather just period (2000s). As a consequence,
the chat bot responses were less precise than
they could have been, but they were also less
likely to be hallucinations. Of the three
proposed documents, the title of Legal Act
#2c came closest to the title of the actual
document (Legal Act #4a), mismatching the
Rulebook for Regulation. As for the other
proposed documents, GPT-4 made similar
mistakes as GPT-3.5: Legal Act #1c refers to
the draft of Legal Act #4a instead of the
document that entered into force, while Legal
Act #3c does not exist in offizial gazete
archive.

In the case of the Republic of Poland
(Tab. 2), both GPT-3.5 and GPT-4 stated
correctly that no legal acts governed the
thermal performance of buildings prior to
1945. For the period until 1989, GPT-3.5
suggested Legal Act #1e —which did not refer

to building thermal properties as to
construction details. GPT-4 incorrectly stated
that the period 1956-1980 was unregulated by
legal acts, despite the fact that Legal Act #2d
and Legal Act #3d were in force. In contrast
to the scenario in the Republic of Serbia, the
legislation referenced by GPT-3.5 regarding
the Republic of Poland was in place. Going to
the current CP (2000s), GPT-3.5 suggestions
became more relevant, as they better matched
the domain of building thermal regulations
than before. The same can be applied to the
GPT-4 suggestions. Although GPT-4 cited
more legislation in the field than GPT-3.5
(two instances versus one), GPT-3.5 provided
useful insights by indicating the existence of
additional regulations and guidelines issued
by the ministries, such as Legal Act #6d, as
well as amendments to the Legal Act #3e. The
latter suggestion was not as relevant as former
as it was not closely related to the domain of
thermal regulation.

3.3. Comprehending period-specific
details of building thermal envelopes

Aside from examining LLM chat bot
potentials to recommend appropriate field
legislation, the study looked into
opportunities for Al to accurately
characterize educational building thermal
envelopes. In particular, this refers to the
proper description of envelope characteristics
(such as external walls U-values and
fenestration U-values) over different CPs.
This details are of particular importance in
assessing building energy consumption
(Jurisevi¢, Gordi¢, and Vukiéevi¢ 2021). To
address the A3 aim, the study examined LLM
chat bot responses when prompted Q3 and
Q4. The chat bot responses to Q3 are
represented in Fig. 2, Tab. 3, and Tab. 4.
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Table 1. Actual legislation governing building thermal performance in Serbia, and LLM chat bot outputs (x indicates halicunated legal acts, v’ indicates correct
answer).

Assessed by Architects Assessed by GPT-3.5 Assessed by GPT-4
Construction Construction Construction
period Legal Acts period Legal Acts period Legal Acts
(ground truth) (predicted) (predicted)
1918-1941 o . 1918-1939 1918-1939 | Period without thermal
| Period without thermal regulations Period without thermal regulations v requlations v
1941-1945 1939-1945 1939-1945 9
Legal Act #1a: Regulation on Technical Measures
and Condition-s for Thermal Protection of
I} 1946-1971 Buildings (1970) (Government of Socialist Federal Legal Act #1b: Socialist Federal 1945-1956
Republic of Yugoslavia 1970) Republic of Yugoslavia (SFRY) There might have been early
1045-1989 Building Act (1965) x forms of egulations v
Legal Act #2a: JUS U.J5.600 - Heat in civil ifically f don th | ! e
m | 1971-1990 engineering — Requirements for design and not specifically focused on thermal 1956-1980 | (regulations not specified)
manufacturing of buildings (1980) (Institute for performance v/
Standardization of Yugoslavia 1980)
1980-1989
Legal Act #3a: JUS U.J5.600:1987 SRPSU . Legal Act #2b: Law on Planning and i
U.J5.600:1998 Heat in civil engineering — 1989-2004 Construction (1994) x 1990-2000
1991-2011 Requirements for design and manufacturing of
buildings (Institute for Standardization of Serbia
igg% Institute for Standardization of Yugoslavia Legal Act #1c: Energy
o Efficiency Act (2000s) x
Legal Act #4a: Rulebook on Energy Eff. of Legal Act #3b: Energy Efficiency Law . .
Buildings (2011) (Government of the Republic of (2004) x Legal Act #2c: Regulation on
\Y Serbia 2011) Energy Efficiency of Buildings
2000 Legal Act #4b: Technical Regulation on 2000 (2000s) X
Legal Act #5a: Rulebook on Conditions, s Energy Efficiency of Buildings (2010) )
2012 - Content and Manner of Issuing Energy X Legal Act #3c: Building Codes
Performance Certificate Of Buildings (2012) Legal Act #5b: Revised Building Act and Standards (2000s) x
(Government of the Republic of Serbia 2012) (2019) x
Legal Act #6a: The Law on Energy Efficiency and
Rational Use of Energy (2021) (Government of the
Republic of Serbia 2021)
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Table 2. Actual legislation governing building thermal performance in Poland, and LLM chat bot outputs (x indicates halicunated legal acts, v/
indicates correct answer).

