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Introduction

Over the years researchers and practitioners have been developing and testing a range of
measurement approaches aiming to effectively capture improvements in student learning
in higher education (Hake 1998; Cahill et al. 2014; Coates 2016). One approach
commonly used is the notion of learning gain, which is defined as growth or change in
knowledge, skills, and abilities over time that can be linked to the desired learning
outcomes or learning goals of the course (e.g., Cronbach and Furby 1970; Arum and
Roksa 2014; Rogaten, Rienties, and Whitelock, 2017; Roohr, Liu, and Liu 2017). Recent
calls about the need for clear and transparent measures of learning to assess the value of
higher education in both the United States (U.S. Department of Education 2006) and the
UK (Department for Business, Innovation & Skills 2016) have promoted the use of
learning gains. Several large scale national studies (Wabash National Study of Liberal
Arts Education 2012; Higher Education Funding Council for England 2015) are using



learning gains in order to investigate factors that impact educational outcomes.
Educational researchers can contribute to these national debates by investigating how
learning gains can be validly and reliably measured on a large scale, and to what extent
learning gains can appraise the quality of education provision and provide evidence of
impact on graduate outcomes.

Although the concept of learning gains is not new and has been actively debated in
psychology and education fields (e.g., Dimitrov & Rumrill Jr, 2003; Bao, 2006; Rocconi
& Ethington, 2009), learning gains and the ways in which researchers have measured
them, and the reported magnitude of learning gains seems to be widely diverse. For
example, in one of the largest longitudinal studies on learning gains in the US, the Wabash
National Study of Liberal Arts Education, a range of learning gains (e.g., moral reasoning,
critical thinking) were measured amongst 17000 students across 50 US colleges and
universities at three separate time intervals (Arum and Roksa 2014). Pascarella and Blaich
(2013) found that although several groups of students reported positive learning gains in
critical thinking, moral reasoning, engagement, and responsible leadership, other learning
gains were negligible, such as positive attitudes to literacy, and political and social
involvement. In contrast, Andrews, Leonard, Colgrove and Kalinowski (2011) assessed
cognitive learning gains amongst 8000+ biology students using two ‘“objective”
knowledge tests and found only small average learning gains.

Despite the increase in interest and volume of research examining learning gains and
increased attention by policy makers to measure the “value added” of education, there is
no comprehensive and systematic literature review on learning gains in higher education.
As such, this review aims to fill this gap by analysing empirical research findings reported
in the literature into students’ learning gains. More importantly, we will provide three

recommendations how learning gains may be applied for assessing teaching excellence.

Categorising different types of learning gains

In line with Everson (2017), one of the challenges in conducting a systematic literature
review is in examining what are the similarities and differences among what learning
gains were measured and how they were assessed. Given the increased emphasis on
higher education’s role in developing appropriate attitudes and skills in addition to

cognitive development, an increasing number of researchers have started to move beyond



focussing on measuring cognitive learning gains (Douglass, Thomson, and Zhao 2012;
Pascarella and Blaich 2013; Emke, Butler, and Larsen 2016).

In order to be able to distinguish the different categories and approaches that learning
gains studies have developed and to make sure that comparisons can be made among
studies looking at similar types of learning gains, we propose that learning gains research
needs a coherent classification system to be able to distinguish a more nuanced
understanding of different types and approaches to learning gains. In psychology and
education, a large number of studies have used the lens of Affective, Behaviour, and
Cognitive (ABC) learning to understand, unpack and explain the complex,
multidimensional notions of learning and cognitive development (e.g., Ostrom, 1969;
Panksepp, 2003; Jindal-Snape & Rienties, 2016). For example, Ostrom (1969) used the
ABC approach to classify different attitudes, while Panksepp (2003) used ABCs to
classify brain activity. Therefore, in this article we will apply an ABC classification to
distinguish three types of learning gains: 1) affective learning gains which encompass
change in attitudes, satisfaction, and well-being, 2) behavioural learning gains which
encompass changes in students’ behavioural skills over time, such as engagement,
leadership skills, team work and 3) cognitive learning gains which encompass gains in
abilities related to cognitive development, such as understanding, knowledge, critical,
analytical and scientific thinking. Of course we acknowledge that these ABC learning
gains are interrelated, and should be seen both from an individual classification as well

as from an intertwined, holistic perspective.

