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Several researchers are dealing with colour, as a basic ex-
pressive element of cinema style. Nevertheless, the diffi-
culty in analyzing a large number of images and describ-
ing their nature and characteristics in non subjective 
terms are still among the problems faced in this area.

This research presents a quantitative methodology 
that enables a systematic, objective and verifiable study 
of colour, by automatically obtaining accurate colour data 
from large amounts of images. The proposed scheme also 
allow us to find possible meanings when relating quanti-
tative information obtained to the narrative content.

In order to test its efficiency, the methodological tool 
is applied to Career Girls (Mike Leigh, 1997). As a result, 
hue is found to follow an expressive program evolving 
within the narrative content, as it is closely linked to the 
different periods present in the film.
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1.introduction

Nowadays, image analysis is required in any communi-
cation process in the field of journalism, advertising or 
media, and images are composed of a great number of 
expressive elements among which, colour stands out due 
to its high communicative possibilities.

Specifically, studying movie images colour from the 
perspective of the creators’/authors’ decisions and how 
they are printed on a film, enables access to information 
which doesn’t depend upon viewers, but stays invari-
able throughout time as the legacy of an author. Those 
decisions may indicate the presence of some descriptive 
elements that become patterns, which enable to detect a 
possible style related to one or several works. Similarly, 
those decisions may also show possible meanings con-
nected to the use of colour in one or several films. 

Numerous scholars have dealt with colour study 
(Street, 2012; Misek, 2010; Dalle Vache and Price, 2006; Bor-
dwell, 2006, 1998; Bordwell et al., 1997; Haines, 1993) basing 
their research of movie images on subjective meanings. 
But Edward Branigan (2006: 170) state that colour has no 
identity by itself but acquires meaning through its con-
sistency with other elements of the film mise en scène 
such as space, time or characters, and that it is possible 
to demonstrate those links both numerically and visually. 

One of the most innovative and effective methodolo-
gies for image analysis was proposed by Barry Salt (1992, 
2006) in his stilometry research. Later on, other scholars 
such as David Bordwell (http://www.cinemetrics.lv/bord-
well.php), Warren Buckland and Thomas Elsaesser (2002), 
Charles O’Brian (http://www.cinemetrics.lv/obrien.php) 
and Yuri Tsivan (http://www.cinemetrics.lv/tsivian.php) 
apply and develop this empirical methodology, as can be 
seen in the collective project entitled Cinemetrics. 

Salt uses statistics to obtain an average of several 
quantifiable cinema variables that depend directly upon 
the cinema director, such as shot scale, shot duration, 
camera movements, reverse angle cuts, point of view 
shots and insert shots. Although in his early research 
Salt analyzes each film as whole, years later he chooses 
a sample of the first thirty or forty minutes of each film, 
which he considers representative of the complete film. 
Then, more recently, he chooses shots susceptible to 
analysis in a sequential way throughout the film. (http://
www.cinemetrics.lv/salt.php). 

http://www.cinemetrics.lv/bordwell.php
http://www.cinemetrics.lv/bordwell.php
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This statistical-type methodology faces a specific prob-
lem when applied to the analysis of colour in films: the 
need of processing and obtaining accurate colour data 
from large amounts of images. 

Introduction and constant improvement of digital 
technology enables to obtain, in real time, substantial, 
objective quantitative data which allow a deeper under-
standing of visual data (Manovich and Douglas, 2009). In 
this regard, David M. Berry (2011) notes that digital tech-
nology is fundamentally changing research procedures, 
especially those traditional methods of analysis, and 
transforming our ability to use and understand infor-
mation in a different way from traditional knowledge 
structures.

Therefore, the important work carried out by the 
California University Department of Visual Arts research 
group led by Lev Manovich must be considered. They 
have developed certain methods and techniques – named 
Cultural Analytics – that use digital tools to create visu-
alizations that allow for the exploration and research of 
large quantities of visual material (http://lab.softwares-
tudies.com/2008/09/cultural-analytics.html). 

This research shows that it is possible to objectively 
define and measure colour in cinema, and find possible 
meanings when linking it to the narrative content. To 
do so, we present a quantitative methodological tool that 
enables to measure colour variables of a vast array of im-
ages, and to automatically obtain objective, verifiable and 
generalizable results. Moreover, with this tool it is also 
possible to show visual and numerically what the colour 
is like, its evolution throughout narrative content de-
velopment, and how it is related to other variables such 
as narrative time, specifically the different periods that 
coexist inside the film. 