Legal Act #7d: The Act of supporting thermos
modernisation and renovation (2008) (The
Government of Poland 2008b)

Specific regulations and guidelines issued by
the Ministry of Infrastructure, Construction,

and Spatial Planning v/

Assessed by Architects Assessed by GPT-3.5 Assessed by GPT-4
Construction Legal Acts Construction Legal Acts Construction Legal Acts
eriod period period
No specific acts focused on building thermal
o 1918-1939 performances. Thermal performances 1918-1939 N +fic lecal ; . h
| [1918-1945| Legal Act #1d: Building Code influenced by construction standards. v o specific legal acts ocus.mg on the
thermal performance of buildings v
1939-1945 No legal acts v/ 1939-1945
Legal Act #2d: PN-64/B-03404: Heat transfer 1945-1956
coefficients k for building partitions (1964)
(Polish Committee for Standardization 1964)
Legal Act #3d: PN-74/B-03404: Heat transfer v
1ope| Coefficient k for building partitions (1974) Legal Act #le: Building Law (1961) No specific legal acts focusing on the
II|1946-1985 (Polish Committee for Standardization 1974) (Counc_il of Ministers, C_hairman of the 1956-1980 th r£ II ! i ?m 0 fbu illd?n v
Legal Act #4d: PN-82/B-02020: Thermal 1945-1989 | Committee of Construction 1961) erimet performance ot bulidings
insulation of buildings. Requirements and Norms and standards issued by state agencies
calculations (1982) (Polish Committee for v
Standardization 1982)
Legislation on building energy efficiency
1980-1989 and thermal performance was not
developed x
!—eg?lt_ACt #?g: _EN'QM;'ZOQZO: Tflermz;ljl Legal Act #1f:: Building Law (1994) v/
: insulation of buildings. Requirements an . Ministry of Spatial Planning and
I11'11986-20001 02\ cutations (1991) (Polish Committee for Amendments to the Building Law of 1961 v/ E:orzsltrug/tion 1p9911) "
Standardization 1991 - X .
) 1989-2004 | Legal Act #2e: Building Law (1994) v/ 1990-2000 | | egal Act #2f: Energy Efficiency Act
(Ministry of Spatial Planning and Construction (1994) v/ (Ministry of Agriculture and
1994) Food Economy 1994)
— Legal Act #3f: Regulation on the
Legal Act #6d: The Decree on technical Amendments to the Building Law of 1994 v Technical Conditions to be Met by
requirements which buildings and their location Legal Act #3e: Energy Performance of Buildings and their Location (2002) v/
7h]gult: coTplyz\évagh ﬁ(_)o_lt 201?3 (fMlTstrg' of Buildings Directive (EPBD) v (The (The Government of Poland 2008a)
nirastructure » Ministry ot Intrastructure European Parlament and the Council of 2000s - .
IV} 2000 - | construction and Maritime Economy 2013) 2000s European Union 2010) present Legal Act #4f: Energy Performance of

Buildings Directive (EPBD) (2010,

2018) v/ (The European Parlament and
the Council of European Union 2010)
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In the case of the Republic of Serbia (Fig. 2a),
GPT-3.5 indicates poorer  thermal
characteristics of external walls than actual,
except when assessing thermal envelope of
the second CP (1945-1990) (Tab. 3). GPT-4
suggested two to three times higher mean U-
value for all the CPs. Both LLM caht bots
showed a decreasing trend in the mean U-

a Dus

[ Real

Assessed by:
GPT-3.5
GPT-4 Turho

15

Fxienal vealls -value [W/neK]

03

ez

value from the beginning to the end of the
period. To create this trend, chat bots
significantly overestimated the mean U-value
of the first CP (GPT-3.5 by 70%, GPT-4 by
180%), which was actually one-third lower
than the U-value of the Il CP, and by 16%
lower than in the 111 CP.

