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Allowing biased 
experimenting leads to 

improved pupil learning: 
a useful paradox

Michael Allen

Tapping pupil emotion can assist recall during written tests

ABSTRACT
History recounts disquieting stories of scientists 
committing profound methodological or 
observational errors because of strong affinities 
towards a favoured conclusion. A quantitative 
study is described (n = 158) where pupils 
were encouraged to make similarly biased 
experimental errors in the hope of stimulating 
emotional responses, grabbing attention and 
thus enhancing engagement with the science. 
Learning gains exhibited by the treatment 
group, in the form of misconception refutation, 
were significantly higher than those of the 
control, persisting three years after the initial 
lesson. In addition, frequency and intensity of 
emotion were associated with improvements in 
learning. Findings are discussed in relation to 
the importance of accessing pupils’ emotions 
during science lessons, and represent a 
continuation of work described in a previous 
School Science Review article.

Flawed scientific observation
During the mid-1890s the American astronomer 
Percival Lowell made observations of the planet Mars 
using a state-of-the-art 24-inch refracting telescope. 
He reported seeing huge, regular, geometric lines on 
the planet’s surface (‘canals’), and concluded them 
to be the work of a highly advanced, intelligent race 
(Figure 1). Lowell further speculated that the Martians 
were dying, needing irrigation on an immense scale 
in order to bring water from the frozen poles to the 
dry interior (Lowell, 1908). This was widely reported 
at the time and the public excitement it generated 
helped to spawn science fiction works such as H. G. 
Wells’s War of the Worlds (Wells, 1898).

Many contemporary astronomers of high 
standing from around the world confirmed these 
observations, though others were simply unable to 
see them, and it was implied at the time that those 
who were unsuccessful lacked skill at observation. 
The canals could not be picked up on photographs, 
and it was suggested that only the human eye and 
not a mere camera [sic] was able to perceive them 
during brief instants of atmospheric clarity.

Of course, subsequent satellite images have 
never shown any trace of Lowell’s geometric 
canals, only vague and irregular lines that are 
now thought to be the work of natural geological 
processes, though we still call them ‘canals’ (Figure 
2). This begs the question – why did a succession 
of reputable academic astronomers make such 
profound errors in pattern recognition? There are 
three possible answers. Firstly, the ‘stakes were 
high’ – confirmation of sentient life on Mars would 
have been a discovery of unimaginable importance, 
so the desire to collect data to support this inference 
influenced what astronomers reported they saw, 
whether they honestly believed that they saw the 
canals or were merely making it up. Secondly, many 
astronomers went along with a general consensus, 
jumping on board a fashionable bandwagon – to not 
be able to see the canals was judged by a faction of 
academia as professional failure. Lastly, observations 
were being made at the limit of human perceptual 
resolution – the astronomers were looking at dim, 
blurred images through the combined veils of Terran 
and Martian atmospheres, and so a clear, complete 
view of the surface of Mars was not possible – there 
were gaps in the field of view. These gaps were 
evidently filled in creatively by some astronomers, 
resulting in the (desired) geometric canals being 
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reported. This phenomenon is known in psychology 
as ‘perceptual completion’ (Pessoa, Thompson and 

Noë, 1998) and, for instance, is a reason for the 
diverse reports obtained during diagnostic tests 
using inkblot pictures.

A similar and more recent episode of erroneous 
scientific observation is the infamous cold-fusion 
debacle of 1989. Fleischmann and Pons, working 
at the University of Utah, made the astounding 
claim that they had observed a variant of nuclear 
fusion using simple, tabletop apparatus at room 
temperature. If the phenomenon were found to be 
true it held enormous implications for the future 
generation of the world’s energy. Many scientists 
were sceptical, since fusion had only been thought 
possible using extremely high temperatures (50 
million °C) or high-energy particle accelerators. 
As in the Mars story, some scientists managed to 
make similar, confirming observations, though the 
scientific community as a whole rejected the claims, 
citing experimental error as an explanation for the 
findings. Because of the ramifications of a possible 
positive result, did Fleischmann and Pons allow 
their expectations to unconsciously influence their 
experimental set-up and observations? Or did they 
cheat? (They took a newspaper to court for libel after 
being labelled scientific fraudsters. Close, 1990.)

The aim of a science lesson I taught a couple of 
years ago was for pupils to determine which was the 
heavier of two beakers holding equal volumes of a 
different liquid – one contained saltwater, the other, 
distilled water, in order to find out if a dissolved 
solute had any effect on the total mass of a solution. 
When asked to use the electronic balance to measure 
the masses, Leanne (12 years old) declared that this 
was not necessary, as she already knew the saltwater 
beaker was the heavier. Holding each beaker in either 
hand, she stated, 

I can tell by the weight.