Affective learning gains

Several researchers have looked into measuring affective learning gains, which can be
defined as a change in affect related states during a course, such as confidence, motivation
and attitudes. For example, Beck and Blumer (2012) measured students’ confidence in
designing an experiment in their laboratory class in a sample of 38 biology students.
Confidence was measured using a 12-item self-reported survey administered at the
beginning and end of a semester. Similarly, Mathabathe and Potgieter (2014) measured
students’ knowledge in stoichiometry and how confident 91 students in science and
engineering were in their knowledge. They found that overall students’ confidence in
their knowledge of stoichiometry improved, but the results also highlighted that gains in

confidence is a complex issue. Mathabathe and Potgieter (2014) found that a large



proportion of students were overconfident in their knowledge, and overconfidence
increased over time, whereas realistic confidence (confidence corresponding with the
level of knowledge) decreased as a result of the course. Importantly, this study
demonstrated that affective learning gains had an effect of cognitive learning gains, as

students who became overconfident in their knowledge showed lower knowledge gains.

Behavioural learning gains

Recently researchers have extended the focus within learning gains field to also include
behavioural learning gains, which focus more strongly on skills than knowledge, and
include for example engagement, leadership skills, study skills, or team working skills
(e.g., Strijbos, Engels, & Struyven, 2015; de Hei, Strijbos, Sjoer, & Admiraal, 2016). For
example, Varsavsky et al. (2014) looked at learning gains in team working amongst 400
science students developing skills to work with others to accomplish a shared task,
whereby students reported improvements in teamwork skills, but they rated the
importance of the skill significantly higher than their improvement. Similarly, Cabrera,
Colbeck and Terenzini (2001) assessed learning gains in group work skills in 1,258
Engineering students from seven different schools using students’ retrospective
judgements about their learning gains, and found that students reported moderate learning

gains in group work skills.

Cognitive learning gains

Finally, cognitive learning gains can be defined as development in knowledge,
understanding, and cognitive abilities. The “classic” way to measure cognitive learning
gains is to assess changes in knowledge or conceptual learning using existing
standardized tools at the start and end of a semester (Roohr, Liu, and Liu 2017). This
method is particularly popular in the “harder” sciences, where acquisition and application
of knowledge are the expected outcome of study (Gok 2012; Pentecost and Barbera 2013;
Cahill et al. 2014).

In addition to objectively measuring cognitive learning gains, recently several
researchers have adopted different, perhaps subtler approaches to measure cognitive
learning gains. For example, Douglass, Thomson and Zhao (2012) measured students’
perceptions of desired learning gains in quantitative skills, writing and reading skills,

critical thinking, and knowledge in a sample of 12,500 sciences and humanities students



using the Student Experience in the Research University Survey (SERU-S). In all aspects
students reported positive learning gains, i.e., increases of quantitative skills, writing,
reading, critical thinking, and knowledge in the field. Coil, Wenderoth, Cunningham and
Dirks (2010) assessed learning gains of 196 students in scientific writing, reading,
metacognitive monitoring of own learning and satisfaction in biological sciences. They

found an overall improvement in students’ writing and reading.

Research questions

As highlighted by the studies above, a wide range of learning gains approaches, research
designs, and measurements have been employed in the last two decades. Some
researchers used objective testing and employed pre-post test designs, while others relied
on students’ self-reported retrospective judgement of own learning gains, making it
difficult to draw direct comparisons between numerous studies assessing affective,
behavioural, and/or cognitive learning gains. As such, in order to reach a better
understanding of learning gains in higher education, it is important to develop a critical,
systematic overview of the learning gains literature. Our ABC classification approach
aims to categorise, contrast, and unpack the range of learning gains approaches used in
higher education. In research question 1 we will distinguish the kinds of approaches used
to measure learning gains (i.e., pre-post objective testing, pre-post subjective testing,
cross-sectional testing). In research question 2 we will focus on the reported magnitudes
of learning gains across the ABC categorisation.

RQ1: What kinds of approaches are used to measure affective, behavioural, and
cognitive learning gains in higher education?

RQ2: What is the magnitude of affective, behavioural and cognitive learning gains in
higher education?

Method

Search strategies

The literature search was conducted in the period of February-April 2016 in ERIC and
Web of Science core collection. In addition, an ancestry approach was used to
exhaustively search for peer-reviewed empirical studies in the reference lists of relevant

articles. The time frame of the search was set between 2000 and 2016. The keywords
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search included: “learning gain*”, higher education, college, graduate, not school, not
child. No other preconditioned criteria were used in the search. In total 231 studies were
identified, of which 208 were from Web of Science collection, and 23 studies were from
ERIC. The first selection included peer reviewed theoretical articles, empirical studies,
qualitative and case studies, conference papers, PhD theses, books, and book chapters.
The next step of our review included a comprehensive evaluation of the abstracts,

resulting in 20 studies being excluded as they did not assess learning gains.

