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ABSTRACT: A new method to characterize the degree of fire damage to gypsum wallboard is introduced, implemented, and tested to deter-
mine the efficacy of its application among novices. The method was evaluated by comparing degree of fire damage assessments of novices with
and without the method. Thirty-nine “novice” raters assessed damage to a gypsum wallboard surface, completing 66 ratings, first without the
method, and then again using the method. The inter-rater reliability was evaluated for ratings of damage without and with the method. For nov-
ice fire investigators rating degree of damage without the aid of the method, ICC(1,2) = 0.277 with 95% CI (0.211, 0.365), and with the
method, ICC(2,1) = 0.593 with 95% CI (0.509, 0.684). Results indicate that the raters were more reliable in their analysis of the degree of fire
damage when using the method, which support the use of standardized processes to decrease the variability in data collection and interpreta-
tion.
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Fire investigators use visible observations of fire damage
(damage indicators) as their principal means of determining a
fire’s area of origin (1–6). Some fire investigators have histori-
cally used, and in some cases continue to use, these damage
indicators as a mechanism by which decisions are made to
explain the physical evidence presented without necessarily hav-
ing a good understanding of the underlying causative fire
dynamics. This may have contributed to the promulgation of
several myths within the profession (1). Within the past decade,
increased scrutiny of the fire investigation profession has been
made public through the United States media reporting on sev-
eral miscarriages of justice due to myths and the lack of stan-
dardized procedures used in the past (1,2). Sadly, in many areas
of the United States, these procedures and prolific use of the
myths continue. Over the past decade, momentum has increased
within the fire investigation profession to move away from this
indexed list of explanations and move toward the use of discrete
damage indicators in an attempt to understand the dynamics of
how the fire developed and caused the resulting damage (1).
Fire and arson investigation is possibly one of the most com-

plicated facets of the forensic sciences, due to the end result
being frequently path independent. Identical or nearly identical
damage indicators may result from different fire scenarios lead-

ing to a multitude of plausible hypotheses, meaning that multiple
paths of the fire could result in similar damage. As such, it
would be expected that there are processes and limitations estab-
lished to assist with the identification of varying degrees of dam-
age remaining after a fire and the link that degree of damage has
to the origin of the fire. Currently, however, no process or meth-
odology exists that permits an objective or uniform identification
of varying levels of fire damage. Many fire investigation reports,
textbooks, and standards inconsistently report degrees of dam-
age, using a wide range of vague modifiers, such as greater, les-
ser, heavy, light, major, moderate, minor, severe, and large, in
an attempt to distinguish between levels of damage that they
observe and are trying to convey (1–6). The absence of a formal
process combined with the use of vague modifiers when report-
ing on data that serves as the principal support for an investiga-
tor’s conclusions results in several major problems. These
include unpredictable conclusions, inter-rater and intrarater reli-
ability issues, and validity issues (7,8). Such factors can be seen
as shortcomings to admissibility standards of scientific evidence
as laid out in Daubert v. Merell Dow Pharmaceuticals (9) in the
United States and R v. Mohan (10) in Canada.
To address these concerns, this study involves the develop-

ment of a structured methodology, which can be used to guide
identification and characterization of damage indicators. Devel-
opment of the method is aligned with recommendations from the
National Academy of Science review of forensic sciences in the
United States, to establish standard terminology and undertake
research that address issues of reliability and validity in forensic
science (11). Both of these recommendations are fundamental to
assist the fire investigation profession. Other forensic science
and engineering disciplines (12,13) have benefited significantly
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from developing clear parameters for identification purposes and
standardizing their lexicon, which in turn has permitted a deeper
evaluation of their respective forensic science and allowed for
integration of advancements in technology.
This paper discusses the development of a degree of fire dam-

age method to characterize gypsum wallboard damage and the
evaluation of the inter-rater reliability without and with the
application of this method. Gypsum wallboard consists of a core
of gypsum (calcium sulfate dihydrate) sandwiched between two
thick paper facers (14). Gypsum wallboard has a predictable
response to heat and its uniformity in production allow it to be
used as a reliable indicator of heat exposure for postfire analysis
(1,17). There are several effects that may occur to gypsum wall-
board when exposed to heat and fire conditions, including color
changes, soot deposition, texture changes, charred paper, con-
sumed paper, and clean burn (soot is not observed postfire and
appears to have been consumed). Additionally, when gypsum
wallboard is exposed to heat, it will undergo a dehydration of
chemically bound water, known as calcination, leaving a fragile
material in its place (14,17).

Methods

Within this article, four distinct activities are discussed: (i) the
development of a degree of fire damage scale, (ii) methodology
to apply the scale, (iii) a study of the method as applied by nov-
ices, and (iv) statistical analysis to evaluate the method’s effec-
tiveness.