The 5 g of salt in the saltwater beaker contributed 
only 3% towards the total mass of the system, and 
the mass difference between the two beakers was 
too small to be within the limits of human perceptual 
abilities. (The threshold for perceiving mass differ-
ences lies at around 10%. Gordon, 1989.) When I 
asked how certain she was about this observation, 
she responded,

I’m really sure – I felt my arm starting to drop 
because of the extra weight.

Most of the class had recorded the same result as 
Leanne.

Similar themes run through these three stories of 
scientific error:

Figure 1   Martian canals as depicted by Lowell. 
Later observers would produce more detailed 
drawings that incorporated a specific nomenclature 
for canal types, and even parallel double canals.

Figure 2   Mosaic image of photographs captured 
during the Viking missions to Mars in the mid-
1970s. The prominent, central transverse fissure 
(also presumably shown in Figure 1) is the Valles 
Marineris, the largest known chasm in the solar 
system, yawning 600 km across its widest point.
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�O  Observations made at the limits of perceptual 
resolution are often ambiguous, and a certain 
degree of ‘filling in’ is done by human perceptual 
apparatus. 

�O  Interpretation of sense data can be influenced by 
prior learning in the form of the expectation of 
one particular conclusion.

�O  Social pressure is capable of playing a part in the 
confirming of an erroneous datum. 

If the evidence is not clear, we tend to go with our 
own expectations or the thoughts of others – not 
just when doing experiments but also in everyday 
life. Comfort lies in the familiar. In all likelihood, 
the erroneous scientific observations outlined in 
the three stories were either false reports submitted 
knowingly, or honest data that have been tainted 
by preconceptions with observers being victims of 
unconscious perceptual modifications, with a kind 
of scientific illusion ensuing. This article discusses 
these phenomena in the context of school science, 
and describes a study that investigates whether these 
normally troublesome manifestations of psychology 
can be exploited to improve learning, by essentially 
encouraging pupils to make biased observations in 
the manner of Lowell or Fleischmann.

Bluff demonstrations
The technique of teaching through bluff, doubtless 
familiar to readers who are experienced teachers, is a 
useful pedagogical tool. To illustrate, a teacher might 
simultaneously hold up an inflated and a deflated 
balloon to show a class, playing devil’s advocate and 
incorrectly inferring ‘the inflated balloon is lighter 
… yes?’ to which many in the class voice agreement, 
so revealing their status as misconceivers. When 
the teacher weighs the balloons the inflated one is 
found to be slightly heavier, so refuting the incorrect, 
bluffed theory. Emotions such as surprise, awe and 
puzzlement that are generated enhance engagement 
and thus the chance of meaningful learning.  Another 
well-known example is leaving an (odourless) 
mixture of water plus green food dye open to the 
air, informing the class that a putrid smell will soon 
be emanating from the container, and watching in 
fascination as pupils react in disgust when the (non-
existent) ‘smell’ wafts across their part of the room! 
Bluff activities lead observers down the garden path, 
and the erroneous ideas the teacher presents are 
seductive to pupils because they play on common 
preconceptions. 

Scientific Discovery  lessons –   
a rationale
It was realised that if pupils could experience several 
hands-on bluff activities during the course of a 
lesson, all relating to the same scientific concept, 
engagement might be further reinforced (Allen, 
2005). If the early bluff activities were designed to 
produce poorly resolved, ambiguous and difficult-
to-read data, as was the case with Lowell’s Martian 
telescope observations, experimenters would be 
more influenced by what they anticipate will happen, 
and expectation-related observations (EROs) would 
ensue. The subsequent bluff activities would offer 
increasingly better resolved, more lucid results, 
and so the true, scientific phenomenon becomes 
progressively clearer and more difficult for even the 
most biased experimenters to ignore, with the final 
activity being particularly convincing. Thus, as with 
the simple bluff approach, the emotional responses 
generated as the learner eventually comes to realise 
the unexpected ‘right answer’ develops engagement 
with the science, facilitating learning. EROs 
experienced during experimenting further escalate 
emotion by inducing a strong, early adherence to 
preconceptions, since prior concepts initially appear 
to be supported by empirical findings. Having 
ambiguous data at the beginning intentionally leads 
experimenters astray, making them more likely to go 
with their prior ideas, and so enhancing the ‘wow 
factor’ at the end of the lesson when the truth is 
revealed. Later, more resolved data means some if 
not most are able to find the answer out empirically 
for themselves, which is different to the simple bluff 
demonstrations mentioned originally, where the 
teacher informs pupils didactically. 