Inclusion/exclusion criteria

The remaining 211 potentially relevant articles were then reviewed using the following
selection criteria:

1) Empirical studies which used learning gain as a dependent variable.

2) The sample comprised of undergraduate and/or postgraduate students studying for
a higher education qualification.

3) Studies of at least three weeks duration. As such, most experimental/lab studies
that used learning gain as dependent variable were excluded.

4) Sufficient quantitative data reported. At least Mean and Standard Deviation or
Standard Error for the dependent variable was reported in a numeric format (i.e.,
studies that only included graphical representations where no accurate values
could be obtained were excluded).

5) The student sample was not used in any other study where learning gain was a

dependent variable.

After a careful review of the potentially relevant articles, 52 non-overlapping empirical
studies met all the inclusion criteria. The articles that were excluded failed to meet the
selection criteria. Within the selected studies a total of 114 independent student samples

were identified totalling 41,009 higher education students.

Coding

A coding scheme for classifying the key variables from each of the research papers was
developed to reflect differences in methods used within learning gains research, and
identify whether the respective study assessed affective, behavioural and/or cognitive
learning gains. Firstly, the initial coding scheme was tested and adjusted with four studies

being coded by five researchers to determine the validity of the coding scheme. Secondly,



23 studies were double coded to determine the reliability of the revised coding scheme,
whereby there was 100% agreement in coding learning gains as affective, behavioural
and cognitive, and an average of 82% agreement on coding method, measures,
computation of learning gain, student sample, time between pre-test and post-test. The
remainder of studies were coded by the first author and any discussion points were agreed
with the second author.

Affective learning gains included learning gains in attitude, confidence, enjoyment,
enthusiasm for a topic, feeling comfortable with complex ideas, interest in a topic,
motivation, satisfaction, and self-efficacy. Behavioural learning gains included ability to
work independently, applied conceptual understanding, effort and engagement,
leadership skills, learning gains in team/group working skills, practical competence,
resource management, responsibility, preparation skills, and time management skills.
Cognitive learning gains included learning gains in students’ ability to evaluate and create
knowledge, analytical, autonomous cognition, critical and ethical thinking, creative and
higher order thinking, discipline specific skills, knowledge and understanding of the
topic, oral and written communication, problem solving, scientific reasoning, and
statistical and research skills’lknowledge. Overall, there were twenty eight studies that
examined only cognitive learning gains, twelve studies that examined a combination of
affective and cognitive learning gains, five studies that examined a combination of
cognitive and behavioural learning gains, and seven studies examined a combination of

affective, behavioural and cognitive learning gains.

Analysis
In order to reflect the diversity of learning gains research, all studies were firstly separated
into self-reported measures and objective measures of learning gains (e.g., standardised
multiple choice tests). In order to ensure consistency, all self-reported learning gains were
converted into percentages for cross-sectional studies. Following that, the average
percentage of self-reported learning gains were computed separately for affective,
behavioural, and cognitive learning gains.

For studies that used pre-post test design, average normalised learning gains (Hake
1998) were computed. In the studies included in this review, only cognitive learning gains
were assessed using both self-reported and objective testing, whereas behavioural and

affective learning gains were only assessed using self-reported surveys, as no studies were



available that reported on objective testing. Average normalised learning gains were
estimated for each study using means of pre-test, post-test and maximum post-test scores
(Hake 1998). Although the average normalised learning is usually computed using
normalised gain for each student, the computation using overall group means is also
acceptable and is similar to the average normalised gain based on individuals’ scores if
the sample size is above 50 students (Bao 2006). The average normalised gain is
considered small if it is below 0.3, moderate if it is between 0.3 and 0.7, and high if it is
above 0.7 (Hake 1998).

Results

Main characteristics of selected studies

In total 52 empirical studies were included totalling 41,009 higher education students.
The majority of student samples were from US universities (77%; e.g., Andrews et al.,
2011; Pentecost & Barbera, 2013), while 8% were from Australian universities (e.g.,
Varsavsky et al., 2014; Hill, Sharma, & Johnston, 2015). Other studies originated from
Turkey (Gok 2012; Yalaki 2010), Kuwait (Anderson 2006), Germany (Woltering et al.
2009), Mexico (Shuster and Peterson 2009), South Africa (Mathabathe and Potgieter
2014), Taiwan (Cheng, Liang, and Tsai 2015) and China (Liu, Liu, and Chi 2014). Most
studies focussed on undergraduate courses, in particular first year courses. In terms of
RQ1, the main distinction between the studies was their methodology, as indicated in
Table 1. For a detailed analysis for each study included, and their respective research
design(s), we refer to Table 2.