=2
_—

Data:
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Assessed by

GPT-3.5
GPT-4 Turbe
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0
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Figure 2. Actual U-values of exterior walls of educational buildings and appropriate LLM chat bot
assessments: a) Republic of Serbia, b) Republic of Poland

Table 3. Details of external wall U-values of educational buildings in the Republic of Serbia, real and LLM

chat bot assessment comparison

Real data (Gordi¢ et al. 20138;
Ministry of Construction
Transport and Infrastructure of GPT-3.5 GPT-4
the Republic of Serbia 2018)
U-value U-value U-value
cP [W/m2K] cp [W/m2K] cp [W/m2K]
Mean + STD Mean + STD Mean + STD
1918-1941 1918-1941 1918-1941
' [toar1eas | 88085 [Trogiioas | 190071 [Tioarqgss] 25407
1 1946-1971 1.43+0.28
m 1971-1990 1.0540.63 1945-1991 1.0£0.71 | 1945-1991| 2.040.71
1991-2011 | 025:014 |-391-2000 | 0.520.35
v 2000s 0.3540.21 1992 - 0.35+0.21
2012 - 0.16 T

In Polish national typologies this study used
(Polish  National Energy Conservation
Agency, 2012; Stein et al., 2012), there is no
data describing the thermal properties of
exterior walls in before 1941 (Fig. 2b, Tab. 4).
The LLM chat bots correctly identified a
decreasing trend of mean U-values from the
beginning to the end of the investigated
period. As for the assessments made in the

case of the Republic of Serbia, GPT-3.5
underestimated the mean U-value of the
external walls of Polish educational buildings
in Il CP (by 22%), while it has it slightly
overestimated in Il and IV CPs. GPT-4
overestimated the mean U-values in Il and 111
CPs (22-36% in 11 and 38-55% in I11) while it
has perfectly match the value of 1V CP.

N. Jurisevié, R. Kowalik, D. Gordié, A. Novakovié
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Table 4. Details of external wall U-values of educational buildings in the Republic of Poland, real and
LLM chat bot assessment comparison
Real data (Polish National

Energy Conservation Agency GPT-3.5 GPT-4
2012; Stein et al. 2012)
U-value U-value U-value
CP [W/m2K] CP [W/m2K] CP [W/m2K]
Mean = STD Mean + STD Mean = STD

1018-1939 | 2.25+1.06 | 1918-1939 | 2.25:0.35
19391945 | 1.75#0.35 | 19451955 | 2052035

I |1918-1945

I 1946-1985 | 1282017 | 1545 1989 | 1.7541.06

1956-1989 1.75+0.35

IIl | 1986-2000|  0.65:0.14 1990s 1.05+0.64 1990s 0.90+0.42

\Y 2000 - 0.30 2000s 0.50+0.42 2000s - 0.23+0.11

The LLM chat bots’ responses to Q4 are value spans of the I and 111 CPs. The deviation
represented in Fig. 3, Tab. 5. and Tab. 6. In of the assessed values for the first three
the case of the Republic of Serbia (Fig. 3a, periods was ten (GPT-3.5) to thirteen times
Tab. 5), GPT-3.5 assessments mainly cover (GPT-4) greater than the actual (Tab. 5). In
the span of actual U-values of the fenestration terms of the mean U-values of the fenestration
elements through time, with the exception of elements GPT-3.5 and GPT-4 overestimated
the | CP. GPT-4 was unable to match the U- the values of the | CP by approximately 40%.

a) °
Dala:

[] Real
Asses

sedby:
4 GPT-4 Turbo

I

GPI35
4 GPT-4 Turho

value [WimK]

B

. } 7=

Windows U-value | W/m’K|

Windows U

0

0
1900 1920 1940 1960 1980 2000 2020 2040 1900 1920 1940 1960 1980 2000 2020 2040

Year Year

Figure 3. Actual U-values of educational building fenestration and appropriate LLM chat bot
assessments: a) Republic of Serbia, b) Republic of Poland