These experiences were termed Scientific 
Discovery (SciDis) lessons, and focused on 
scientific ideas where misconceptions were known 
to be common (Box 1). Eighteen SciDis lessons 
were devised and practised extensively, their design 
embedded in conceptual-change theory, assuming a 
minimally constructivist epistemology (i.e. realist 
ontology). The lessons were collated and presented 
in the form of a book, which is currently under 
consideration for publication. To sum up, SciDis 
lessons attempt to utilise pupils’ natural inclinations 
that allow personal biases towards a particular 
conclusion to influence data collection and inference-
making, as did Lowell and Fleischmann and 
Pons. The purpose is to increase pupils’ emotional 
responses during both experimenting and revelation 
of the answer, and thus promote engagement with 
the science.
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The experiment study
The research now described is a small part of a 
large-scale and long-term study that explored pupils’ 
expectation-related observations (EROs), involving 
1023 pupils from two schools in south east England 
(Allen, 2006). The current study is a continuation of 
preliminary research presented in a previous School 
Science Review article (Allen, 2005). 

Participants 
The research was carried out using a sample of 158 
pupils, drawn from a middle school and a secondary 
modern school in the same LEA (Local Education 

Authority). Children were accrued from either year 6 
(aged 10–11 years) or year 7 (aged 11–12 years).

Research question
If pupils experienced a SciDis lesson, were they 
more likely to subsequently recall correct science 
than if they attended a similar, transmission-style 
practical lesson? Thus, the experiments will take the 
form of a comparison of pedagogies. 

Method
Three randomised educational experiments were 
carried out in order to compare the learning gains of 
the treatment group (SciDis) and the control group 
(transmission). All treatment pupils experienced 
the SciDis lesson Marble drop (Figure 3), that 
attempted to correct the erroneous view that heavier 
objects will always freefall more quickly (heavy/
fast misconception). The control pupils attended a 
typical, non-constructivist (transmission), practical 
lesson that involved participants in a circus of four 
experiments with gravity as a common theme, one of 
which was a marble-drop activity. The assumption 
is made that the control lesson represents a typical 
approach by science teachers to refute the heavy/light 
misconception, as illustrated by the middle school 
that participated in the study, whose established 
scheme of work had incorporated an almost identical 
circus. 

Pupils were randomly assigned to either treatment 
or control groups after being matched by ability, 
measured by CAT mean SAS score (Cognitive Ability 
Test mean Standard Age Score). Consequently, the 
abilities of both groups were statistically equivalent, 

Figure 3   A Marble drop activity in 
progress. Note that the large marble 
(right hand) is being held marginally 
lower, a prime ERO-related behaviour 
(not staged!).

BOX 1    A selection of the misconceptions 
focused on by SciDis lessons

The speed of a falling object remains constant 
throughout its descent

A black container will keep in more heat than a 
silver one (because ‘black attracts heat’)

The mass of an object has no effect on its kinetic 
energy 

Chemical or physical changes are either  
exothermic or involve no heat change

Heavier objects displace more water than lighter 
objects

All materials lose mass when heated
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as later confirmed by both t-test and pre-test data, 
ensuring any superior gains could not be the result 
of one group being initially brighter than the other. 
Pupils worked in pairs for both treatment and control 
lessons. Each lesson was an hour in duration, taking 
place simultaneously in different classrooms and 
taught by different members of staff.

�O Experiment hypothesis – The treatment (SciDis) 
group will demonstrate a significantly higher 
learning gain than the control (transmission) 
group.

�O Null hypothesis – The treatment group will not 
demonstrate a significantly higher learning gain 
than the control group.

Further details of the methodology and lesson 
structure can be found in the previous School Science 
Review article (Allen, 2005), which is downloadable 
as a pdf. 

Data collection
Data were mainly collected through written tests that 
probed pupils’ ideas regarding mass and rate of free 
fall (see Figure 4). All treatment and control pupils 
experienced a minimum of three tests:

�O Pre-test (start of the lesson).
�O Post-test (end of the lesson, though with 

experiment 1 was 24 hours later).
�O Delayed post-test (six weeks after the lesson).
�O Second delayed post-test (experiment 1 and 2 

participants only, three years or two years after 
the lesson, respectively)

Data were analysed quantitatively, using chiefly the 
Chi-squared test for independent groups.

Data and analysis
The data are given in Table 1 overleaf. Note that 
gains indicate the progress made by a particular class, 
using pre-test scores as a baseline; where statistical 
significance has been designated, this signifies 
the group has improved its performance. Results 
represent a class’s raw achievement during the 
written tests. The chi-squared statistic compares the 
achievements of treatment and control groups, and 
where statistical significance has been designated, 
this signifies one group has achieved comparably 
better than the other during post-testing.