In some contexts the audience can certainly perceive 
that there is a certain hue in a scene, but the description 
of that hue will be subjective and not accurate enough 
for a scientific approach. Which kind of hue? To which 
extent can we make a difference between blue and blue-
greenish (both of them subjective terms)? And how can 
you evidence in an objective way that there is a certain 
hue in a scene? This quantitative approach allows a sys-
tematic, verifiable and objective methodology that yields 
unbiased conclusions, not dependent of the watcher’s 
subjective perception.

http://lab.softwarestudies.com/2008/09/cultural-analytics.html
http://lab.softwarestudies.com/2008/09/cultural-analytics.html
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In this paper, such methodology is presented through 
its application to the analysis of Career Girls (Mike Leigh, 
1997). Hue is analyzed, along with its evolution through-
out the film and the significance it acquires when linked 
to the variable of time, or more precisely, period.

2.materials and methods

The film Carrer Girls is available on DVD. Files in this for-
mat are .m2v, which although involves a certain colour 
compression compared to celluloid, can easily be handled 
with simple software, and allows for a simple compari-
son of results with other films in the same format. 

Although nowadays the processing power of comput-
ers allow to automatically apply this methodology to each 
of the frames of a film, there is still the necessity of man-
ually choose and cut each of those frames. In the case of 
Career Girls, that means 4860 frames, so it would require 
20 times more than the 243 randomly chosen shots. 

In statistical analysis, it is quite usual to select a sub-
set of individuals from within a population to estimate 
characteristics of and describe the whole population (this 
is referred to as “inference”). This is a time-saving prac-
tice that ensures scientific general results and is widely 
used in all scientific areas.

Simple random sampling is one of the easiest unbi-
ased sampling methods; moreover it offers a sample that 
is highly representative of the population – with an a 
priori limited sampling error –, and simplifies analysis of 
statistical results. Using other sampling methods, such as 
stratified or cluster sampling, can even improve sample 
representativeness, but they require further information1 

(auxiliary variables or covariates).

2.1.sample size and sampling methods

As in any inferential statistical analysis, optimum sam-
ple size must be determined, taking into account that 
that the minimum unit in our research is each shot, and 
the film has a total number of 966 shots. Then, consider-
ing a sample error of 5.44%, the optimal sample is com-
posed of 243 shots.2

In order the 2403 shots in the sample to have a homo-
geneous distribution, the film has been divided into four 
proportional parts or quartiles, according to its duration 
in minutes: the first division (from 0 to 20 minutes) in-
cludes the first 250 shots of the sample, the second divi-
sion (from minute 21 to 41) includes from shots 251 to 500. 

1 Cf.: Smith (2001); Chambers and 
Skinner (2003).

2 As we have a finite and known uni-
verse, we follow this formula (Pérez, 
2009):

Where “n” is the optimum sample 
size; “N” is the film total number of 
shots; “Z” is the Normal distribution 
value that guarantees a 95% confi-
dence level (so Z=1.96), which is the 
probability that results obtained are 
true; “p” is the population percentage 
that has certain characteristics under 
study (as it is an unknown value, it 
is assumed that p= 0.5); and “e” is the 
considered sample error (e=0.0544), 
i.e. the maximum accepted differ-
ence between results obtained by 
sample analysis and those obtained 
if the whole film would have been 
analyzed.
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In the third division (from minute 42 to 61) are included 
shots from 501 to 750, and finally, fourth division in-
cludes from 751 to 966 shots (from minute 62 to 81). 

Then, a representative frame of each of those 243 shots 
has been randomly chosen and saved as a .tiff picture.

Afterwards, analysis of formal variables related to 
colour in each selected frame is carried out employing 
ImagePlot3 and its macro ImageMeasure, that trans-
forms images in a RGB colour model into an HSB one, and 
extract from them statistical data related to hue, among 
other variables (http://lab.softwarestudies.com/p/image-
plot.html).

2.2.measurement 

For performing the quantitative analysis, two variables 
have been considered, one related to colour and one vari-
able related to time: hue and period.

Image hue measurements are obtained from Image-
Measure on a 0 to 255 scale, but they have been classi-
fied along a scale from 0° to 360°, which coincides with 
the chromatic circle. These results were afterwards also 
transformed in a qualitative scale including six catego-
ries (red, orange-yellow, green, cyan, blue and magenta), 
according to Table 1.

Results related to hue were also included in a broader 
scale, which distinguishes between cold and warm hues, 
according to Table 2. 

The temporal variable period is related to narra-
tive time, and has been determined by observation of 
each one of the chosen shots. In this case, Career Girls is 
composed by flashbacks sequences (representing previ-
ous decades in relation to the shooting time, and labeled 
as “past”) and other related to present time (labeled as 
“present”, and in which narrative time coincides with the 
time of the shooting).