Pre-post tests were the most common method used in 36 studies totalling 79 student
samples (70% of all student samples; e.g., Georgiou & Sharma, 2015; Emke, Butler, &
Larsen, 2016). A comparison between two samples of students were made in 23 studies
(e.g., Canhill et al., 2014; Mortensen & Nicholson, 2015) totalling 64% of all student
samples. In addition, six studies used multiple samples (e.g., Pentecost & Barbera, 2013;
Campbell et al., 2014;) totalling 23% of all student samples. Finally, 10 studies used
single student samples (e.g., Andrews et al., 2011; Buriak & Potter, 2014) totalling 13%
of all student samples. All research studies that used pre-post design could be further
divided into those that used the same measure/test during pre-test and post-test
assessments (65 student samples, 85.5%; e.g., Andrews et al., 2011; Cahill et al., 2014),
and those that used similar/compatible measures/tests (11 student samples 14.5%; e.g.,
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Getha-Eby, Beery, O’Brien, & Xu, 2015; Emke et al., 2016). The majority of studies
using pre- post test design assessed learning gains through standardised and objective
tests/inventories (61 student samples; 80%) and a smaller proportion of studies used self-
reported questionnaires or a combination of objective tests/inventories and self-reported
questionnaires (15 student samples; 20%).

=>» Insert Table 1 about here

In total, 18 studies comprising of 35 student samples (31% of all student samples)
used a cross-sectional design and self-reported questionnaires to assess students’ learning
gains. Self-reported perception of learning gains were mainly measured using validated
self-reported scales (25 student samples, 71%) like CLASS (e.g., Gok, 2012; Cahill et al.,
2014), or SALG (e.g., Gill & Mullarkey, 2015; Ojennus, 2016). Comparatively fewer
studies used self-reported questionnaires that were developed by a research team to
specifically assess their students’ learning gains (10 student samples, 29%; e.g., Liu et
al., 2014; Matthews, Adams, & Goos, 2015).

Overall, as is clear from Table 1 most studies identified in this review focussed on
cognitive learning gains, followed by behavioural, and affective learning gains. While
recently more studies have focussed on combining cognitive with affective and
behavioural gains, Table 1 clearly highlights that no affective or behavioural studies have
used pre-post objective measurements of learning gains. This is an important
methodological research design omission, given that universities are increasingly pressed
to provide “solid” evidence of affective and behavioural gains beyond cognitive gains to
both local and national governments, as well as students and parents as customers of

university services (Woodall, Hiller, and Resnick 2014; Everson 2017).

Outcome of studies using self-reported retrospective measures

In order to address RQ2, we first will unpack 28 studies using self-reported measures (51
independent samples, n = 19,509), after which we will unpack 22 studies using objective
measures (39 student samples, n = 18,024). Of the 28 self-reported studies, thirty-five
samples were assessed using cross-sectional design (e.g., Douglass, Thomson, & Zhao,
2012; Matthews et al., 2015), sixteen samples were assessed in pre-post test design (e.qg.,
Hatch et al., 2014; Stolk & Martello, 2015), out of which eight samples were assessed
using both standardised tests and self-reported measures and both pre-post testing and
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cross-sectional design (e.g., Mathabathe & Potgieter, 2014; Mortensen & Nicholson,
2015).

Affective self-reported learning gains

Affective learning gains were measured in 19 studies (e.g., Moorer, 2009; Strayhorn,
2010) comprising 28 student samples totalling 3,333 higher education students. For
example, Cahill et al (2014) examined affective learning gains by assessing attitudes
towards physics and learning physics of 921 undergraduate physics students using a 42-
item self-reported Colorado Learning Attitudes about Science Survey (CLASS). The
results showed a decrease in positive attitude towards physics, which ranged between -
3.9% to -7.6%. Furthermore, Stolk and Martello (2015) looked at 114 undergraduate
science students’ learning gains in motivation using the Situational Motivation Scale
(SIMS). Students’ motivations were monitored throughout the semester and results
showed that mean SIMS subscale scores for intrinsic motivation (range 4.91 and 5.06),
identified regulation (range 4.87and 4.98), and self-determination (range 7.97 and 8.49)
were significantly higher than for external regulation (range 3.26 and 3.34) and
amotivation (range 1.73 and 1.63), indicating that students reported higher learning gains
in adaptive motivational orientation.