When compared to the actual data, the mean time. Both LLMs exaggerate the value in the
of the overestimated U-values was almost Il CP (GPT-3.5 by 23%, GPT-4 by 23-55%).
equally far (£2%) from the ground truth: 40% Contrary to the results obtained on the
(1 CP), 16% (11 CP), and 20% (11 CP). In the example of the Republic of Serbia, GPT-3.5
last CP, LLM chat bots assessed the mean to underestimated the mean U-value by 13%,
be lower than actual by 52% (GPT-3.5), 41% respectively. In the last CP, GPT-3.5 assessed
(GPT-4). higher mean U-values than actual (15-34%),
On the example of the Republic of Poland as well as GPT-4 (57-71%).

(Fig. 3b, Tab. 6), GPT-3.5 generally covers

the span of fenestration U-values through
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Table 5. Details of fenestration U-values of educational buildings in the Republic of Serbia, real and LLM

chat bot assessment comparison

Real data (Gordi¢ et al. 2018;
Ministry of Construction
Transport and Infrastructure of GPT-35 GPT-4
the Republic of Serbia 2018)
U-value U-value U-value
cp [W/m2K] CP [W/m2K] cpP [W/m2K]
Mean + STD Mean + STD Mean + STD
1918-1941 1918-1941 1918-1941
| [1oa1-1045 350 Toarqoas| 40141 Migziq0s5) 25%071
Il | 1946-1971 | 3.40+0.14
1945-1990 3.0£1.41 1945-1991 2.0£0.71
11 | 1971-1990 3.20+0.14
" 1991-2011 2 05+1.20 1990s 2.25+1.06 1992 - 0.3510.21
2012 - 5 05£1.20 2000s 1.15+0.49 Post-2000 1.75+£1.06

Table 6. Details of fenestration U-values of educational buildings in the Republic of Poland, real and

LLM chat bot assessment comparison

Real data (Polish National
Energy Conservation Agency
2012; Stein et al. 2012) GPT-3.5 GPT-4
(Kaczorek and Bekierski 2020;
Zyczyhska and Cholewa 2015)
U-value U-value [wyrzl;:(e]
CP [W/m2K] CcP [W/mzK] CP Mean +
Mean + STD Mean + STD -
STD
1918-1939 1918-1939
I | 1918-1945 - 1939-1945 4.0£1.41 1939-1945 0.47+0.35
0 | 1946-1985| 2.30+0.42 1945-1950 | 3.25+1.06 | 1945-1955 | 4.50+0.71
1950-1989 | 2.75+1.06 | 1956-1989 | 3.0+0.71
Il | 1986-2000)  2.30£0.42 1990s 2.0+0.71 1990s 2.05+0.64
1.75+0.07
v 2000 - 1.35+0.35 2000s 1.15+0.49 2000s - 1.10+0.42
1.15+0.35

4. Conclusion

GPT-3.5 and GPT-4 can resemble
expert  opinions  when  classifying
construction  periods of educational
buildings relatively fairly. This task was
particularly well assessed by GPT-3.5,
which distinguished CPs of countries
almost as well as architects. On the other
hand, GPT-4 was able to indicate CP
subcategories that were of time borders of
the CPs assessed by architects. This was the
case on the example of the Republic of
Poland. In terms of the field legislation
assessment, GPT chat bots performed well
in detecting periods with no specific acts
focusing on building thermal performances

(CPs prior to 1955). Following that (until
the 1990s), the chat bots started to
recommend the laws that do not exist in the
Official gazete of the Republic of Serbia.
On the example of the Republic of Poland,
GPT-3.5 and GPT-4 suggested existing
laws in the field. It was interesting that, as
opposite to the example of the Republic of
Serbia, LLM chat bots did not hallucinate,
and GPT-3.5 provided better performance
than GPT-4. This is due the fact that former
falsely claimed that there was no legislation
in the field from 1956 to 1989. It is worth
noting that LLM chat bots did not
recommend bylaws (standards, regulations)
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that contain actual rules in the field. When
dealing with thermal envelope
characteristics, GPT-3 proved to be the
most useful in determining average U-
values. GPT-3.5 indicated U-value spans
that cover actual, but the span was usually
too large to be considered particularly
useful. To sum up, studied LLM chat bots
inticate a great potential for assisting non-
experts in the field of public building
energy management. This specifically
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