Measures

Typically, fire investigators look at the face of all surface lin-
ings after a fire and make visible determinations of the varying
degree of fire damage (DOFD). Gypsum wallboard-lined walls
and ceilings are one of the most common lining materials uti-
lized in residential and commercial construction. As such, gyp-
sum wallboard will serve as the most beneficial material to
begin the development of a method to objectively characterize
the DOFD and will be the focus of this study.
As a first step, a DOFD scale was developed as a ranking sys-

tem to reflect the varying degrees of visible fire damage to gyp-
sum wallboard based on its response to heat exposure and
visible damage indicators (VDI). The VDI and their respective
varying degrees of damage were compiled from the literature,
drawing from the many texts and research studies that detail the
impact of heating to gypsum wallboard (14,17). Next, a scale
ranging from 0 to 6 was developed for assigning a DOFD, with
0 indicating no visible damage and 6 indicating complete con-
sumption. Each level within the scale was based on a set of
VDIs outlined by the literature review. These VDIs were
detailed within each level to characterize the DOFD. The VDIs
included color and texture differences. Selected images of the
VDI for each level were also provided with the DOFD scale to
serve as examples to assist with the analysis (Table 1 and
Fig. 1).
A method of characterizing fire damage observed along gyp-

sum wallboard-lined surfaces was developed from combining the
ranking scale, example images, description of damage indicators,
and instructions on how to apply the method (Table 1). To iden-
tify varying DOFD along larger surfaces, it is necessary to
increase the resolution through the use of a grid system. As
such, the user is instructed to establish an appropriate grid size
for the surface being evaluated. The user would then evaluate

each grid space and characterize the damage within that space.
The method further instructed the user to use the example
images and damage indicators to characterize the damage
observed. Additional instructions were provided to clarify those
potential areas of difficulty in ranking. These instructions indi-
cated that the user should be conservative and select the degree
of damage with the lower value in the event that the grid space

TABLE 1––Method of characterizing degree of fire damage along Gypsum
wallboard-lined surfaces.

Degree
of Fire
Damage
(DOFD) Visible Damage Indicator Description (VDI)

Selected Images
of Visible Damage

Indicators
(corresponding

to Fig. 1)

0 No visible damage: these areas are noted
by their original surface color (white
if unpainted; painted surface color)

1 Soot deposited on surface: these areas
are noted by discoloration of the original
surface color; but the facing paper is
still present

2 Discoloration of facing paper and loss
of paint: these are locations of the
gypsum wallboard surface that have
discolored due to thermal effects, the
paper can be brownish, light black, or
dark black in color; Or variations in
color depending on original paint color

3 Paper is beginning to peel, bubble,
and flake: the paper has been penetrated
and the gypsum wallboard is exposed

4 The paper has been consumed: these
areas are typically gray or white in color

5 Clean burn: near complete consumption
of paper and soot accompanied by a
white/bluish color

6 Complete consumption: complete loss
of integrity and mass of the gypsum
wallboard

N/A Damage cannot be determined due to
a suppression or unknown causes

FIG. 1––Photograph from which selected images of visible damage indica-
tors was chosen for use with the DOFD Method.
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had two varying degrees of damage of equivalent areas (i.e., if a
grid space is half soot covered and half no damage, then the user
should select no damage for this grid space). Furthermore,
instructions were provided that if the grid space includes a seam
in the drywall that had been covered with drywall tape and fin-
ishing compound, then the participant should determine the most
prevalent degree of damage for the gypsum wallboard and
ignore the effects of the tape.

Study Design and Sample

To test the reliability of the proposed method, participants
(novices) were asked to complete a characterization exercise of a
color photograph of a fire damaged gypsum wallboard-lined wall
first without the method and then again with the method.
Volunteers were asked to participate as novices applying the

method in the study. The participants included 39 undergraduate
students in their first course in fire investigation with no formal
training or practical experience. Although this was not a random
sample, the participants were reasonably representative of typical
novices. A single color photograph of a wall damaged from
exposure to known fire conditions was chosen for this series of
observational tests. An alphanumeric grid was superimposed on
the photograph; the columns of the grid were labeled A-K begin-
ning at the left edge of the image, while the rows were labeled
1–6 beginning at the top of the image (Fig. 1). Each of the 66
individual grid spaces encompassed an area of c. 0.14 m2

(0.375 9 0.375 m) (Fig. 2).

Procedures

Each of the 39 novice participants was supplied with the pho-
tograph and 66-grid overlay. First, they were asked to rank the
most prevalent damage for each grid space based on a scale
from 0–6, with 0 indicating no damage and 6 indicating com-
plete consumption. The novice participants performed this first
analysis without any methodology and were expected to assign
varying degrees of fire damage on their own (as investigators
typically do in the field). Next, the participants were provided
the same photograph and 66-grid overlay and were asked to pro-
vide a rating of 0–6 of the most prevalent degree of damage for
each grid space using the degree of fire damage method
(Table 1). They were instructed to carefully read through the
method and use it as a reference when identifying damage
within a grid space of the photograph.