Overall, there were nine affective learning gain studies that employed pre-post test
designs. Most research reported positive change, but three studies reported negative
change. The average normalised gain for those studies that reported affective learning
gain was <g> = 0.39 which is according to Hake (1998) a moderate learning gain. There
were 10 cross-sectional studies totalling 1,772 students who on average reported 77.7%
affective learning gain. As highlighted in Figure 1a, a wide range of affective learning
gains was reported amongst these 19 studies, ranging from -15% to 98%. Cross-sectional
studies reported on average higher affective gains than pre-post designs.

=> Insert Figure 1a b and c about here

Behavioural self-reported learning gains

Behavioural learning gains were measured in 13 studies (e.g., Casem, 2006; Varsavsky
et al., 2014) comprising 23 student samples totalling 4,268 higher education students.
With the exception of one study (Stolk and Martello 2015), the remaining 12 studies used
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a cross-sectional design for measuring behavioural learning gains. In these cross-sectional
studies, students on average reported 77.0% behavioural learning gain. Although there
are fewer studies which used behavioural change as a measure of learning gains, several
researchers have argued that skills development is just as important as knowledge
acquisition. Varsavsky and colleagues (2014) and Stolk and Martello (2015) both
criticised higher education courses for continuing to prioritize decontextualized
knowledge over learning gains in skills (Stolk & Martello, 2015), even though students
rated the importance and usefulness of competences, such as teamwork, higher than
subject specific knowledge (Varsavsky, Matthews, and Hodgson 2014). As indicated in
Figure 1b, again a substantial range of learning gains were reported in these 13 studies,
ranging from 38% to 95%.

Cognitive self-reported learning gains

Cognitive learning gains were measured in 22 studies (e.g., Seymour, Daffinrud, Wiese,
& Hunter, 2000; Ojennus, 2016), comprising 39 student samples, totalling 18,024 higher
education students. Pre-post testing was used in four studies (Wattiaux and Crump 2006;
Lim, Hosack, and Vogt 2012; Hatch et al. 2014; Stolk and Martello 2015;), and two
studies used a form of pre-post testing through reflection (Douglass, Thomson, and Zhao
2012; Nagel et al. 2012) all totalling to seven student samples. Only in one sample (Stolk
and Martello 2015) did students report lower cognitive ability at the post-test than at the
pre-test, but the difference was not significant. As such, this particular sample was not
included in the remainder of the analysis. The average of normalised learning gain
estimated on six independent pre-post test student samples was <g> = 0.34, which is
considered moderate gain (Hake 1998).

The rest of the studies (32 samples) used cross-sectional designs and assessed
students’ perceptions of their cognitive learning gains. On average, students reported
74.0% in cognitive learning gain. A wide range of reported % learning gains was found,
ranging from 11% to 96%. Studies that used self-reported retrospective measures of
learning gains reported higher learning gains in cross-sectional studies than in pre-post
test design studies. Furthermore, given that only (some) cognitive learning gains studies
used objective pre-post measurements of learning gains, it is perhaps not surprising that
these cognitive learning gains were on average lower than self-reported affective and

behavioural learning gains, see Figure 1c.
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Cognitive learning gains measured by objective testing

As was indicated before in Table 1, objective testing was only used on cognitive learning
gains using pre-post design. In total, 32 studies used objective testing analysing 71 student
samples totalling 22,004 higher education students. Out of 32 studies five used a
combination of self-reported and objective measures of learning gains totalling eight
student samples (12%), while six studies used other types of non-standardised testing
totalling 10 student samples (9%). Cognitive learning gains were mainly measured by
standardised tests, such as the Chemical Concepts Inventory (Pentecost and Barbera
2013) or Force and Motion Concept Evaluation (Pollock 2006; Hill, Sharma, and
Johnston 2015). For example, Gok (2012) examined students’ conceptual learning gains
of electricity and magnetism in 138 physics students using a Conceptual Survey of
Electricity and Magnetism (CSEM) at the beginning (pre-test) and end (post-test) of a
semester. The results showed that students’ learning gains g ranged from 0.36 to 0.62,
showing medium learning gain. Using a much larger sample, Pentecost and Barbera
(2013) looked at learning gains in content knowledge and reasoning in 2,392
undergraduate chemistry students from four different universities. They used the
Chemical Concepts Inventory which consisted of 22 multiple choice questions and found
that across universities g only ranged from 0.04 to 0.14, indicating low learning gain.

Overall, the results of pre-post testing showed positive cognitive learning gains,
with the exception of two studies that used graded assessment test results (academic
performance) to assess students learning gains (Yalaki 2010; Jensen, Kummer, and
Godoy 2015). Average normalised learning gain was <g> = 0.34 which is considered a
moderate learning gain (Hake 1998).