All treatment and control groups from the three 
experiments experienced significant improvements 
as a result of the lessons, as indicated by the 
gains statistics in the table, showing both types of 
lesson were successful in correcting the heavy/fast 
misconception to an appreciable degree. However, 
if the assumption that all variables bar type of lesson 
had been controlled is valid, then the superior gains 
of the treatment group in all three experiments 
show that the SciDis lesson was more successful 
than the control lesson in teaching the correct 
scientific conception. Conversely, the frequencies 
of the heavy/fast misconception were higher in the 
control (see graph 1). This conclusion holds at the 
time of administration of the post-test (immediately 
following the lesson, or, with experiment 1, 24 
hours later), delayed post-test (six weeks later)(with 
experiment 2 at the time of the delayed post-test, 

Figure 4   A sample test 
question.
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Table 1    Data and statistics from the three experiments.     
Note that * = �_ < 0.05; ** = �_ < 0.01; *** = �_ < 0.001; **** = �_ < 0.0001. 

Particulars  Experiment 1 Experiment 2 Experiment 3

Year group Year 7  Year 6  Year 6 

Number of participants in treatment class 27 27 25

Number of participants in control class 26 28 25

  Treatment pre-test  0/27 0/27 8/17   
  Control pre-test  3/23 1/27 3/22

  Treatment post-test 19/6 25/2 23/2   
  Control post-test 7/18 1/27 7/18

  Treatment delayed post-test 18/9 19/5 18/6   
  Control delayed post-test 6/15 14/9 6/19

  Treatment 2nd delayed post-test 13/10 14/09 X   
  Control 2nd delayed post-test 11/12 11/13 X

  Treatment group pre/post-test gains  +76%**** +93%*** +60%***

  Control group pre/post-test gains  +16% 0% +16%

  Treatment/control group post-test �r2 = 9.70** �r2 = 40.20**** �r2 = 18.75****  
  results  difference

  Treatment group pre/delayed +67%**** +79%*** +44%*  
  post-test gains

  Control group pre/delayed +29% +58%*** +12%  
  post-test gains

  Treatment/control group delayed �r2 = 5.42* �r2 = 1.11 �r2 = 11.52***  
  post-test results  difference

  Treatment group pre/second delayed +57%**** +61%**** X   
  post-test gains

  Control group pre/second delayed +36%* +42%** X   
  post-test gains

  Treatment/control group second  �r2 = 1.23 �r2 = 0.548 X   
  delayed post-test results  difference

despite the treatment group displaying a superior 
performance to the control group, this difference 
was no longer statistically significant) and second 
delayed post-test (experiments 1 and 2 only, three/
two years later). Therefore, the null hypothesis may 
be rejected. 

These data represent both a continuation and 
a confirmation of findings previously reported 
in School Science Review (Allen, 2005), which 
discussed in greater detail the nature and background 
of SciDis lessons, and conveyed the results from 
experiment one only.
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Discussion 
As demonstrated compellingly in the story of 
Percival Lowell and his contemporaries, observers 
of scientific phenomena are capable of collecting 
and interpreting data under the influence of personal 
biases that favour a particular conclusion. Since the 
scientific process as delivered by schoolteachers has 
parallels with professional science, it is not surprising 
their pupils also display similar biasing behaviours, 
ensuring that the conclusions reached similarly 
correlate positively with predictions (Allen, 2006). 

The superior gains of the treatment groups are 
assumed to be due at least in part to the elicitation 
of emotional responses during the SciDis lesson, 
particularly at the time of revelation of the correct, 
scientific answer. As expressed earlier in the article, 
bluff demonstrations work because feelings such as 
awe and surprise grab pupils’ attention, make them 
sit up, take notice, and hopefully remember. SciDis 
lessons involve pupils doing (and not just watching) 
a series of several bluff activities, and it follows that 
their comparative success is linked with unlocking 
emotion within pupils, some of whom may find many 
of their conventional science lessons uninteresting 
or even excluding, due to their difficulty (Fensham, 
2004). The link between emotion and memory 
is long-established and well-documented in the 
psychology literature (see Nisbett and Ross, 1980), 
and it is presumed the engagement generated during 
SciDis lessons played a part when treatment pupils 
subsequently refuted the heavy/fast misconception 
during post-tests. This misconception has notorious 
longevity, having previously been demonstrated in 
a variety of populations ranging from pre-teens to 
adults, including undergraduates and postgraduates 
(e.g. Champagne, Klopfer and Anderson, 1980; 
Gunstone, 1994; Oakes, 1945; Osborne, 1984); that 

the SciDis learners maintained superior gains three 
years after the initial lesson, in the absence of any 
intervening booster, illustrates the power of the bluff 
approach.