Ratings from participants were collected electronically using
Qualtrics survey software (15). This platform provided the par-
ticipants with a simple method to record the damage rating for
each of the 66 grid spaces by utilizing a dropdown selection
menu containing only the values 0–6. The participants were able
to return to grid spaces throughout each study and correct errant
values. However, once the study was submitted, they were no
longer able to access their answers. The participants were not
permitted to talk to each other as they performed the study. Due
to the relatively large number of cells being evaluated, partici-
pant fatigue was a concern. An attention verification question
was asked in the middle of the survey to ensure that participants
were actively engaged in selecting answers and not haphazardly
choosing values. Three participants and their results were
excluded for failing the attention validation test.

Data Analysis

To assess the reliability of the DOFD method among partici-
pants, the intraclass correlation coefficient (ICC) was calculated
for the 39 participants. The ICC is a descriptive statistic that
quantitatively estimates rater reliability on a scale from 0 to 1
with a higher value indicating stronger agreement between raters.
Specifically, ICC (2,1) was selected as each participant rated
each of the 66 grid spaces, and absolute agreement was chosen
to account for systematic error due to the relatively small sample
size (16). Strength of agreement was interpreted according to the
following scale to maintain nomenclature consistent with other
reliability measures (18):

ICC(2,1) Strength of Agreement

<0.40 Poor
0.40–0.75 Fair to good
>0.75 Excellent

Finally, a paired t-test was conducted to determine whether
there was a difference in mean overall damage ratings for nov-
ices without and with the method. ICCs were calculated using
SPSS version 19 for Windows (19); all t-tests were performed
using SAS version 9.2 (20). A significance level of a = 0.05
was used throughout.

Results

For novice fire investigators rating degree of damage without
the aid of the DOFD method, ICC(2,1) = 0.277 with 95% CI
(0.211, 0.365). This relatively small ICC value indicates high
variability in ratings and poor agreement among participants. For
novice ratings making use of the DOFD method, ICC
(2,1) = 0.593 with 95% CI (0.509, 0.684), indicating fair to
good agreement among participants.
The mean damage rating for novices without the DOFD

method was 3.32 (SD = 0.54), while the mean rating with the
DOFD method was 3.57 (SD = 0.34). It is interesting to note
that the mean value of damage significantly increased with the
use of the DOFD method (t = 3.52, p = 0.001), despite the
instructions to be conservative in ranking damage (Fig. 3).

Discussion

As the ICC increases from 0.277 to 0.593 for novices with-
out and with the DOFD method, respectively, the agreementFIG. 2––Photograph of damaged wall with superimposed grid.
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among raters is increasing and the variability in their ratings is
decreasing. This decrease in variability of the novice’s ratings
with the method illustrates the reliability of the DOFD
method.
The simple DOFD method presented in this study has been

shown to decrease the variability among novices and increases
the reliability in ranking fire damage to gypsum wallboard.
Even though this study has shown a reduction in variability in

the degree of fire damage among novices, it is interesting to
determine whether these results are similar to that of expert prac-
titioners. Due to time constraints, a limited convenience sample
of four expert fire investigators was used to rate the degree of
fire damage using the method. The expert ratings had almost no
variability (mean overall damage rating for the experts was 3.62;
SD = 0.04). It is interesting to note that novices had an overall
damage rating of 3.32 without the method, which increased to
3.57 with the method. This trend, despite the limited expert sam-
ple, may indicate that novices when using the method are rating
damage similarly to the expert practitioners. Further testing will
need to be conducted with expert practitioners to further evaluate
this trend.
The DOFD method will need to be further tested against a

variety of fire damaged gypsum wallboard-lined walls with vari-
ous paint schemes to further evaluate its reliability and consis-
tency.

Conclusion

A new method is presented for characterizing the degree of
fire damage to gypsum wallboard-lined surfaces. Thirty-nine
independent “novice” raters performed a visual analysis of dam-
age to a wall surface, completing 66 ratings first without the

degree of fire damage method and second, repeated rating with
the DOFD method. The inter-rater reliability was evaluated for
ratings of damage without and with the method. The results indi-
cate that the novice raters were more reliable in their analysis of
the degree of fire damage to gypsum wallboard when using the
DOFD method. These results support the use of standardized
processes to decrease the variability in data collection and inter-
pretation.
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FIG. 3––Change in overall “novice” rating without method (left) to with
DOFD method (right), illustrating decrease in variance.
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