2.3.statistical methodology

Once data related to each variable is obtained, SPSS4 v.21 
software is used to perform a statistical analysis on two 
levels. The first analysis is based on descriptive statistics 
and examines the basic behavior of the colour variable, as 
well as its progress in each quartile and how it develops 
throughout the film. Quantitative variable information 
refers to mean, median, standard deviation, minimum 
and maximum; while qualitative variable information 
refers to percentages values offered by contingency tables. 

Table 1 Hue subdivision codes

Scale (grades) Hue

330° - 30° Red

31° - 90° Orange - Yellow

91° - 150° Green

151° - 210° Cyan

211° - 270° Blue

271° - 330° Magenta

Table 2 Warm and cold hue codes

Scale (grades) Hue

315° - 134° Warm Hues

135° - 314° Cold Hues

3 ImagePlot is a free software tool, 
developed by Software Studies Initia-
tive, which enables to create high 
resolution two dimensional visuali-
zations from a large quantity of im-
ages. It is implemented as a macro, 
which works with ImageJ64 (http://
rsb.info.nih.gov/ij/docs/intro.html), 
an open source image-processing 
program.

4 SPSS is a proprietary software tool, 
developed by IBM Corporation, for 
statistical analysis in social science.

http://lab.softwarestudies.com/p/imageplot.html
http://lab.softwarestudies.com/p/imageplot.html
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When the descriptive stage of analysis is complete, a 
second multivariate analysis based on inference statistics 
is performed in order to study possible links between hue 
and period, and therefore, a feasible meaning of colour. 

Since none of the quantitative variables in our study 
satisfies the assumption of normality,5,6 Kruskal-Wallis 
contrast7 is used to test if there is any relationship be-
tween the qualitative (period) and the quantitative vari-
able (hue).

3.results

In this section, results obtained from the application of 
the methodological tool are shown.8 In the first place, the 
descriptive study of hue is presented, in the second place, 
inference analysis will show if there is a relationship 
between hue and period. 

3.1.descriptive analysis

Table 3 shows that Career Girls has a mean hue of 134,70°. 
Furthermore, the highest values for hue are in the second 
and first quartile. 

With regards to hue evolution throughout the narra-
tive development in Career Girls, it grows from the first 
to the second quartile and diminishes in the other two 
consecutive quartiles in a progressive way.  

The scatterplot in Fig. 1 represents the evolution of 
average hue in each of the shots analyzed in Career Girls. 
The “X” axis is divided into four quartiles according to the 
film duration in minutes, while the “Y” axis represents 
the average hue of each shot on a 0° to 360° scale. This 
figure visually shows the film structure according to the 
hue of the shots. 

It also offers a clear pattern of the mean hue distribu-
tion, visible in all the quartiles, especially in the first and 
in the second one. The first quartile is divided into two 

5 The assumption of normality 
implies that data offer a symmetrical 
distribution with a single mode.

7 Kruskal-Wallis is a non-parametric 
test to contrasts if quantitative vari-
able behavior is the same in each one 
of the groups defined by qualitative 
variables, considering independ-
ent and more than two. (Siegel and 
Castellan, 1988: 206-215; Barreiro et. 
al. 2006: 133-136).

6 To verify this Kolmogorov-Smirnov 
tests were applied.

1st 
Quartile

2nd 
Quartile

3rd 
Quartile

4th 
Quartile

Mean

Mean 136.65 180.82 123.76 97.57 134.70

Standard Deviation 57.36 52.30 67.84 47.29 56.20

Minimum 58 61 35 40 49

Maximum 229 223 313 202 242

Table 3 Average hue quartile per-
centages

8 Due to space limitations, only a 
part of what this methodological tool 
is capable of , is shown. In a more 
extended research – which is part 
of a PhD (https://www.educacion.
gob.es/teseo/imprimirFicheroTe-
sis.do?fichero=41358) – evidence is 
presented to support the relationship 
between hue and the following vari-
ables: brightness, saturation, shot 
length, shot scale, camera move-
ment, location, exterior, interior,  
day and night and characters.
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parts: the first one is dominated by cold hues and the 
second one by warm hues; in the case of the second quar-
tile, most of the hues are cold. The third quartile could be 
also divided into two parts: the first one is dominated by 
warm hues and the second one by cold ones. Finally, the 
forth quartile is mostly dominated by warm hues, an op-
posite tendency to the second quartile. 

Table 4 shows the quartile-distribution of hue, consid-
ering the qualitative six-category scale for this variable. 