As is widely debated in education, ideally a particular educational treatment
should be compared and contrasted with a comparison or control condition in order to
determine the direction, and size of the potential positive or negative effect of that
treatment on learning processes and academic outcomes (Cook & Campbell, 1979;
Torgerson & Torgerson, 2008). Therefore, as a final part we analysed data of studies that
included a comparison/control condition. Unfortunately, none of the reviewed studies
used a Randomised Control Trial (RCT) design, and primarily relied on comparing the

treatment group with an alternative group (e.g., a previous cohort, another class taught by

13



a different teacher). Follow-up analyses of treatment studies which compared a change in
curricular or module design (treatment) enhanced students learning in comparison to
traditional lectures (control) found that students performed better in the treatment
condition <g> = 0.39 than in control condition <g> = 0.26. Again a wide range of learning
gains were found, whereby average normalised learning gains g ranged from -.20 to .81,
see Figure 2 for detailed breakdown. In other words, substantial variation in reported
learning gain results were found in more experimentally designed studies, highlighting

that the magnitude of ABC learning gains is wide, diverse and complex.

=>» Insert Figure 2 about here

Discussion

The main aim of this systematic literature review was to map out the research on learning
gains in higher education in order to develop a more comprehensive understanding of
reported learning gains in the literature, and to assess the potential of learning gains
approaches as an “appropriate” measure of the value of higher education (Woodall, Hiller,
and Resnick 2014; Everson 2017; Roohr, Liu, and Liu 2017). This is especially urgent
for a UK context, as the current government aims to link financial support to universities
with (self-reported) measures of teaching excellence, which in part may be measured by
(self-reported and objective) learning gains. Without appropriate, validated, and relevant
measures of generic and/or discipline-specific learning gains which are tested and
validated in robust experimental as well as naturalistic design studies, using
“inappropriate” proxies of students’ learning gains might lead to severe financial and
reputational implications for universities, and sub-optimal provision of teaching
excellence to students.

Following a robust and thorough coding and analysis of affective, behavioural, and
cognitive learning gains across 52 empirical learning gain studies, our systematic review
found that most studies focussed on cognitive learning gains, mostly using pre-post
objective testing. However, there were some studies examining a combination of
affective, behavioural, and cognitive learning gains, but in their majority they employed
cross-sectional design, and mostly relied on self-reported retrospective estimates of

learning gains, with obvious potential limitations (RQ1).
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In terms of RQ2, for the cognitive dimension the average magnitude of learning gains
in studies using “objective” and retrospective self-reported measures was moderate. In
other words, students on average reported moderate growth in their cognitive ability,
primarily knowledge, understanding, higher order thinking, metacognition, problem
solving, scientific reasoning, discipline specific skills, oral and written communication,
statistical and research skills’/knowledge, autonomous cognition and metacognition.
Similarly, for the affective and behavioural dimension, students on average also reported
moderate learning gains in cross-sectional and pre-post test design studies. Interestingly,
a number of studies found negative affective gains, which were mainly observed on the
measures of learning attitude and attitude towards the subject (Lim, Hosack, and Vogt
2012; Cahill et al. 2014).

As evidenced by our systematic review and the detailed breakdown of varied research
designs in Table 2, the 52 studies reported a vast range of learning gains, highlighting on
the one hand the inherent and well-recognised complexity of higher education teaching
practice (Beetham and Sharpe 2013; Rienties, Brouwer, and Lygo-Baker 2013; Richard
Arum and Roksa 2014; Woodall, Hiller, and Resnick 2014; Coates 2016; Roohr, Liu, and
Liu 2017), and on the other hand the methodological complexities of defining what
actually constitutes a learning gain, and how this could potentially be measured
appropriately (Pascarella and Blaich 2013; Rogaten, Rienties, and Whitelock 2017;
Everson 2017). The reported magnitude of learning gains amongst these 52 studies was
surprisingly diverse and wide ranging. At the same time, as highlighted by Everson
(2016) we need to make it clear to teachers and students what we mean when measuring
value added.

In terms of research design options, the results of our systematic review indicated that
learning gains seemed more visible with a pre-post test design, regardless of whether
objective or self-reported measures were used. These findings suggest that asking
students whether they have developed knowledge, understanding and certain skills and
competences might be as accurate as testing them using “objective” tests. One possible
factor influencing pre-post self-report of learning gains is students’ ability to detect and
reflect on their own progress. It is possible that when students are asked to assess their
learning gains at the beginning of a course, it may help students to establish a baseline of
their knowledge, skills and competences prior to any learning taking place (Douglass,

Thomson, and Zhao 2012). In addition, whether or not students would have gained in
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terms of ABC learning gains over time, irrespective of the educational treatment, often
could not be assessed in the majority of reviewed research designs.