Additional questionnaire data indicated that both 
treatment and control lesson participants felt a range 
of emotions during their respective lessons, such as 
surprise, pleasure, disappointment and fear of failure, 
some at a very intense level. Although treatment 
participants averaged higher frequency and intensity 
of affect than control participants, this difference 
failed to reach a significant value. However, at 
delayed post-test it was found the learners who had 
reported the most emotion during the lesson had also 
made the greater conceptual gains six weeks later, 
successfully rejecting the heavy/fast misconception 
and aligning with the correct theory. This association 
was not related to ability, denying the possibility that 
the more emotional pupils did better because they 
were the more able.

Looking a little more closely at possible reasons 
for the success of the treatment lessons, during a 
bluff demonstration/practical activity, it is hoped 
that learners will allow their preconceptions to build 
a barrier between their psychological perception 
mechanisms and what actually happens during the 
experiment. What they then perceive becomes not 
a true record of the event, like a photograph, but 
distorted and aligned with what they think should 
happen. The long-term study (Allen, 2006) found 
these expectation-related observations (EROs) to be 
rife during SciDis lessons, indicated by behaviours 
such as ignoring anomalous results, manipulating 
apparatus and even changing/inventing data. Noted 
examples during the SciDis lesson Marble drop, the 
focus of the current research, include failure to let go 
of the two marbles simultaneously, and holding one 
higher than the other in order that the larger marble 

Figure 5   Temporal 
progress of treatment and 
control groups. Upper 
line represents treatment 
groups, lower line control 
groups. X-axis is non-linear 
(compressed).
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lands first. Whether these behaviours are conscious 
or otherwise is equivocal, and remains a topic for 
further research. Thus, it seems fair to assume that 
during bluff activities: 

�O When EROs surface they appear to the pupil 
as confirmations of a predicted misconception 
theory.

�O This causes pupils to hold onto that idea even 
more tightly than they did before.

�O The emotions generated when the misconception 
is subsequently shown to be erroneous help 
pupils to engage with the science and assist the 
process of meaningful learning.

This is summarised in the model,

ERO �A emotion �A enhanced learning

As one might expect, the pre-test scores were related 
to ability, with the brighter pupils having more of a 
tendency to report correct science. However, at the 
time of the post-test, immediately after the lesson, 
there were found to be no differences, with pupils of 
all abilities having an equal chance of recalling the 
scientific theory. Findings from the long-term study 
(Allen, 2006) indicate that the less able children recall 
just as well as their more able peers because they 
perform more EROs, so becoming more engaged 
(one would be hard pressed to find instances in 
the science education literature where pupil ability 
has zero influence on the results during a written 
test); the power of the bluff approach in crossing 
the ability divide remains one of its strengths. That 
said, delayed post-test scores show that both six 
weeks and three years later, success returns to an 
ability-mediated pattern, with the less able pupils 
significantly falling behind once more. To address 
this deficit, further investigations are in order that 
assess which processes play a part in longer-term 
recall by lower ability children, so that they might be 
incorporated into the SciDis regime.

Summary and implications
In all three experiments, pupils who experienced a 
bluff approach to learning in the form of a SciDis 
lesson recalled more correct science than others 
who were exposed to a ‘traditional’ approach. These 
gains were maintained into the long term, three years 
after the initial lessons. Short-term improvements 
were independent of pupil ability, though other 
indicators of superior performance were positively 
associated with higher ability. Pupils who reported 
feeling the most emotion during the lessons also 
rejected misconceptions to a greater degree. Since 
bluff activities generate EROs that support pupils’ 
predictions, it is assumed that emotions such as 
surprise and awe felt during revelation of the 
scientific answer boost engagement with the science, 
and facilitate subsequent recall during written tests. 
These processes can be summarised by the model,

ERO �A emotion �A enhanced learning

The potential for awakening children’s emotions 
in a positive sense during science lessons remains 
largely untapped, despite the existence of long-
established and convincing psychology research 
findings linking affect with memory; our unfortunate 
though frequent inability as science teachers to dispel 
persistent misconceptions from our pupils’ minds 
might be helped by listening a little to what our 
psychologist colleagues have to say. The unexpected 
consequence of allowing our pupils to play at being 
a Percival Lowell or Martin Fleischmann is that 
they paradoxically end up not becoming Lowell 
or Fleischmann, but instead look and listen more 
carefully to their data, and in the end ‘get the right 
answer.’
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