Fig. 1 Hue evolution throughout  
Career Girls

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile Shots Total Number

Orange- Yellow
no. of shots 18 7 38 32 95

percentage 18.9% 7.4% 40.0% 33.7% 39.1%

Green
no. of shots 20 4 4 10 38

percentage 52.6% 10.5% 10.5% 26.3% 15.6%

Cyan
no. of shots 23 25 27 12 87

percentage 26.4% 28.7% 31.0% 13.8% 35.8%

Blue
no. of shots 6 15 1 0 22

percentage 27.3% 68.2% 4.5% 0,0% 9.1%

Magenta
no. of shots 0 0 1 0 1

percentage 0.0% 0.0% 100.0% 0.0% 0.4%

Table 4 Hue scale quartile percentages
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The most outstanding hue in Career Girls is orange-
yellow with 39.10% of shots in the sample, followed by 
cyan with 35.80%. Green is next one with 15.60%, blue 
with 9.10%, magenta with 0.4% and red with 0%.

All the hues are present in all the quartiles with the 
exception of blue – present in three: first, second and 
third –, magenta – only present in the third one –, and 
red –not present in the sample –. Furthermore, the evolu-
tion of the different hues throughout the four quartiles 
is irregular, meaning that a behavioral pattern among 
them does not exist.

Table 5 shows the quartile-distribution of hue, consid-
ering now a binomial scale for this variable (cold-warm). 

Except for the second quartile in which warm hues 
predominate, and in the fourth one in which cold hues 
prevail, there is a balance between cold and warm hues 
in the rest of the quartiles.

3.2.relationship between hue and period

In this section the relationship between the chromatic 
variable and the time-related variable is numerically 
shown. Finding statistically significant differences be-
tween the mean hue obtained for each of the categories 
of period (“past” and “present”) implies a certain associa-
tion between both variables.

Table 6 shows that in this film, shots related to a past 
time have an average hue of 202°, while shots related to 
the present time have an average hue of 85.51°.

The Kruskal-Wallis test performed shows (sig.= 0.000) 
that hue of each of the analyzed shots is related to the 
different temporal dimensions of the film. This means 
that in Career Girls there are statistically significant dif-
ferences between present hue colour and past hue colour.

1st  
Quartile

2nd 
Quartile

3rd 
Quartile

4th 
Quartile

Shots Total 
Number

Cold 
hues

No. of shots 36 11 42 40 129

Percentage 53.7% 21.6% 59.2% 74.1% 53.1%

Warm 
hues

No. of shots 31 40 29 14 114

Percentage 46.3% 78.4% 40.8% 25.9% 46.9%

Table 5 Cold and warm hues quartile 
percentages scale quartile percentages

Table 6 Hue and period descriptive 
results

Hue (°)

Mean Min. Max.

Past 202.05 154 313

Present 85.51 35 213

Total 133.47 35 313
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4.conclusions

Conclusions obtained in this research are divided into 
those related to methodology and those concerning film 
analysis. 

With regards to the proposed methodological tool, 
it overcomes traditional analysis focused on a limited 
number of images, since it can cover a higher number of 
images. Furthermore, it offers an alternative and a com-
plement of subjective analysis to describe colour and also 
to find its possible meanings. 

Such analytical methodology enables the obtaining of 
data related to colour in a systematic, objective and veri-
fiable way, as well as its visualization from a huge vol-
ume of images. As a consequence, it allows us to describe 
and depict colour, to observe its evolution throughout the 
film, and to find possible meanings when linking it to 
the narrative content. 

Regarding conclusions about the film analysis, it is 
shown visually and numerically that, from a descriptive 
point of view, Career Girls has an average hue of 134,70°, 
which according to table 1 and 2, means that it is a green 
and warm film. Nevertheless, although Career Girls is, 
on average, a warm film, there is quite a similar propor-
tion between warm and cold hues, with 53% and 47%, 
respectively. 

Concerning hue scale present in the film, the lack of 
red is noteworthy. Then, from the lowest to the highest 
percentage, magenta shows only a 0.4%, blue a 9.1%, and 
green a 1.6% of the sample. Cyan is the next hue (35.8%), 
followed closely by orange-yellow (39.1%).

Besides, colour evolves with the narrative content of 
the film: if we take into account the beginning and the 
end of the film, it becomes warmer. Regarding colour 
meaning, and as a consequence of statistical inference, it 
is demonstrated that hue is closely related to the differ-
ent periods present in the film, as it is possible to asso-
ciate flashbacks with an average hue of 202° (cyan and 
cold), while those sequences related to the present have 
an average hue of 85.51° (orange-yellow and warm). 

The described statistical methodology yields unbiased 
objective results that are basic for the explanation of how 
period (past and present) is connected to hue, and that´s 
a meaning for colour: blue means past and orange-yel-
low, present.
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The methodological proposal can be applied to dif-
ferent fields such as art history, design, photography or 
cinematography, as directions of further research. In the 
field of cinematography, it allows for the study of the 
relationship between several chromatic variables (such 
as hue, brightness and saturation) and other narrative 
content variables (such as characters, space and time) in 
any film. 
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