As indicated previously, relatively few studies used quasi-experimental designs by
introducing a control or comparison condition. Those studies who did found on average
some positive cognitive learning gains, but the average effect size of the treatment vs.
control condition was relatively small (<Ag> = .14). Furthermore, a strong divergence in
the direction and magnitude of reported cognitive learning gains were found in these
treatment vs. control studies. Of course without a randomisation of treatment vs control
conditions, as done in Randomised Control Trials to prevent obvious Hawthorne or John
Henry potential biases, the jury might still be out in terms of the actual size and scope of
these treatment studies. In other words, how learning gains were measured (i.e., pre-post,
post-test only; self-reported vs objective; widely validated vs. specific own-developed
instruments), with which research design (e.g., cross-sectional, quasi-experimental,
RCT), and which types of learning gains were targeted (affective, behaviour, cognitive)
could have a substantial influence on the reported effect size, and robustness of the

findings.

Limitations

This systematic literature review has a number of limitations that should be considered
when interpreting its findings. Firstly, this review is limited by the inclusion criteria that
were applied. As such, the findings can only be interpreted within the empirical learning
gains research in higher education. Given the richness and complexities of measuring and
unpacking learning gains, we would encourage researchers to conduct a similar
systematic literature review of qualitative and mixed method learning gains studies, as
well as studies that use similar notions of learning gains but who do not label these as
learning gains. In particular in the UK context there is currently an emergence of
conceptual and critical qualitative research (e.g., Kinchin, 2016; Ashwin, 2017; Boud,
2018) that provide some alternative perspectives on the primarily quantitative approaches
to learning gains, and how policy makers in particular should start to make sense of these
methodologically challenging concepts.

Secondly, the results of our analysis can only be as good and robust as
methodological rigour of selected studies. All studies in our review were either using

single sample of students or conducting a quasi-experimental research. There were no
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studies that used randomised control trials and it is not clear whether observed learning
gains would be the same if more rigorous methodologies were used. Finally, research on
learning gains is varied in methodology and measures and as such comparisons between
studies are hard to make. The approach employed in this research is just one way of
possible synthesis of research. However, the developed coding scheme was extensively
validated and provided a useful perspective of the different employed learning gains

methodologies and ABC focus.

Conclusion and recommendations to enhance learning gains research

As interest in the notion of learning gains has increased both within higher education
providers and their policy makers and funding bodies, it is important to develop a greater
understanding of how to interpret reported/observed learning gains. As evident from our
fine-grained coding of the 52 studies, there were significant variations in the approaches
taken and the reported impact of these. Given the wide disparity in reported learning gains
studies, we encourage policy makers and researchers to be extremely cautious when
interpreting reported learning gains, as our findings clearly highlight a lack of
standardisation of used approaches and how learning gains results are reported.

Our first recommendation is that universities should consider to use pre-post
measurements of learning gains in order to strengthen the methodological rigor of
learning gains research. We encourage researchers to use appropriate pre-post tests,
ideally those developed and validated across a range of contexts. Given the inevitable loss
of data in longitudinal data collection, appropriate strategies will need to be put into place
in terms of appropriate sampling techniques and non-response bias checks.

Our second recommendation is for researchers and policy makers to examine learning
gains longitudinally throughout the entire student journey. As evidenced by our review,
most of the studies examined learning gains within the limited time of a semester or two
semesters, and mostly looked at introductory level courses. As such, it is not possible to
infer that the same magnitude of learning gains is linear throughout a whole degree
experience, as Roohr, Liu, and Liu (2017) found that learning gains may change over
time. While we appreciate that this might be an expensive, complex, and a long-term
endeavour, our systematic review highlights substantial variations in reported learning

gains that may be the result of the respective time-scales used, the instruments employed.
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Finally, our third recommendation is an urgent need for researchers and policy makers
to start to develop, test, implement, and evaluate pre-post objective measurements of
affective and behavioural learning gains. Given the importance of developing graduate
skills and attitudes of our students, it is essential to develop effective and reliable
measurements of affective and behavioural learning gains. To conclude, given the myriad
ways of how researchers, managers and policy makers define and construct the concept
of learning gains, we encourage that all stakeholders work together to construct a clear,
inclusive definition of what learning gains are (and what they are not), and how one might
be able to measure them to identify whether students’ have actually improved in their

ABCs, and whether this is a result of teaching excellence (or not)...
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Table 1: Total number of studies and sample size (in parenthesis) for each method

employed to capture affective, behavioural and cognitive learning gains.

Affective

Behaviour

Cognitive

Pre-post objective -

Pre-post subjective 9 (1,561)
(e.g., Beck & Blumer,
2012; Cheng, Liang,
& Tsai, 2015;
Mortensen &
Nicholson, 2015)

Cross-sectional 10 (1,772)

subjective (e.g., Gok, 2012; Liu
et al., 2014; Moorer,
2009)

1 (114)
(Stolk and Martello
2015)

12 (4,154)

(e.g., Casem, 2006;
Gill & Mullarkey,
2015; Gok, 2012)

32 (22,004)

(e.g., Andrews et al.,
2011; Emke et al.,
2016; Georgiou &
Sharma, 2015)

6 (12,942)

(e.g., Hatch et al., 2014;
Lim, Hosack, & Vogt,
2012; Stolk & Martello,
2015)

16 (5,082)

(Casem 2006;
Douglass, Thomson,
and Zhao 2012; Gok
2012)

Note: 47% off all studies assessed more than one type of learning gains and as such, one sample can fall into

more than one category and number of samples in the table do not strictly add up to the total number of samples

examined in this review.
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Table 2: Studies coded by method employed, number of subsamples associated with

each study and type of learning gain: affective, behavioural and cognitive.

Number
of
Reference groups  Design Measure A B C
Self-
Anderson (2006) 4 Cross-sectional No No  Yes
reported
Cabrera, Colbeck & Self-
1 Cross-sectional No Yes Yes
Terenzini (2001) reported
Self-
Cahill et al. (2014) 2 Pre-post test Yes No  Yes
reported
Self-
Casem (2006) 2 Cross-sectional No No  Yes
reported
Self-
Casem (2006) 6 Cross-sectional No Yes Yes
reported
Douglass, Thomson & Zhao Self-
1 Cross-sectional No No Yes
(2012) reported
Self-
Gill & Mullarkey (2015) 2 Cross-sectional No Yes Yes
reported
Self-
Gok (2012) 2 Cross-sectional Yes Yes Yes
reported
Self-
Hatch et al. (2014) 2 Pre-post test No No  Yes
reported
Hodgson, Varsavsky & Self-
1 Cross-sectional No Yes Yes
Matthews (2014) reported
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Lim, Hosack & Vogt (2012)

Lim, Hosack & Vogt (2012)

Liu, Liu & Chi (2014)

Matthews, Adams & Goos

(2015)

Moorer (2009)

Nagel, Pierrakos,
Zilberberg & McVay

(2012)

Ojennus (2016)

Radu, Cole, Dabacan,
Harris & Sexton (2011)
Seymour, Daffinrud, Wiese

& Hunter (2000)

Stolk & Martello (2015)

Strayhorn (2010)

Tomasik, Cottone, Heethuis

& Mueller (2013)

cross-sectional

Pre-post test

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Pre-post test

Cross-sectional

Cross-sectional

Self-
reported
Self-
reported
Self-
reported
Self-
reported
Self-

reported

Self-

reported

Self-
reported
Self-
reported
Self-
reported
Self-
reported
Self-
reported
Self-

reported

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

No

Yes

No

Yes

Yes

Yes

No
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No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes



Varsavsky, Matthews &

Hodgson (2014)

Wattiaux & Crump (2006)

Woltering, Herrler, Spitzer
& Spreckelsen (2009)

Allen & Cockman (2009)
Andrews, Leonard,
Colgrove & Kalinowski
(2011)

Boyas, Bryan & Lee (2012)
Buriak & Potter (2014)
Cahill et al. (2014)
Campbell et al. (2014)
Davies, Dean & Ball (2013)
Dollar & Steif (2008)Dollar
& Steif (2008)

Emke, Butler & Larsen
(2016)

Erdmann & March (2014)
Georgiou & Sharma (2015)
Getha-Eby, Beery, O’Brien

& Xu (2015)

Gok (2012)

Cross-sectional

Pre-post test

Cross-sectional

Pre-post test

Pre-post test

Pre-post test
Pre-post test
Pre-post test
Pre-post test

Pre-post test

Pre-post test

Pre-post test

Pre-post test

Pre-post test

Pre-post test

Pre-post test

Self-
reported
Self-
reported
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Figure 1: Scatterplot of the relationship between study sample sizes and self-reported

affective, behaviour and cognitive learning gains.
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b) Behavioural learning gains
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c) Cognitive learning gains
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Outcome of

studies using objective testing

Figure 2: Scatterplot of the relationship between study sample sizes and normalised

learning gains estimated from objective testing for different study conditions.
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